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Abstract
Background: Telomeres are specialized structures at the end of chromosomes essential for maintaining genome 
stability and cell viability. The importance of telomeric proteins for telomere maintenance has increased our interest in 
the identification of homologues within the genus Leishmania. The mammalian TRF1 and TRF2 proteins, for example, 
bind double-stranded telomeres via a Myb-like DNA-binding domain and are involved with telomere length regulation 
and chromosome end protection. In addition, TRF2 can modulate the activity of several enzymes and influence the 
conformation of telomeric DNA. In this work, we identified and characterized a Leishmania protein (LaTRF) homologous 
to both mammalian TRF1 and TRF2.

Results: LaTRF was cloned using a PCR-based strategy. ClustalW and bl2seq sequence analysis showed that LaTRF 
shared sequence identity with the Trypanosoma brucei TRF (TbTRF) protein and had the same degree of sequence 
similarities with the dimerization (TRFH) and the canonical DNA-binding Myb-like domains of both mammalian TRFs. 
LaTRF was predicted to be an 82.5 kDa protein, indicating that it is double the size of the trypanosome TRF 
homologues. Western blot and indirect immunofluorescence combined with fluorescence in situ hybridization showed 
that LaTRF, similarly to hTRF2, is a nuclear protein that also associates with parasite telomeres. Native and full length 
LaTRF and a mutant bearing the putative Myb-like domain expressed in bacteria bound double-stranded telomeric 
DNA in vitro. Chromatin immunoprecipitation showed that LaTRF interacted specifically with telomeres in vivo.

Conclusion: The nuclear localization of LaTRF, its association and co-localization with parasite telomeres and its high 
identity with TbTRF protein, support the hypothesis that LaTRF is a Leishmania telomeric protein.

Background
More than 20 Leishmania species are pathogenic to
humans and cause leishmaniasis of differing severity.
Leishmania amazonensis (Trypanosomatidae), the para-
site studied in this work, is common in Brazil and causes
a wide spectrum of clinical leishmaniasis [1]. The parasite
can cause opportunistic infections in HIV/AIDS patients
and co-infections have been reported in 34 countries.
There are no adequate methods for controlling leishma-
niasis and current available treatments are inefficient
[2,3]. Consequently, most of the ongoing research for new

drugs to combat the disease is based on post-genomic
approaches [4].

Telomeres are specialized structures at the end of chro-
mosomes and consist of stretches of repetitive DNA (5'-
TTAGGG-3' in vertebrates and trypanosomatids) and
associated proteins [5]. Telomeres are essential for main-
taining genome stability and cell viability, with dysfunc-
tional telomeres triggering a classic DNA-damage
response that enables double-strand breaks and cell cycle
arrest [6].

There are three classes of telomeric proteins, viz., pro-
teins that bind specifically to single-stranded G-rich
DNA, proteins that bind to double-stranded DNA and
proteins that interact with telomeric factors. Other non-
telomeric proteins, such as the DNA repair proteins
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Mre11 and Rad51, also play important roles at telomeres
[7,8]. In mammals and yeast, telomeric proteins are orga-
nized in high order protein complexes known as shelterin
or telosome that cap chromosome ends and protect them
from fusion or degradation by DNA-repair processes
[9,10,7]. These complexes, which are abundant at chro-
mosome ends but do not accumulate elsewhere, are pres-
ent at telomeres throughout the cell cycle and their action
is limited to telomeres [7,8]. Shelterin/telosome proteins
include members or functional homologues of the TRF
(TTAGGG repeat-binding factor) or telobox protein fam-
ily, such as TRF1 and TRF2 from mammals [11] and
Tebp1 [12], Taz1 [13] and Tbf1 [14] from yeast. All of
these proteins bind double-strand telomeres via a Myb-
like DNA-binding domain, which is one of the features
that characterize proteins that preferentially bind double-
stranded telomeric DNA [15-17].

In humans, TRF1 may control the length of telomeric
repeats through various mechanisms. For example, TRF1
can control telomerase access through its interaction
with TIN2, PTOP/PIP1 and the single-stranded telomeric
DNA-binding protein POT1. TRF1 may also regulates
telomerase activity by interacting with PINX1, a natural
telomerase inhibitor. In comparison, TRF2 is involved in
many functions, including the assembly of the terminal t-
loop, negative telomere length regulation and chromo-
some end protection [18,11,16]. The shelterin complex is
anchored along the length of telomeres by both TRF2 and
TRF1 [19], whereas in conjunction with POT1, TRF2 is
thought to stimulate WRN and BLM helicases to dissoci-
ate unusual structures during telomeric replication [20].
TRF2 also interacts with enzymes that control G-tail for-
mation, the nucleases XPF1-ERCC1, the MRE11-RAD50-
NBS1 (MRN) complex, the RecQ helicase WRN and the
5' exonuclease Apollo [8]. Loss of TRF2 leads to NHEJ-
mediated chromosome end-fusion and the accumulation
of factors that form the so-called telomere dysfunction-
induced foci (TIFs) [21,22]. Thus, TRF2 can modulate the
activity of several enzymes and influence the conforma-
tion of telomeric DNA.

Only a few telomeric proteins that bind the double-
stranded form of telomeric DNA have been described in
Leishmania and in their trypanosome counterparts
[17,23]. Homologues of human TRF have been found in
the genomes of T. brucei, T. cruzi and L. major based on
sequence similarities to the C-terminal Myb-like DNA
binding domain. For example, the T. brucei TRF2 homo-
logue known as TbTRF shares a similar telomere end-
protection function with vertebrate TRF2 [24].

Results and Discussion
Characterization of the putative L. amazonensis TRF gene 
homologue
Using data mining via the OmniBLAST server we
searched the whole L. major genome database http://

www.ebi.ac.uk/parasites/leish.html for a putative
sequence that shared similarities with the vertebrate
TRF1 and TRF2 proteins. For this search, we used the
most conserved part of both human proteins, the C-ter-
minal fragment containing the Myb-like DNA binding
domain. The search returned a single sequence (GenBank
acc. no. XP_001682531.1) that encoded a hypothetical
protein (GenBank acc. no. Q4QDR7, GeneDB_Lmajor
LmjF18.1250), the C-terminus of which shared ~30%
identity and 50-55% similarity with the vertebrate TRF
Myb-like domain, according to the blast2 sequence analy-
sis (Table 1).

Based on the L. major sequence, primers were designed
for PCR amplification of the entire homologous sequence
from L. amazonensis with genomic DNA as the template.
PCR products of 2,931 bp were cloned into the vector
pCR2.1 and both insert strands were sequenced (data not
shown). The deduced polypeptide sequence of 796 amino
acid residues contained a putative C-terminal Myb-like
DNA binding domain between residues 684-733, accord-
ing to psi-blast (Fig 1 - top). The LaTRF gene (GenBank
acc. no. EF559263) shared high sequence identity and
similarity to the putative L. major TRF, and to hypotheti-
cal L. infantum and L. braziliensis TRFs (Table 1). The
sequence conservation between LaTRF and the trypano-
some TbTRF and the putative TcTRF homologues
decreased to 35-45% identity (Table 1), consistent with
the known evolutionary relationships among these
organisms. The Leishmania TRF homologues encode the
largest TRF protein (~82.5 kDa) described so far. The fact
that the Leishmania proteins showed much greater
homology with each other than with other protozoan
proteins and that they are the largest TRF described so
far resembles the situation for Leishmania telomerase
protein [25].

In addition, like TbTRF, LaTRF shared sequence simi-
larities with the canonical Myb-like domain and with the
TRFH dimerization domain of human TRF1 and TRF2
(Fig 1-bottom and Table 1), but no sequence similarities
were found with any other telobox protein (data not
shown). Together, these results indicate that although
LaTRF shares high sequence similarity with TbTRF, prob-
ably because the two species are phylogenetically related
[26], further studies are required to confer any functions
to the Leishmania TRF homologue identified here.

LaTRF is a nuclear protein that co-localizes with L. 
amazonensis telomeres
In exponentially growing L. amazonensis promastigotes,
LaTRF was detected only in nuclear protein extracts. A
single ~82.5 kDa protein band was detected using anti-
LaTRF serum (Fig 2 - top panel: lane 1). No protein was
detected in cytoplasmic and total protein extracts (Fig 2 -
top panel: lanes 2 and 3), indicating that LaTRF is a
nuclear protein with very low intracellular abundance. As
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a control, Western blots were revealed with anti-LaRPA-1
serum, which recognizes a ~51.2 kDa telomeric protein
band [23] (Fig 2 - bottom panel: lane 1) and also its phos-
phorylated forms (Fig 2 - bottom panel: lane 2; da Silveira
& Cano, unpublished data).

We also developed an immunofluorescence assay com-
bined with FISH, using anti-LaTRF serum and a PNA-
telomere probe specific for TTAGGG repeats. As shown
in Fig 3 (panels p1-4, merged images a and b), LaTRF is a
nuclear protein that partially co-localizes with parasites
telomeres, since some of the LaTRF signal coincided with

telomeric foci and some did not (Fig 3, panels p1-4). In
most cells, LaTRF appears as a diffuse signal spread all
over the nucleoplasm and only in some cases it forms
large punctuated foci, which seems to co-localize with the
telomeric DNA (yellow dots in Fig 3, panels p2 and p4).
Similarly, in humans, the hTRF2 protein also appears in
the form of punctuate foci that does not completely asso-
ciate with telomeres [18], which is in agreement with
other cellular functions played by this protein [27,28]. In
contrast, the T. brucei TRF protein (TbTRF) appears to
co-localize with most telomeres at all stages of the cell

Table 1: Pairwise analysis of amino acid sequence alignments from TRF homologues based on bl2seq sequences (protein-
protein BLAST)

LaTRF (full length) LaTRFTRFHdomain LaTRFMybdomain

%Identity %Similarity %Identity %Similarity %Identity %Similarity

LmTRF 99 99 100 100 100 100

LiTRF 88 91 85 89 98 100

LbTRF 65 71 60 70 96 100

TcTRF 45 59 38 54 63 77

TbTRF 35 53 39 59 54 66

hTRF1 Not significant Not significant 16 25 31 54

hTRF2 Not significant Not significant 15 30 29 55

La, L. amazonensis (GenBank acc. no. EF559263); Lm, L. major (TrEMBL acc. no. Q4QDR7); Li, L. infantum (GenBank acc. no. XP_001464939.1); 
Lb, L. brasiliensis (GenBank acc. no. XP_001564056.1); Tc, Trypanosoma cruzi (GenBank acc. no. XP_819954.1); Tb, Trypanosoma brucei 
(GenBank acc. no. AY910010); h, human (hTRF1 GenBank Acc. no. P54274.2; hTRF2 GenBank acc. no. Q15554).

Figure 1 LaTRF is a homologue of mammalian and T. brucei telomeric TRFs. (top) Position of the TRFH and Myb domains in LaTRF, according to 
rpsblast and bl2seq sequence analysis with T. brucei TRF. (bottom) ClustalW multiple alignment of the Myb-like DNA binding domains of human 
(hTRF2 and hTRF1), L. amazonensis (LaTRF), T. brucei (TbTRF) and T. cruzi (TcTRF) TRFs.

http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=EF559263
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cycle in both bloodstream and procyclic forms [24].
Whether LaTRF also has other cellular roles or if its asso-
ciation with telomeres occurs in a cell cycle dependent
manner is not clear at this stage.

LaTRF interacts in vitro and in vivo with L. amazonensis 
telomeres using a Myb-like DNA binding domain
EMSA assays were done with renatured protein extracts
containing full length LaTRF, the Myb-like DNA binding
domain (LaTRFMyb) (Figs 4 and 5, see additional file 1)
and with L. amazonensis nuclear extracts (Fig 6), to inves-
tigate whether LaTRF, like its vertebrate and trypano-
some counterparts [18,24], was able to bind double-
stranded telomeric DNA in vitro.

The full-length recombinant protein and its deletion
mutant were expressed in very low amounts and in non- soluble form in the E. coli system (data not shown) mak-

ing their purification by conventional chromatography
very difficult. Therefore, protein expression was checked
by Western blot using anti-LaTRF serum and anti-His tag
monoclonal antibody (data not shown).

As shown in Fig 4, recombinant full length LaTRF and
the mutant bearing only the C-terminal Myb-domain
were able to bind specifically the double-stranded telo-
meric DNA (LaTEL). Competition assays showed that the
complexes formed by both recombinant proteins were
completely abolished in the presence of excess unlabeled
LaTEL and that there was no competition for binding
when excess of non-specific poly [dI-dC] [dI-dC] double-
stranded DNA was used (Fig 4, lanes 4, 5, 8 and 9). Super-
shift assay with anti-LaTRF serum, which recognizes a N-
terminal epitope in the protein, confirmed that full length
LaTRF forms a robust complex with labeled LaTEL (Fig 4,
lane 6), possibly because the binding of anti-LaTRF stabi-
lized the LaTRF-LaTEL complex, blocking the action of
other non-specific binding activity in the extract. When
competitors were added to the supershift reactions with
anti-LaTRF serum, the binding specificity of recombinant
LaTRF for LaTEL was confirmed (Fig 5, lanes 2-4). The
complex was almost totally abolished in the presence of

Figure 2 Expression of LaTRF in L. amazonensis promastigotes ex-
tracts. Western blot analyses of extracts from 107 promastigotes/lane, 
grown in mid-log phase, were probed with anti-LaTRF serum (top pan-
el) and anti-LaRPA-1 serum [31] as the loading control (bottom panel). 
Lane 1 - total protein extract (T), lane 2 - nuclear extract (N), lane 3 - cy-
toplasmic extract (C).

Figure 3 LaTRF partially co-localizes with L. amazonensis telom-
eres. LaTRF (red), using anti-LaTRF serum, was combined with FISH 
(green) using a PNA-telomere probe specific for TTAGGG repeats. DAPI 
(blue) was used to stain DNA in the nucleus (N) and in the kinetoplast 
(K). Images were organized in panels p1-p4 showing the co-localiza-
tion patterns in merged (a): telomeres and LaTRF, and in merged (b): 
DAPI, telomeres and LaTRF. Merged images were done using NIS ele-
ments software (v. Br 2.30).

Figure 4 Recombinant LaTRF and the mutant bearing the C-ter-
minal Myb domain bind in vitro double-stranded telomeric DNA. 
Electrophoretic mobility shift assays (EMSA) were done using radiola-
beled double-stranded telomeric DNA (LaTEL) as probe. Protein:DNA 
complexes were separated in a 4% PAGE in 1X TBE. EMSA was done 
with E. coli BL21 protein extract (lane 2), recombinant full length LaTRF 
(lanes 3-6) and a mutant bearing the C-terminal Myb domain (lanes 7-
9). A supershift assay was done with anti-LaTRF serum (lane 6). Assays 
were also done in the presence of 20 fold excess of non-labeled LaTEL 
as specific competitor (lanes 4 and 8) or 100 fold excess of double-
stranded non-specific poly [dI-dC] [dI-dC] DNA (lanes 5 and 9). In lane 
1, no protein was added to the binding reaction. The original gel image 
and its content are shown as additional file 2: Figure S1.
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excess unlabeled LaTEL (Fig 5, lane 3) and no competi-
tion was detected in the presence of non-specific DNA
(Fig 5, lane 4). The results presented above suggest that
recombinant LaTRF binds LaTEL potentially via the
putative Myb-like DNA binding domain indicating a role
for the C-terminal region of LaTRF in mediating
sequence-specific binding to telomeric DNA.

Nuclear extracts were obtained from log phase L. ama-
zonensis promastigotes in order to check if native LaTRF
was also able to bind double-stranded telomeric DNA
(LaTEL) in vitro, (Fig 6). The results showed the presence
of LaTRF activity in these extracts, as part of the complex
formed with the nuclear proteins and LaTEL (Fig 6, lane
2) was supershifted by the anti-LaTRF serum (Fig 6, lane
6). In addition, competition assays showed that this com-
plex was unaffected by excess of poly [dI-dC] [dI-dC] (Fig
6, lane 3), used as the non-specific competitor, but it was
almost completely abolished in the presence of excess
unlabeled LaTEL (Fig 6, lane 4). Supershift experiments

using anti-LaTRF serum were done in the presence of
competitor to confirm that LaTRF was actually involved
in the formation of the retarded band (Fig 6, lane 5). Note
that the retarded shifted band disappeared due to the
competition by non-labeled LaTEL. Thus, these results
indicate that LaTRF is in part responsible for the binding
activity shown in these extracts and is probably a compo-
nent of the Leishmania telomeric complex.

Chromatin immunoprecipitation experiments also sug-
gested that LaTRF is a telomeric protein. The anti-LaTRF
serum immunoprecipitated L. amazonensis telomeric
DNA (Tel1) in vivo (Fig 7 - left) but did not immunopre-
cipitate the GT-rich kinetoplast DNA (kDNA) (Fig 7 -
right). The kDNA control represented by the UMS (uni-
versal mini-circle sequence) albeit GT-rich, is very repre-
sentative of the general base composition of Leishmania
genomic DNA. In addition, it is a good control, since we
were able to show that it was co-immunoprecipitated by
two other Leishmania telomeric protein [17,23]. In a pre-
vious study, we described LaTBP1, a protein that specifi-
cally binds telomeric and GT-rich DNA in Leishmania.

Figure 5 Supershift and competition assays confirm that recom-
binant full length LaTRF bind in vitro double-stranded telomeric 
DNA. Electrophoretic mobility shift assays (EMSA) were done using ra-
diolabeled double-stranded telomeric DNA (LaTEL) as probe. Pro-
tein:DNA complexes were separated in a 4% PAGE in 1X TBE. EMSA was 
done with recombinant full length LaTRF and anti-LaTRF serum in the 
absence (lane 2) and in the presence of 20 fold excess of non-labeled 
LaTEL as specific competitor (lane 3) or 100 fold excess of double-
stranded non-specific DNA (poly [dI-dC] [dI-dC]) as non specific com-
petitor (lane 4). In lane 1 reaction was done in the presence of LaTEL 
only.

Figure 6 Nuclear extracts obtained from L. amazonensis promas-
tigotes contain LaTRF bind activity. Electrophoretic mobility shift as-
says (EMSA) were done using radiolabeled double-stranded telomeric 
DNA (LaTEL) as probe. Protein:DNA complexes were separated in a 4% 
PAGE in 1X TBE. In lanes 2-6, EMSA was done with nuclear extracts ob-
tained from L. amazonensis promastigotes. In lane 2, the reaction was 
done in the absence of competitors. In lanes 3 and 4, binding reactions 
were done respectively, in presence of 100 fold excess of double-
stranded non-specific DNA (poly [dI-dC] [dI-dC]) and 20 fold excess of 
non-labeled LaTEL. In lane 5, a supershift assay was done with anti-La-
TRF serum and in the presence of 20 fold excess of non-labeled LaTEL 
and in lane 6, the supershift assay shown in lane 5 was done in the ab-
sence of competitors.
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LaTBP1 has a centrally positioned Myb-like DNA binding
domain and is most likely a non-telobox protein that is
apparently related to the multifunctional yeast RAP1
telomeric protein and TFIIIB B" transcription factor [17].
Together with the putative LaTRF described here, these
are the only descriptions of proteins bearing a Myb-like
DNA binding domain that interact with double-stranded
telomeric DNA in Leishmania.

As mentioned here and elsewhere [26], the huge evolu-
tionary distance between this protozoan and higher
eukaryotes presents a barrier when searching for protein
homologues in the genomes of these parasites. For exam-
ple, no TRF1 homologues were found in trypanosomatid
genomes but the expression of hTRF1 in procyclic forms
of T. brucei caused telomere shortening and cell cycle
arrest, probably by displacing an unknown endogenous
telomeric factor [29]. RNAi knockdown of TbTRF
arrested bloodstream cells in G2/M and most of the pro-
cyclic cells in the S phase, and caused shortening of G-
rich single-stranded telomeric DNA. These findings sug-
gest that TbTRF is probably the unknown endogenous
telomeric factor, which resembles the function of mam-
malian TRF2 at parasite telomeres [24]. The functions of
LaTRF at Leishmania telomeres remain to be determined.

Conclusions
In this report we describe the characterization of the
Leishmania TRF homologue and show that it is the larg-
est TRF protein homologue described so far. This protein
contains a canonical C-terminal Myb-like DNA binding
domain as well as a putative and less conserved TRFH
dimerization domain [30]. In addition, LaTRF is
expressed exclusively in the nucleus and like its vertebrate
and trypanosome counterparts, binds to parasite telom-
eres in vitro and in vivo. It can also co-localize with para-
site telomeres, despite being spread all over the
nucleoplasm in most cells, suggesting that LaTRF may

play additional cellular roles beyond its possible telo-
meric function.

Methods
Parasite cultures
L. amazonensis promastigotes (MHOM/BR/73/M2269)
were grown in M199 medium (Cultilab) supplemented
with 10% fetal calf serum (Cultilab), 25 mM HEPES and 1
× antibiotic/antimycotic solution (Cultilab) at 28°C.

Isolation of L. amazonensis genomic DNA and cloning of 
the LaTRF gene
Total genomic DNA of L. amazonensis was prepared as
previously described [31]. LaTRF was cloned using a
PCR-based strategy. Primers were designed based on the
putative sequence LM16.2.Contig67 from L. major
(GeneDB_Lmajor LmjF18.1250) for amplification of the
complete LaTRF open reading frame (ORF) (See addi-
tional file 2: Table S1). The PCR product spanning the
entire L. amazonensis TRF ORF (2,391 bp) was obtained
by using the primers F1 and R1 and 1U of Platinum Taq
(Invitrogen) followed by cloning into the pCR® 2.1 cloning
vector (Invitrogen). The PCR product was sequenced
using specific primers and primers from the vector (See
additional file 2: Table S1). The primers F1 and R1 con-
tained restriction sites for NdeI and XhoI (See additional
file 2: Table S1) to allow further cloning of the gene in-
frame with a N-terminal 6× His-tag into plasmid pET-
28a+ (Novagen).

Amino acid sequence alignments were done with
blastp, bl2seq, cds http://blast.ncbi.nlm.nih.gov/Blast.cgi
and ClustalW http://www.ebi.ac.uk/clustalw/ using
default parameters. The sequences used for these analy-
ses were: hTRF2 (GenBank acc. no. Q15554), hTRF1
(GenBank acc. no. P54274.2), TbTRF (GenBank acc. no.
AY910010), putative LmTRF (TrEMBL acc. no.
Q4QDR7, GeneDB_Lmajor LmjF18.1250), TcTRF
(GenBank acc. no. XP_819954.1), LiTRF (GenBank acc.
no. XP_001464939.1) and LbTRF (GenBank acc. no.
XP_001564056.1). The L. amazonensis LaTRF gene
sequence was submitted to GenBank and is available
under the accession number EF559263.

Construction of an LaTRF deletion mutant (LaTRFMyb)
To verify the existence of a Myb-like DNA-binding
domain at the C-terminus of the protein, a deletion
mutant was constructed. The primers F3 and R1 (See
additional file 2: Table S1) were used to amplify the dele-
tion mutant LaTRFMyb from genomic DNA, which con-
tained the putative C-terminal Myb-like DNA binding
domain. This mutant has approximately 665 bp that span
nt 1726-2391. As with full length LaTRF, the LaTRFMyb

mutant was cloned into the pCR® 2.1 cloning vector

Figure 7 LaTRF interacts with telomeric DNA in vivo. Chromatin 
immunoprecipitation (CHIP) of mid-log phase promastigotes cells us-
ing anti-LaTRF. Control experiments were done with chromatin immu-
noprecipitated in the presence of pre-immune serum and without 
serum (mock). Total DNA (input) corresponds to 10% and 1% of the 
amount of DNA in 108 cells cross-linked with the chromatin. Slot-blots 
were hybridized with 5' end-labeled Tel1 probe (left) and re-hybridized 
with the kDNA probe (right).

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ebi.ac.uk/clustalw/
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=Q15554
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=P54274.2
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=AY910010
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=XP_819954.1
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=XP_001464939.1
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=XP_001564056.1
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=EF559263
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(Invitrogen), sequenced and subcloned into a pET28a+
expression vector.

Expression of LaTRF and the deletion mutant LaTRFMyb 

proteins in E. coli
Full length LaTRF and the deletion mutant LaTRFMyb-
cloned into a pET 28a+ vector, were transformed in E.
coli strain BL21 DE3 RP codon plus cells for expression in
the presence of 1 mM IPTG. Both proteins were
expressed in low amounts and in non-soluble form, pre-
venting them from being purified by affinity chromatog-
raphy based on the 6× His-tag. To overcome this
problem, the non-soluble bacterial pellets containing
both proteins were solubilized in 7 M urea, sonicated in
the presence of 10 U of DNAse I (Sigma) and renatured
by dialysis in 50 mM glycine, pH 8.0. The presence of
each protein in the extracts was checked by electrophore-
sis in 10% SDS-PAGE followed by Western blot probed
with anti-LaTRF serum and with an anti-His tag mono-
clonal antibody (Novagen).

Preparation of L. amazonensis total and nuclear extracts
Promastigotes in mid-exponential growth were used to
obtain both extracts. Nuclear and cytoplasmic extracts
were prepared with a Nuclear Extract Kit (Active Motif )
adapted for L. amazonensis promastigotes in the pres-
ence of phosphatase and protease inhibitors.

Total protein extracts were obtained using RIPA buffer
(150 mM Tris-HCl pH 7.5, 150 mM NaCl, 1% Triton X-
100 and 0.1% SDS) in the presence of 10 U of DNase I and
1X protease inhibitor cocktail (Calbiochem) and incu-
bated for 15 min at 4°C. Cell lysates were homogenized by
vortexing at maximum speed (5 bursts of 10 s each).
Extracts were cleared by centrifugation at 9,300 ×g for 8
min at 4°C, to separate the total protein (supernatant)
from the cellular debris (pellet).

Both extracts were stored at -80°C and their protein
concentrations were measured by the Bradford dye-bind-
ing assay, using bovine serum albumin as standard.

Western blot analysis
Different protein extracts obtained from 107 parasites
were separated by SDS-PAGE on 10% polyacrylamide
gels and transferred to nitrocellulose membranes (BIO-
RAD) in Tris-glycine-methanol at 16°C. The membranes
were probed with rabbit anti-TRF2 serum raised against
the synthetic peptide Nt-APAVTTRKRPRSSDSP-Ct
(Sigma). The extracts were also probed with anti-LaRPA-
1 serum as a control [23,32]. In both cases, immunoreac-
tive bands were revealed by using an Amplified Alkaline
Phosphatase Immun-Blot Assay Kit, according to the
manufacturer's instructions (BIO-RAD).

Indirect immunofluorescence combined with Telomere 
PNA FISH (fluorescence in situ hybridization)
This assay was performed using previously described
protocols [32,33] with minor modifications. For IF, 106

promastigotes cells were washed in 1X PBS and fixed in
1% formaldehyde for 5 min at 4°C. After permeabilization
with 0.1% Triton X-100 (in 1X PBS) for 10 min at room
temperature, cells were incubated with 0.1 M Glycine (in
1X PBS) and attached to glass coverslips coated with 0.1%
poly-L-Lysine (Sigma). Anti-LaTRF serum was used to
detect LaTRF with Alexa Fluor 555-labeled goat anti-rab-
bit IgG (Invitrogen) as the secondary antibody followed
by telomere detection using a Telomere PNA FISH Kit/
FITC (DakoCytomation). VECTASHIELD® Mounting
Medium with DAPI (Vector Labs) was used as the anti-
fade mounting solution and to stain nuclear and kineto-
plast DNA. The images were analyzed with a Nikon 80i
fluorescence microscope and captured with a digital
camera (Nikon). When necessary, images were superim-
posed using NIS elements software (v. Br 2.30).

EMSA (electrophoretic mobility shift assay)
All of the conditions for binding reactions and EMSA,
including binding temperature, protein concentrations in
the extracts and the double-stranded DNA probe
(LaTEL), were standardized in preliminary experiments.
LaTEL was constructed by using the γ [32P]ATP 5'-end-
labeled oligonucleotides ssTel78G and ssTel78C, as
described by Lira et al. [17]. Assays were done by mixing
10 μg of renatured bacterial extracts containing full
length LaTRF or LaTRFMyb with approximately 2 pmol of
labeled probe (LaTEL) in 30 μl of EMSA buffer (20 mM
HEPES, 2.5 mM MgCl2, 0.1 mM EDTA, 0.1 M KCl, 10%
glycerol, 0.5 mM DTT, pH 8.0) containing 10 ng of poly
[dI-dC] [dI-dC] and 10 ng of poly [dA-dT] [dA-dT]. Total
protein extracts of non-transformed E. coli were used as
controls. The reactions were incubated for 30 min at
room temperature and loaded onto a non-denaturing 4%
polyacrylamide gel (acrylamide:bis-acrylamide, 19:1, w/
w) in 1X TBE. After electrophoresis, the gels were
exposed to X-ray film.

Binding reactions were also done with crude nuclear
extracts obtained from 108 parasites (~2.3 μg of total pro-
teins) and γ [32P]ATP labeled LaTEL (2 pmol) in EMSA
buffer containing a mixture of 10 ng of poly [dI-dC] [dI-
dC] and 10 ng of poly [dA-dT] [dA-dT].

Competition assays to test the binding specificity of pro-
teins in both recombinant and nuclear extracts, were done
using 20 fold excess of unlabeled LaTEL (in relation to the
labeled probe) as the specific competitor and a 100 fold
excess (in relation to the labeled probe) of unlabeled dou-
ble-stranded DNA poly [dI-dC] [dI-dC] as the non-specific
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competitor. Supershift assays were done using full-length
recombinant LaTRF (10 μg) or native nuclear extracts from
108 parasites in the presence of ~30 μg of anti-LaTRF
serum in EMSA buffer containing labeled LaTEL as probe
and both poly [dI-dC] [dI-dC] and poly [dA-dT] [dA-dT]
as above described. These assays were also performed in
the presence of 20 fold excess of non-labeled LaTEL and
100 fold excess of poly [dI-dC] [dI-dC] as described above.

Chromatin immunoprecipitation
Formaldehyde cross-linked chromatin was obtained from
promastigote forms of L. amazonensis parasites (0.8 × 108

cells/experiment) as described by Lira et al. [17]. Chro-
matin was immunoprecipitated with anti-LaTRF serum
and DNA was extracted after cross-link reversal. DNA
samples were slot-blotted and hybridized with Tel1 and
kDNA probes by using a previously established protocol.
Aliquots of 1% and 10% of total DNA used in each exper-
iment (input) were tested separately. Control assays
included immunoprecipitation of chromatin with pre-
immuneserum (pre-immune) or without serum (mock).
The probes used were 5'-end labeled with γATP [32P]:
Tel1 (5'TTAGGG-3')3 and kDNA (5'-TTTCGGCTCG-
GGCGGTGAAAACTGGGGGTTGGTGTAAAAT-3'),
according to Lira et al. [17].

Additional material

Authors' contributions
MSS performed molecular cloning techniques, designed the deletion mutant,
produced recombinant proteins, participated in the sequence alignment anal-
ysis, standardized the IF/FISH assays and has been involved in drafting the
manuscript. AMP participated in the production of recombinant proteins, per-
formed in vitro binding assays and has also been involved in drafting the man-
uscript. RCVS and CEM obtained native protein extracts and performed

Western blots and chromatin immunoprecipitation assays. JLSN helped MSS
with the cloning strategies, IF/FISH experiments and designed the peptide
used to generate anti-LaTRF serum. LHFJ collaborated in outlining some exper-
imental strategies and has been involved in the manuscript revision contribut-
ing with important intellectual content. MINC coordinated and designed most
of the experiments as well as the strategies used in the manuscript, has men-
tored MSS, AMP, RCVS and CEM, who have also contributed during discussions
of the results. MINC critically read and reviewed the manuscript for its publica-
tion. All authors read and approved the final manuscript.

Acknowledgements
The authors thank Drs. S. Hyslop and J.P. Monteiro for revising the English ver-
sion of the manuscript. This work was supported by FAPESP (06/58175-7) and 
CNPq (481850/2008). MSS is supported by an undergraduate studentship from 
FAPESP. AMP is supported by a doctoral studentship from FAPESP. RCVS and 
CEM are respectively supported by doctoral and master studentships from 
CNPq (Brazil).

Author Details
1Telomeres Laboratory, Department of Genetics, Biosciences Institute, 
Universidade Estadual Paulista Júlio de Mesquita Filho, UNESP, Botucatu, SP, 
Brazil and 2Center for Neglected Diseases Drug Discovery (CND3), Institut 
Pasteur Korea, Gyeonggi-do, South Korea

References
1. Barral A, Pedral-Sampaio D, Grimaldi Junior G, Momen H, Mcmahon-Pratt 

D, Ribeiro de Jesus A, Almeida R, Badaro R, Barral-Netto M, Carvalho EM, 
Johnson Junior WD: Leishmaniasis in Bahia, Brazil: evidence that 
Leishmania amazonensis produces a wide spectrum of clinical disease.  
Am J Trop Med Hyg 1991, 44(5):536-546.

2. Murray HW, Berman JD, Davies CR, Saravia NG: Advance in leishmaniasis.  
Lancet 2005, 366(9496):1561-1577.

3. Cruz I, Nieto J, Morenot J, Canavate C, Desjeux P, Alvar J: Leishmania /HIV 
co-infections in the second decade.  Indian J Med Res 2006, 
123(3):357-388.

4. Ouellette M, Olivier M, Sato S, Papadopoulou B: Studies on the parasite 
Leishmania in the post-genomic era.  Med Sci 2003, 19(10):900-909.

5. Cano MIN: Telomere biology of trypanosomatids: more questions than 
answers.  Trends Parasitol 2001, 17(9):425-429.

6. Blackburn EH: Telomeres and telomerase: their mechanisms of action 
and the effects of altering their functions.  FEBS Lett 2005, 
579(4):859-862.

7. de Lange T: Shelterin: the protein complex that shapes and safeguards 
human telomeres.  Genes Dev 2005, 19(18):2100-2110.

8. Longhese MP: DNA damage response at functional and dysfunctional 
telomeres.  Genes Dev 2008, 22(2):125-140.

9. Dimitriev PV, Petrov AV, Dontsova OA: Yeast telosome complex: 
components and their functions.  Biochemistry (Mosc) 2003, 
68(7):718-734.

10. Liu D, O'Connor MS, Qin J, Songyang Z: Telosome, a mammalian 
telomere-associated complex formed by multiple telomeric proteins.  J 
Biol Chem 2004, 279(49):51338-51342.

11. Broccoli D, Chong L, Oelmann S, Fernald AA, Marziliano N, van Steensel B, 
Kipling D, Le Beau MM, de Lange T: Comparison of the human and 
mouse genes encoding the telomeric protein, TRF1: chromosomal 
localization, expression, and conserved protein domains.  Hum Mol 
Genet 1997, 6(1):69-76.

12. Cooper JP, Nimmo ER, Allshire RC, Cech TR: Regulation of telomere 
length and function by a Myb-domain protein in fission yeast.  Nature 
1997, 385(6618):744-747.

13. Bilaud T, Koering CE, Binet-Brasselet E, Ancelin K, Pollice A, Gasser SM, 
Gilson E: The telobox, a Myb-related telomeric DNA binding motif 
found in proteins from yeast, plants and human.  Nucleic Acids Res 1996, 
24(7):1294-1303.

14. Vassetzky NS, Gaden F, Brun C, Gasser SM, Gilson E: Taz1p and Teb1p, two 
telobox proteins in Schizosaccharomyces pombe, recognize different 
telomere-related DNA sequences.  Nucleic Acids Res 1999, 
27(24):4687-4694.

Additional file 1 Figure S1. Original and unmanipulated gel image 
shown in figure 4. EMSA done with radiolabeled double-stranded telo-
meric DNA (LaTEL) as probe. Protein:DNA complexes were separated in a 
4% PAGE in 1X TBE. In lane 1, no protein was added to the binding reaction. 
In lane 2, EMSA was done with E. coli BL21 protein extract. In lane 3, EMSA 
was done with recombinant full length LaTRF. In lane 4, EMSA was done 
with recombinant full length LaTRF in the presence of 20 fold excess of 
non-labeled LaTEL as specific competitor. In lane 5, no protein was added 
to the binding reaction (as in lane 1). In lane 6, EMSA was done with recom-
binant full length LaTRF in the presence of 100 fold excess of double-
stranded non-specific poly [dI-dC] [dI-dC] DNA. In lane 7, EMSA was done 
with recombinant full length LaTRF in the presence of anti-LaTRF serum 
(supershift assay). Please check the supershifted complex at the top of the 
lane. In lane 8, EMSA was done with the mutant recombinant protein bear-
ing the C-terminal Myb domain. In lane 9, EMSA was done with the mutant 
recombinant protein bearing the C-terminal Myb domain in the presence 
of 20 fold excess of non-labeled LaTEL. In lane 10, the same experiment 
shown in lane 9. In lane 11, EMSA was done with the mutant recombinant 
protein bearing the C-terminal Myb domain in the presence of 100 fold 
excess of double-stranded non-specific poly [dI-dC] [dI-dC] DNA. In lane 12, 
the same supershift assay shown in lane 7.
Additional file 2 Table S1 Primers used for PCR amplification and 
sequencing of the putative L. amazonensis TRF gene and the deletion 
mutant LaTRFMyb. Table containing a list of the primers used for PCR and 
sequencing assays

Received: 18 July 2009 Accepted: 7 May 2010 
Published: 7 May 2010
This article is available from: http://www.biomedcentral.com/1471-2180/10/136© 2010 da Silva et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Microbiology 2010, 10:136

http://www.biomedcentral.com/1471-2180/10/136
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2063957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16778317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11530354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15680963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16166375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18198332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12946253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15383534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9002672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9034194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8614633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10572167
http://www.biomedcentral.com/content/supplementary/1471-2180-10-136-S1.PNG
http://www.biomedcentral.com/content/supplementary/1471-2180-10-136-S2.DOC


da Silva et al. BMC Microbiology 2010, 10:136
http://www.biomedcentral.com/1471-2180/10/136

Page 9 of 9
15. Zhong Z, Shiue L, Kaplan S, de Lange T: A mammalian factor that binds 
telomeric TTAGGG repeats in vitro.  Mol Cell Biol 1992, 12(11):4834-4843.

16. Smogorzewska A, de Lange T: Regulation of telomerase by telomeric 
proteins.  Annu Rev Biochem 2004, 73:177-208.

17. Lira CBB, Siqueira Neto JL, Khater L, Cagliari TC, Peroni LA, Reis JRR, Ramos 
CHI, Cano MIN: LaTBP1: a Leishmania amazonensis DNA-binding protein 
that associates in vivo with telomeres and GT-rich DNA using a myb-
like domain.  Arch Biochem Biophys 2007, 465(2):399-409.

18. Broccoli D, Smogorzewska A, Chong L, de Lange T: Human telomeres 
contain two distinct Myb-related proteins, TRF1 and TRF2.  Nature Gen 
1997, 17(2):231-235.

19. Court R, Chapman L, Fairall L, Rhodes D: How the human telomeric 
proteins TRF1 and TRF2 recognize telomeric DNA: a view from high-
resolution crystal structures.  EMBO Rep 2005, 6(1):39-45.

20. Opresko PL, von Kobbe C, Laine JP, Harrigan J, Hickson ID, Bohr VA: 
Telomere-binding protein TRF2 binds to and stimulates the Werner 
and Bloom syndrome helicases.  J Biol Chem 2002, 277(43):41110-41119.

21. Takai H, Smogorzewska A, de Lange T: DNA damage foci at 
dysfunctional telomeres.  Curr Biol 2003, 13(17):1549-1556.

22. Celli GB, de Lange T: DNA processing is not required for ATM-mediated 
telomere damage response after TRF2 deletion.  Nat Cell Biol 2005, 
7(7):712-718.

23. Lira CBB, Giardini MA, Siqueira Neto JL, Conte FF, Cano MIN: Telomere 
biology of trypanosomatids: beginning to answer some questions.  
Trends Parasitol 2007, 23(8):357-362.

24. Li B, Espinal A, Cross GAM: Trypanosome telomeres are protected by a 
homologue of mammalian TRF2.  Mol Cell Biol 2005, 25(12):5011-5021.

25. Giardini MA, Lira CBB, Conte FF, Camillo LR, Siqueira Neto JL, Ramos CHI, 
Cano MIN: The putative telomerase reverse transcriptase component of 
Leishmania amazonensis: gene cloning and characterization.  Parasitol 
Res 2006, 98(5):447-454.

26. Stevens JR, Gibson W: The molecular evolution of trypanosomes.  
Parasitol Today 1999, 15(11):432-437.

27. Mao Z, Seluanov A, Jiang Y, Gorbunova V: TRF2 is required for repair of 
nontelomeric DNA double-strand breaks by homologous 
recombination.  Proc Nat Acad Scienc USA 2007, 104(32):13068-13073.

28. Fotiadou P, Henegariu O, Sweasy JB: DNA Polymerase ß Interacts with 
TRF2 and induces telomere dysfunction in a murine mammary cell 
line.  Cancer Res 2004, 64(11):3830-3837.

29. Munoz-Jordan JL, Cross GAM: Telomere shortening and cell cycle arrest 
in Trypanosoma brucei expressing human telomeric repeat factor TRF1.  
Mol Biochem Parasitol 2001, 114:169-181.

30. Fairall L, Chapman L, Moss H, de Lange T, Rhodes D: Structure of the 
TRFH dimerization domain of the human telomeric proteins TRF1 and 
TRF2.  Mol Cell 2001, 8(2):351-361.

31. Cotrim PC, Paranhos GS, Mortara RA, Wanderley J, Rassi A, Camargo MA, 
da Silveira JF: Expression in Escherichia coli of a dominant immunogen 
of Trypanosoma cruzi recognized by human chagasic sera.  J Clin 
Microbiol 1990, 28(3):519-524.

32. Neto JL, Lira CB, Giardini MA, Khater L, Perez AM, Peroni LA, dos Reis JR, 
Freitas-Junior LH, Ramos CH, Cano MI: Leishmania replication protein A-1 
binds in vivo single-stranded telomeric DNA.  Biochem Biophys Res 
ommun 2007, 358(2):417-23.

33. Forsythe GR, McCulloch R, Hammarton TC: Hydroxyurea-induced 
synchronisation of bloodstream stage Trypanosoma brucei.  Mol 
Biochem Parasitol 2009, 164(2):131-136.

doi: 10.1186/1471-2180-10-136
Cite this article as: da Silva et al., The Leishmania amazonensis TRF (TTAGGG 
repeat-binding factor) homologue binds and co-localizes with telomeres 
BMC Microbiology 2010, 10:136

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1406665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15189140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17678615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15608617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12181313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12956959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15968270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17580124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15923618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16416120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10511684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15172990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11378197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11545737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1691209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19150633


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


