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Leishmania (Viannia) panamensis expresses a nuclease with molecular and
biochemical features similar to the Endonuclease G of higher eukaryotes

MicueL A. Toro-Lonpofio, MSc!, Epwin BaiRoN PATIRO, PHD?,
SArRA MaRriA RoBLEDO, PHD3, AnTONIO JIMENEZ-RuUIz, PHD?4, JuaN FERNANDO ALZATE, PHD?

SUMMARY

Objective: To characterize the molecular and biochemical features of the Endonuclease G of Leishmania (Viannia)
panamensis.

Methods: The gene of the putative L. (V.) panamensis Endonuclease G was amplified, cloned, and sequenced. The
recombinant protein was produced in a heterologous expression system and biochemical assays were run to determine its ion,
temperature, and pH preferences.

Results: The L. (V.) panamensis TENDOG has biochemical features similar to those found in other trypanosomatids and
higher eukaryotes. In addition, phylogenetic analysis revealed a possible evolutionary relationship with metazoan ENDOG.

Conclusions: L. (V.) panamensis has a gene that codifies an ENDOG homologous to those of higher organisms. This
enzyme can be produced in Escherichia coli and is able to degrade covalently closed circular double-stranded DNA. It has
a magnesium preference, can be inhibited by potassium, and is able to function within a wide temperature and pH range.
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Leishmania (Viannia) panamensis expresa una nucleasa molecular y bioquimicamente similar a la Endonucleasa G
de eucariotas superiores

RESUMEN

Objetivo: Caracterizar molecular y bioquimicamente la Endonucleasa G (EndoG) de Leishmania (Viannia) panamensis.

Meétodos: El gen de la putativa Endonucleasa Gde L. (V.) panamensis fue amplificado, clonado y secuenciado. La proteina
recombinante se produjo en un sistema de expresion heter6logo y la proteina activa se sometio a pruebas bioquimicas para
determinar la preferencia de iones, temperatura y pH.

Resultados: LarEndoG de L. (V.) panamensis muestra caracteristicas bioquimicas similares a aquellas descritas en otros
trypanosomatidos y en eucariotas superiores. Ademas, los analisis filogenéticos muestran una posible relacion evolutiva con
la Endonucleasa G de metazoos.

Conclusiones: Leishmania (V.) panamensis posee un gen que codifica para una endonucleasa homoéloga a la EndoG de
otros organismos superiores, que se puede producir de forma recombinante en Escherichia coli y que es capaz de degradar
ADN circular cerrado de doble cadena. Tiene una preferencia por los iones magnesio y manganeso para usarlos como cofactor
y es inhibida por el potasio. Ademas, funciona en un amplio rango de pH y temperatura.
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Leishmaniasis is a zoonosis caused by protozoan
parasites of the Leishmania genus and transmitted by
phlebotomine sand flies (Diptera: Psychodidae). This
disease occurs in all continents except Antarctica and it
is estimated that approximately 350 million people
worldwide are at risk of infection with approximately
2.3 million new cases each year!. Leishmaniasis presents
awide clinical spectrum ranging from cutaneous forms
that resolve spontaneously to visceral infections that
may be fatal. The different clinical manifestations of
the disease depend on the immune status of the host and
the species of parasite involved. In Colombia, the most
common clinical form is cutaneous leishmaniasis (CL)
with 10,248 cases in 2008; Leishmania (Viannia)
panamensis is the species most commonly implicated?.

Leishmania has a digenic life cycle, characterized
by the presence of flagellate promastigotes in the insect
vector and intracellular amastigotes within the phago-
somes of host mammal macrophages. During the
infection process in mammals, Leishmania parasites
enter and remain within the host cell, evading the
inflammatory response before causing the lesion®. It
has been suggested that one of mechanisms by which
the parasite evades the immune response is by
phosphatidylserine (PS) expression in the cell mem-
branes, both of promastigotes in the inoculum* and
amastigotes that simulate apoptosis®. After being
recognized by phagocytic cells, this PS induces
production of the anti-inflammatory cytokine TGB-f3
and causes negative regulation of the pro-inflammatory
cytokine TNF-a®7; thus, reducing inflammation and
allowing the parasite to evade the immune system.
Despite the importance of processes similar to apoptosis
in these parasites, the mechanisms and molecules
involved have been poorly studied. Recently, the
presence of a mitochondrial nuclease, which migrates
to the nucleus in response to apoptotic stimuli®® has
been identified, both in species of Trypanosoma (T.
brucei) and Leishmania, i.e., L. (Leishmania) donovani
and L. (L.) infantum. This protein is thought to be
homologous to the Endonuclease G (EndoG) of higher
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eukaryotes, responsible for DNA degradation in caspase-
independent processes of programmed cell death!%-!",

EndoGhasbeen characterized in different organisms,
both multi- and uni-cellular, and it is known for
participating in apoptotic processes. EndoG also plays
a role in the repair and replication of mitochondrial
DNA'?. This enzyme is a non-specific DNA/RNA
nuclease and belongs to a family of nucleases deno-
minated BB o-me finger,aname based on the disposition
of the catalytic site, which comprises two beta sheets
and an alpha helix'3. This site is also characterized by
the moiety DRGH, histidine (H) being responsible for
the activation of the water molecule needed to carry out
hydrolysis of the phosphodiester bond®'“. It should be
noted that in trypanosomatids this characteristic moiety
is replaced by SRGH?. The change from aspartic acid
to serine does not affect enzyme activity because this
site is not critical for catalytic activity'#. Furthermore,
its activity is known to be principally dependent on
Mg*?, Mn*?, or Co'?, which distinguishes it from
DNAses I and 11'2,

In this study we demonstrate for the first time that L.
(V.) panamensis also possesses a gene that codes for
this enzyme, which upon being expressed in a recom-
binant manner presents endonuclease activity under
conditions known to be present during the apoptotic
process. Additionally, a phylogenetic relationship
between this protein in trypanosomatids and its
presumed homologue in higher eukaryotes is established
for the first time.

MATERIALS AND METHODS

Parasite culture and isolation of nucleic acids.
Promastigotes of the L. (V.) panamensis strain MHOM/
CO/87/UA140were cultured in modified biphasic Novy-
MacNeal-Nicolle (NNN) medium supplemented with
penicillin (2000 U/ml). The cultures were initiated with
an inoculum of 10° parasites/ml and the parasites
harvested in the logarithmic or stationary phase after
incubation at 26°C for 5 days. DNA was purified from
these promastigotes using standard protocols with
phenol/chloroform.

Amplification and cloning of the putative endog of
L. (V.) panamensis. The primers SEGbrcx (sense) 5’
GGGGATCCGCCCAGGCCTCCACGCTCA 3’ and
3EGbrcex (anti-sense) 5° GGCTCGAGCTGCCGGTA
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CCGCTGGAAGA 3’,which containrecognition target
for the restriction endonucleases BamHI and Xhol,
respectively, were used to amplify the gene in L. (V)
panamensis. These primers were designed based on the
internal region of the putative endog of L. (V.)
braziliensis (LbrM10 V2.0750). The final concen-
trations were 1 mM of MgCl, 200 nM of each primer,
200 mM of dANTP, 100 ng of genomic DNA, 2.5 U/
100pul of Tag polymerase and 5% DMSO. The
amplification conditions were: 1 cycle for 5 min at
95°C,30cycleseach for45sat95°C,30sat55°C, 2 min
at 72°C, and finally one 7-min cycle at 72°C. PCR
products were analyzed by electrophoresis in 1% agarose
and stained with ethidium bromide with an expected
product of 1077 bp. The amplified band and the
expression vector pET28 a(+) (Novagen, Germany)
were digested by using the restriction endonucleases
BamHI and Xhol (Fermentas, Lithuania) and separated
by electrophoresis in 1% agarose. The bands
corresponding to the gene and the digested vector were
cut from the gel and purified by using the Illustra
GFX™ commercial kit (GE Healthcare, UK). The
purified products were bound with the enzyme T4 DNA
ligase (Fermentas, Lithuania) to create the construct
denominated pET28a (+) - endog. This construct was
used to transform competent bacteria DH5a (Invitrogen,
USA) by thermal shock. These were plated out on LB
plates with 50 pg/ml kanamycin as aselection antibiotic.
Four colonies were selected from the bacteria that grew
on the plate and grown in liquid LB with antibiotic. The
plasmid was purified by using the QIAprep Spin
Miniprep commercial kit (QIAGEN, Germany), and
sequenced on both strands to confirm the content of the
insert (Macrogen, South Korea).

Expression and purification of the rENDOG of L.
(V.) panamensis. The pET28 a(+)-endog construct was
used to transform competent BL21 (DE3) bacteria
(Stratagene, USA) by thermal shock. These were plated
outin LB plates with 50 pg/ml kanamycin as a selection
antibiotic. A preinoculum in liquid LB with antibiotic
was prepared from these transformed bacteria, grown
for 16 h and then diluted 1:100 in 500 ml of fresh
medium to carry out the induction. Induction was
performed when the culture reached an optical density
(OD) of 0.6 at 600 nm, isopropyl B-D-1-thiogalacto-
pyranoside (IPTG) being added over 2 h to produce a
final 1-mM concentration. The induction was separated
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by electrophoresis in polyacrylamide gel with 12%
SDS (SDS-PAGE) and stained with Coomassie blue for
anexpected 43 kDaband, corresponding to the tENDOG
of L. (V.) panamensis. Solubility of the protein was
determined according to the protocol found in
QIAexpressionist (QIAGEN, Germany). Because the
expression vector pET28 a(+) adds a double tail of
histidines (4is-tag) to the aminoterminal and carboxy-
terminal regions of the protein of interest, purification
was performed by means of affinity chromatography
with columns of nickel-agarose (Ni-NTA) (QIAGEN,
Germany). This was performed under denaturing
conditions, always using the same buffer (100 mM
NaH,PO,, 10 mM Tris*Cl, 8 M urea) and changing the
pH only during lysis (pH 8.0), washings (pH 6.3), and
elutions (pH 4.9 and pH 4.5), according to the protocol
described in QIAexpressionist. The fractions collected
were separated by 12% SDS-PAGE and stained with
Coomassie blue.

Refolding and quantification of the partial rENDOG
of L. (V.) panamensis . Given that purification was carried
out under denaturing conditions to obtain active protein,
the elution fractions had to be refolded by dilution. This
was performed by diluting the concentration of the
chaotropic agent, in this case urea, to allow the protein to
fold and adopt a more stable three-dimensional
configuration. This was perfomedbyadding buffer without
urea gradually every hour, reducing the urea concentration
in the final volume by 0.5 units each time until a 0.25-M
concentration was reached.

Quantification was performed after the refolding
process by using the Bradford method (Sigma-Aldrich,
USA). Five ul was added to each of the BSA standards
at arange of 0.1-1.4 mg/ml BSA in different wells, the
same being performed with the problem protein.
Subsequently, 250 pl of Bradford reagent was added to
each well and agitated for 30 s before being incubated
for 30 s in darkness at room temperature. Absorbance
of the standards was read at 595 nm and plotted against
the concentration on a graph. Concentration of the
control sample was determined from the straight-line
equation obtained. The assays were carried out in
triplicate.

Tests of nuclease activity. To evaluate the nuclease
activity of the refolded protein, a test digestion was
performed using 1 pg tENDOG and 1 pg of covalently
closed circular DNA with the buffer Tango™ 1x (Fer-
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mentas®) for 2 h at room temperature and 37°C. To
determine the optimal concentration of magnesium,
digestions were carried out by using 1 pg of recombinant
enzyme, 1 pug of covalently closed circular DNA and a
buffer suitable for endonucleases containing: 10 mM
Tris-Clat pH 7.5, 10 mM DDT, 1 mg/ml BSA and 50
mM NaCl at 37°C for 2 h. The effect of different mono-
and divalent cations on nuclease activity was evaluated
in the same way. Increasing concentrations of 1, 5, 10,
and 20 mM of the cations barium (Ba?"), calcium
(Ca?"), and manganese (Mn?") were evaluated. The
inhibitory concentration of potassium was determined
in the same manner by using the optimal determined
concentration of magnesium.

Effects of pH and temperature on enzymatic
activity. The effects on enzymatic activity of pH over a
range of 3-12 and temperature at 20-84°C were
determined under the conditions mentioned previously
and the obtained optimal concentration of magnesium.

Bioinformatical analysis. Bioinformatic analyses
suchasthe search forhomologous sequences to construct
the phylogenetic tree were performed by using the
ExPASy database (http://ca.expasy.org/). The search
for the signal peptide was performed on the amino acid
sequence of L. (V) braziliensis using the SP-NN
algorithm in the TriTrypDB database (http://tritrypdb.
org/tritrypdb/). This same database was used to deter-
mine the position of the gene on the genomes of the
different species of trypanosomatids (synteny).

Functional domains were sought in the protein
expressed by using the conserved domains database
(CCD) tool from the NCBI (http://www.ncbi.nlm.nih.
gov/Structure/cdd/cdd.shtml). Extremity sequences
belongingto L. (V.) braziliensis were used to determine
the relevance of the amino and carboxyterminal ends
absentinthe tENDOG of L. (V.) panamensis. Secondary
structures (alpha helix and beta sheets) in these
sequences thatcould give indications oftheir importance
were sought by using the APSSP2 algorithm (http://
www.imtech.res.in/raghava/apssp2/).

Phylogenetic relationship. To make a phylogenetic
reconstruction of the Endo G of L. (V.) panamensis, 26
sequences of proteins homologous to human Endo G
were identified from a wide variety of organisms,
including bacteria, fungi, amphibians, birds, and
mammals. The sequences collected were aligned using
the Clustal algorithm and the BLOSUM matrix. To
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determine the evolutionary relationship of the 26 taxa
analyzed, the alignment data were loaded onto the
MEGA 4 program and a distance matrix obtained that
showed the estimated divergence between the sequences.
These results were obtained from pairwise analysis
between the 26 alignments using Poisson’s correction
method. Based on the sequence alignment data obtained,
a tree was constructed by the Neighbour-Joining (NJ)
method to determine evolutionary relationships among
the 26 organisms of the gene studied. The bootstrap
used was 1000 and those branches reproduced in less
than 50% of the replicates were collapsed.

RESULTS

Amplification and cloning of the putative endog of
L. (V.) panamensis. A 1077 bp internal region of the
putative endog gene of L. (V.) panamensis was amplified
by PCR. This amplification was performed after adding
5% DMSO to the PCR mix, given that without this
additive a non-specific band of approximately 1500bp
(Figure 1 A) was amplified. This region was cloned into
the plasmid pET 28 (+), creating the construct pET28a
(+) — endog (Figure 1B). The construct insert was
sequenced for both strands and aligned against the
putative endog gene of L. (V.) braziliensis using the
Clustal W algorithm, yieldinga 98% identity as aresult.
This way, it was confirmed that the amplified and
cloned fragment was the internal region of the putative
endog geneof L. (V.) panamensis. The sequence obtained
can be found by using GeneBank access number
GQ119624.1.

Expression and purification of the rENDOG of L.
(V.) panamensis. Based onits nucleotide sequence, the
protein deduced was 0f401 amino acids witha molecular
mass 0f43.3 kDa. After induction with 1 mM IPTG for
2 h at 37°C, bacteria BL21 (DE3) transformed with
pET28a(+)-endog expresses a protein of approximately
45 kDa, corresponding to the expected size of the
rENDOG, was observed (Figure 2A). Solubility studies
of the recombinant protein revealed that this was
expressed in an insoluble form (data not shown), hence
purification had to take place under denaturing
conditions (Figure 2B). After purifying 0.96 g of a
bacterial precipitate, 65 mg of total soluble protein was
obtained and then, 10.5 mg of purified recombinant
protein was obtained from the elutions. Since the
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Figure 1. Amplification and cloning of the putative endog of L. (V.) panamensis. A. Amplification. M.
Molecular weight marker. Amplification of a fragment of the expected size, only achieved when 5% DMSO
was used in the reaction. C(-). Negative control. This gel represents similar patterns of 3 independent
experiments. B. Construct pET28a (+) — endog. Orientation of the cloned fragment, as well as the position
of both restriction sites used and sequences that code for the histidine tails can be observed.
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Figure 2. Induction and purification of ENDOG of L. (V.) panamensis. A. Induction. M. Molecular weight
marker Pre. Pre-induction BL21 (DE3), Post. Post-induction BL21 (DE3) 2 h with 1 mM IPTG. B.
Purification. M. Molecular weight marker Lys. Lysate, FT. Flow-through, W. Washings (pH 6.5), E. Elution
fractions. (pH 5.9 and 4.5). Gels represent similar patterns obtained from three independent experiments.
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Figure 3. Refolding and Nuclease Activity Assay. A. Refolding. M. Molecular weight marker, FP: Refolding
fraction precipitated with TCA, 2. FNP: Fraction not precipitated. B. Activity assay. M. Molecular weight
marker, C(-). Negative control. Two reactions were performed, one observed at room temperature (RT) and
the other at 37°C. These were performed in the absence of rENDOG (0 ug) and using 1 ug rENDOG. Gels
represent similar patterns in three independent experiments.

Bradford methodology is incompatible with urea
concentrations above 3 M, these fractions were
quantified by spectrophotometry at 280 nm.
Refolding and quantification of the partial
rENDOG of L. (V.) panamensis . After refolding, a
final 30-ml volume was obtained with a protein
concentration of 100 ng/ml. Quantification was
performed via the Bradford methodology. Given that
during the refolding process by dialysis, as well as
dilution of the chaotropic agent the protein was also
diluted, precipitation with trichloroacetic acid (TCA)
was carried out before quantification. When samples
were treated with 400 mM dithiothreitol (DTT) the
bands of highest molecular weight observed in purified
fractions of rENDOG disappeared (Figure 3A).
Nuclease activity assay. The preliminary test of
nuclease activity in the buffer Tango™ 1x, Fermen-
tas®, showed the protein obtained from the refolding
process to be active both at room temperature and at
37°C. Its endonuclease nature was clear from its
degradation of covalently closed circular DNA (Figure

3B). Enzymatic activity was shown by the appearance
of a DNA smear, a clear sign of degradation of this
macromolecule.

Optimal concentration of MgCl, and inhibitory
concentration of KCI. After testing the preliminary
activity, a nuclease activity assay was performed with
MgCl,. This revealed that the optimal concentration of
Mg?* for 1pg of rENDOG is 15 mM, no further increase
ofnuclease activity being seen above this concentration
(Figure 4A). Furthermore, it was determined that the
inhibitory concentration of K!* is 140 mM. A gradual
reduction innuclease activity was observed as potassium
concentation increased, total inhibition was observed
at 230 mM (Figure 4B).

Effect of different divalent cations on nuclease activity.
Because the enzyme uses divalent cations present in
the cellular environment as cofactors, the activity was
evaluated by using divalent cations other than magnesium
such as: barium, manganese, and calcium. Despite being
a divalent cation, barium does not function as a cofactor
(Figure 5A). Manganese does behave as a cofactor, albeit
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Figure 5. Evaluation of different cations as cofactors. Concentrations of 0, 1, 5, 10, and 20 mM of barium
chloride (BaCl,), calcium chloride (CaCl,) and manganese chloride (MnCl,) evaluated. M. Molecular weight
marker. C(-). Negative control. Gels represent similar patterns obtained from three independent experiments.

less effectively than magnesium (Figure 5C). For calcium,
concentrations of 1-5 mM presented endonuclease activity
(Figure 5B); although, much less than that observed with
magnesium and manganese, indicating that it is a less
efficient cofactor.

Effects of pH and temperature on enzymatic
activity. It was found that the enzyme maintained its
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nuclease activity over a wide pH range of 3-12 (Figure
6A). It also worked over a wide range of temperatures,
remaining active from 20-50°C (Figure 6B). In similar
experiments performed in our laboratory (results not
shown), we demonstrated that the enzyme was able to
maintain its activity for up to 2 h at 84°C, inactivation
occurring after exposure to 100°C for more than 5 min.
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Figure 6. Effects of temperature and pH on rENDOG activity. Effect of pH. M. Molecular weight marker.
rENDOG activity at different pH values (3-12). C(-). Control without rENDOG. B. Effect of temperature M.
Molecular weight marker. Activity of rENDO G at different temperatures (20-50°C). C(+). Control at 37°C,
C(-). Control without rENDOG. Gels represent similar patterns obtained for three independent experiments.

Bioinformatic analysis. Bioinformatic analysis
revealed that EndoG possesses a signal peptide of
approximately 32 amino acids on the aminoterminal
end. It was also determined that the gene coding for
EndoG is located on chromosome 10 in the three
Leishmania species for which the genome is completely
known i.e., L. (L.) infantum, L. (L.) major, and L. (V.)
braziliensis. It was also determined that this is a highly
syntenic single-copy gene in these species. The enzyme
was found to possess three known domains, one
denominated NUC referring to a super family of
nucleases, one binding to magnesium, and a third
binding to the substrate (DNA). In the absent amino-
terminal region, it was determined that the missing
amino acids did not form any secondary structure that
could indicate a biological function. The algorithm
predicted the formation of an alpha helix on the
carboxyterminal region with high probability (>0.8),

although no known functional domain was identified.

Phylogenetic relationship. Sequences were aligned
based onthe amino acid sequence obtained for the Endo
Gof L. (V.) panamensis (Figure 7A), as well as on the
other 26 protein sequences presumably homologous to
this. A phylogenetic tree was constructed from this
alignment by the Neighbour Joining (NJ) method in
which the phylogenetic relationship thatexists between
the protein of L. (V.) panamensis and the other known
homologues is shown (Figure 7B).

DISCUSSION

Although various studies have been carried out on
Trypanosoma and Leishmania to show the existence of
ENDOG*%?, all Leishmania studies were performed on
species of the Leishmania subgenus and their relevance
to members of Viannia species is unknown. It has been
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Figure 7. Aminoacid sequence of rENDOG and Phylogenetic Analysis. A. Amino acid sequence of
rENDOG. Underlined sequence corresponds to amino acid sequence of rENDOG. Catalytic moeity (SRGH)
and asparagine (N) which bind to the cofactor shown in bold. Region not underlined corresponds to other
amino acids coded by plasmid to facilitate purification process. B. Phylogenetic reconstruction of
Endonuclease G. Reconstruction made from 26 sequences of proteins homologous to human ENDOG;
note that presumptive ENDOG of trypanosomatids form discrete group, differentiating between
Trypanosoma and Leishmania genera. (Bootstrap = 1000)

162



Colombia Médica

established that certain genes that exist in one subgenus
are lacking in the other and vice-versa'”; hence, it is
important to carry out independent studies on Viannia
species. Certain differences were clear from the start of
the study given that it was not possible to amplify the
entire genein L. (V.) panamensis using oligonucleotides
designed from sequences of the endog of L. (L.) major,
L. (L.) infantum, and L. (V.) braziliensis (results not
shown). Thus, we may conclude that the 5’ and 3’
terminal sequences of the coding region (CDS) of
endog differ from those of the reference species
mentioned and for this reason did not adequately
hybridize the oligonucleotides in amplification PCR of
the entire gene. For this reason, new oligonucleotides
were designed based on the internal region of the gene
of L. (V.) braziliensis, allowing amplification of a band
of approximately 1500 bp, which however did not
concur with the expected size of the internal 1077-bp
region we attempted to amplify. By using 5% DMSO as
an additive, it was posible to amplify and clonea 1077-
bp fragment of the internal coding region of the Endo G
gene of L. (V.) panamensis. It should be noted that
although it is an internal region of the gene, it contains
the triplet codons of the amino acids included in the
putative catalytic site of the enzyme. This fragment
corresponds to 71% of the expected size of the gene,
based onthe 1515-bp sequence reported for this gene in
L. (V.) braziliensis (LbrM10_V2.0750). In lacking the
5’ end of the coding region, we know that 86 amino
acids are missing from the aminoterminal end of the
enzyme of which the first 40 correspond to the signal
peptide that naturally directs this enzyme to the
mitochondria of the parasite’. Qur in-silico analysis
revealed the presence of a signal peptide of 32 amino
acids onthe amino terminal. Accordingto the predictions
performed, the other missing amino acids do not form
any secondary structure and, thus, cannot be performing
any function. Likewise, by missing partofthe 3’ region,
the enzyme lacks 58 amino acids in the carboxy-termi-
nal region, which according to the predictions has a
very high probability of forming a pair of alpha helix.
This indicates that the region may code for some
biological function; nevertheless, more studies are
rendered. Despite these deletions in the amino and
carboxyterminal ends, the tENDOG of L. (V.)
panamensis is an active endonuclease able to degrade
covalently closed circular DNA, demonstrating that
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these regions are not critical to the functioning of this
enzyme. Thisisto be expected given thatin Leishmania
this enzyme is 53 kDa, much larger than the 32 kDa
found in other eukaryotic organisms such as humans
and fungi, as well as the 37 kDa of the nuclease of
Serratia marcescens, whichis also thought to be related
to the ENDOG of higher organisms!%!2,

The high expression levels obtained for the rENDOG
of L. (V.) panamensis in E. coli facilitated the formation
of inclusion bodies'®, requiring a denaturation process
of solubilization of the protein for purification. The
high amount of protein produced during expression is
surprising, given that in some species such as L. (L.)
major, the toxicity of the enzyme precludes it from
being produced in recombinant manner in E. coli®.
Although L. (L.) infantum ENDOG has been produced
in E. coli, its levels of expression are not as high®. It,
therefore, remains to be determined whether the high
levels seen in L. (V.) panamensis are due to the lower
toxicity of recombinant proteins from New World
species per se, or if the absence of the signal peptide
and/or the carboxy-terminal region reduces their toxicity,
allowing better expression to occur.

On carrying out rENDOG purification, high
molecular weight proteins were found as contaminants
in the elution fractions. However, these disappeared
when the quantity of DDT (dithiothreitol) in the buffer
of the protein sample was duplicated to 400 mM,
indicating that they were actually multimeric aggregates
of the recombinant protein bound to each other by
disulphate bridges. This enzyme is known to require a
divalent cation as a cofactor, thought to be involved in
stabilization of the transition state during nucleophilic
attack and in coordination of the water molecule that
protonates the salient group during hydrolysis'4. Among
the ions known to function as cofactors in orthologous
enzymes are cobalt (Co?"), manganese (Mn?"),
magnesium (Mg %), nickel (Ni?"), calcium (Ca?"), and
zinc (Zn?*)'2, Even though the enzyme is able to function
with several of the ions mentioned, it iswidely accepted
that the most important is Mg?*. It is known that the
ENDOG of C. elegans, which has been implicated in
apoptosis, is dependent only on magnesium!'. Given
the importance of Mg?* as the principal cofactor of
ENDOG, a test was run to determine the optimal
concentration of this cation. It was thus determined that
the optimal concentration for 1 pug of recombinant
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enzyme is 15 mM of MgCl,, without increase in
enzymatic activity above this concentration. However,
a concentration of 50 mM of MgCl, appeared to inhibit
activity. Rather than being due to excess cofactor, this
inhibitory effect could be explained by the effect of
magnesium on DNA because the magnesium can bind
to the major and minor grooves of the DNA molecule,
altering the DNA structure!’. It is noteworthy that the
intracellular concentration of magnesium dissolved in
the cytosol lies between 0.5 and 1 mM'®, concentration
at which rfENDOG is active. Different mono- and
divalent cations, such as barium (Ba”"), manganese
(Mn?"), calcium (Ca®"), and potassium (K!*) were
evaluated in addition to magnesium. As expected, both
manganese and calcium function as cofactors, clear
signs of degradation were visible after 2 h of digestion.
Although greater signs of degradation were observed
with magnesium and manganese than with calcium, the
importance of the latter in the activation of nuclease
activity during apoptosis has been demonstrated in
mammals'®?’. However, no degradation whatsoever
was evident for barium, perhaps due to its greater size
than other divalent cations. This would cause a steric
impediment, which would not permit the enzyme to use
the cation as a cofactor. After determining the optimal
magnesium concentration for the enzyme, an inhibition
assay was performed by using increasing concentrations
of potassium. It was determined that concentrations
above 140 mM of KCIl inhibited enzymatic activity,
with complete inhibition at 230 mM. These results
concur with the intracellular potassium concentration
of 140 mM both in mammalian cells and Leishmania
promastigotes. The potassium concentration, never-
theless, falls to 30 mM in mammalian cells and 65 mM
in promastigotes during apoptosis?'-2*. It is clear that
under normal intracellular conditions, the enzyme is
slighly inhibited due to the intracellular concentrations
of potassium. Because Leishmania is a parasite with a
heteroxenous life cycle, exposed to different tempe-
ratures both in the insect vector and in the mammalian
host, we decided to evaluate the temperature range at
which ENDOG mantains its activity and determined
that this enzyme is active above 20°C, presenting peak
activity at 40-46°C. Enzymatic activity began to be
affected above 48°C, with residual nuclease activity
observed up to 84°C, which means that this enzyme is
highly thermostable. No major changes were observed
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in its degradation capacity when activity was evaluated
at pH levels of 3-12. The changes observed in electro-
phoretic migration can be attributed to the high
concentrations of NaOH used to reach the most alkaline
pH values (unpublished laboratory observations). It is
not surprising that the enzyme is tolerant to a wide pH
range because it is known that the pH tends to acidify
during apoptotic processes.

The homologous relationships among the endo-
nucleases G of distinct organisms have been established
mainly based on similarity of enzyme functions than on
phylogenetic analysis. For this reason, 26 protein
sequences presumably homologous to human ENDOG
were collected and a phylogenetic tree was constructed
todetermine the evolutionary relationships among these
proteins. ENDOG belongs to the super family of non-
specific nucleases denominated PBBoa-Me-finger,
although the catalytic moiety DRGH present in most
members of this family'4is modified in trypanosomatids
since a serine residue occupies the position of the
aspartic acid (SRGH). Although it has been suggested
that this aspartic acid acts on conformation of the
catalytic site, mutagenesis site assays suggest that the
change from aspartic acid to alanine produces a 54%
reduction in bovine ENDOG activity. The function of
aspartic acid in trypanosomatids appears to be performed
without any problem by serine. The other residues
critical to function, including the asparagine responsible
for binding to the cofactor?*, are present in the rENDOG
of L. (V.) panamensis. Even with this change in the
sequence, it aligned adequately with the other 25
sequences analyzed and did not require mayor editing.
Based on this alignment, a distance matrix was
constructed from this tree by the Neighbour-Joining
method. Proteins belonging to trypanosomatids are
grouped together in this tree, as are those from bacteria,
fungi, insects, and mammals. From these results, it can
be inferred that the putative ENDOG of these parasites
is a homologue of the one found in humans and other
higher eukaryotes. Thus, from the point of view of
possible structure and function® this similarity, together
with the hypothesis of a possible common origin of this
gene shown by the construction of this tree, strengthens
the hypothesis for homology among these enzymes.

Insummary, wemay concludethat L. (V.) panamensis
possesses a gene that codes for an endonuclease
homologous to the ENDOG ofhigher organisms, which
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can be produced in recombinant form in E. coli and is
able to degrade covalently closed circular double-
stranded DNA. It has a preference for magnesium and
manganeseions, using themas cofactors, and is inhibited
by potassium. It also functions over a wide range of pH
and temperature. The similarity in the biochemical
characteristics and relationship of this enzyme with
those found in metazoans, suggest that it could be
involved in the process of programmed cell death that
has been described for these organisms.
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