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ABSTRACT 14 

Acetylation is a ubiquitous protein modification present in prokaryotic and eukaryotic cells that 15 

participates in the regulation of many cellular processes. The bromodomain is the only domain 16 

known to bind acetylated lysines. In the last years many bromodomain inhibitors have been 17 

developed in order to treat diseases caused by aberrant acetylation of lysine residues and have 18 

been tested as anti-parasitic drugs. Here, we report the first characterization of T. cruzi 19 

Bromodomain Factor 1. TcBDF1 is expressed in all life cycle stages but it is developmentally 20 

regulated. It localizes in the glycosomes directed by a PTS2 sequence. The overexpression of 21 

TcBDF1 wild type is detrimental for epimastigotes, but it enhances the infectivity rate of 22 

trypomastigotes and the replication of amastigotes. On the other hand, the overexpression of a 23 

mutated version of TcBDF1 has no effect on epimastigotes, but it does negatively affect on 24 

trypomastigotes’ infection and amastigotes’ replication. 25 

SUMMARY STATEMENT 26 

We characterized Bromodomain Factor 1 from Trypanosoma cruzi, a developmentally regulated 27 

protein that localizes in the glycosomes of epimastigotes. The overexpression of TcBDF1 wild 28 

type is detrimental for epimastigotes but favours trypomastigotes infection, while mutant 29 

TcBDF1 diminishes the infectivity rate. 30 
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INTRODUCTION 35 

Lysine acetylation is a reversible and highly regulated posttranslational modification that is 36 

known to play a key role in regulating transcription and other DNA-dependent nuclear processes 37 

(1). Recently, advancement in mass spectrometry allowed characterization of the acetylomes in 38 

bacteria (2-10), yeast (11), the protozoan parasites Toxoplasma gondii (12) and Plasmodium 39 

falciparum (13), plants (14), Drosophila melanogaster (15), rat (16), and human cells (1, 17-18). 40 

These acetylomes consisted of hundreds to thousands of acetylated proteins distributed among 41 

the different cellular compartments and involved in several processes such as: transcription, 42 

translation, cellular cycle progression, apoptosis, stress response and metabolism. One of the 43 

most surprising findings has been that metabolic enzymes are highly represented among the 44 

acetylomes. This suggested that changes in acetylation status might alter enzymatic activity to 45 

allow the cell to respond to changes in metabolic demands by adjusting flux through critical 46 

nodes in the relevant pathways (19). Furthermore, the effects of acetylation appear to be 47 

coordinated to simultaneously shunt metabolic flux down specific pathways and away from 48 

others. These efforts have uncovered a stunning complexity of the acetylome that potentially 49 

rivals that of the phosphoproteome. The remarkably ubiquitous and conserved nature of protein 50 

acetylation revealed by these studies suggests the regulatory power of this dynamic modification.     51 

The bromodomain is the only known protein domain involved in the recognition of acetylated 52 

lysines. It represents an evolutionarily conserved module, present mostly in nuclear proteins. It 53 

has an atypical left-handed four-helix bundle connected by two loops that form the surface 54 

accessible hydrophobic pocket where the acetyl-lysine binding site is located. Bromodomains are 55 

present in many transcription factors and chromatin regulators, also they can interact with other 56 

proteins in an acetylation-dependent manner and form multisubunit complexes (20). We have 57 

previously described in Trypanosoma cruzi a nuclear bromodomain (TcBDF2), which binds 58 

H4K10 and H4K14 (21); and a cytoplasmic bromodomain (TcBDF3), which interacts with 59 

acetylated a-tubulin (22). 60 

The trypanosomatid parasites Leishmania spp., Trypanosoma brucei and Trypanosoma cruzi (also 61 

known as “TriTryps”) are a group of early divergent flagellated protozoa that cause severe 62 

diseases in humans including leishmaniasis, sleeping sickness and Chagas disease. They 63 

constitute important public health problems in developing countries due to the lack of vaccines 64 

and modern therapies (http://www.who.int/). The glycosome is a peroxisome-like organelle 65 

specific to trypanosomatids. It contains the first six or seven glycolytic enzymes together with 66 

some auxiliary pathways apparently involved in the reoxidation of NADH and in the regeneration 67 

of the ATP consumed in the activation of the glucose molecule (23-24). In addition, the glycosome 68 

may harbor other enzymatic systems such as: fatty acid β-oxidation (25), sterol synthesis (26-27) 69 

and isoprenoids synthesis, among others.  70 

http://www.who.int/
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Genes of glycosomal and peroxisomal proteins are encoded in the nucleus necessitating 71 

organellar protein import in a posttranslational fashion. This import requires a routing signal. 72 

Two main topogenic signals (peroxisome-targeting signal or PTS) that direct the matrix proteins 73 

have been described and are well conserved between species. Most of these proteins use a PTS1, 74 

a tripeptide motif present at their C-terminus, which is recognized by cytosolic peroxisome-75 

import receptor called peroxin 5 (PEX5). The general consensus sequence of PTS1 is [SAC]-76 

[KRH]-[LM]. The PTS2 consensus sequence, M-x0,20-[RK]-[LVI]-x5-[HKQR]-[LAIVFY], is a 77 

nonapeptide that resides near the N-terminus (28), and it is recognized by PEX7. Other proteins 78 

are imported upon recognition of a polypeptide-internal signal (I-PTS) (29). 79 

Here, we describe the characterization of Bromodomain Factor 1 from Trypanosoma cruzi 80 

(TcBDF1), one of the few bromodomain-containing proteins reported outside the nucleus. 81 

TcBDF1 is expressed in all life cycle stages but it is developmentally regulated, being more 82 

abundant in the infective form (trypomastigotes) than in the replicative forms (epimastigotes 83 

and amastigotes). TcBDF1 localizes in the glycosomes and it possesses a PTS2 responsible of its 84 

import. The overexpression of TcBDF1 wild type is deleterious for epimastigotes growth and in 85 

vitro differentiation to metacyclic trypomastigotes, however it increases trypomastigotes 86 

infection of Vero cells and amastigotes duplication. On the other hand, when we overexpress a 87 

mutant version of TcBDF1, the infectivity of trypomastigotes decreases, but it causes no 88 

alteration to epimastigotes replication. 89 

MATERIALS AND METHODS 90 

Parasites. 91 

T. cruzi epimastigote forms (Cl Brener) were cultured at 28°C in liver infusion tryptose (LIT) 92 

medium (5 g/L liver infusion, 5 g/L bacto-tryptose, 68 mM NaCl, 5.3 mM KCl, 22 mM Na2HPO4, 93 

0.2% (w/v) glucose and 0.002% (w/v) hemin) supplemented with 10% (v/v) heat-inactivated 94 

FCS, 100 U/ml penicillin and 100 mg/l streptomycin. Cell viability was assessed by direct 95 

microscopic examination.  96 

Cell culture and infections. 97 

Vero cells were cultured in DMEM medium (Life Technologies), supplemented with 2 mM L-98 

glutamine, 10% FCS, 100 U/ml penicillin and 100 μg/ml streptomycin.  99 

Metacyclic trypomastigotes were obtained by spontaneous differentiation of epimastigotes at 100 

28°C. Cell-derived trypomastigotes were obtained by infection with metacyclic trypomastigotes 101 

of Vero cell monolayers. After two rounds of infections, the cell-derived trypomastigotes were 102 

used for the infection and intracellular amastigotes proliferation experiments. Trypomastigotes 103 

were collected by centrifugation of the supernatant of previously infected cultures at 2,000 x g at 104 

room temperature for 10 minutes and incubated for 3 hours at 37°C in order to allow the 105 

trypomastigotes to move from the pellet into the supernatant. After this period, the supernatant 106 

was collected and trypomastigotes were counted in a Neubauer chamber. The purified 107 
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trypomastigotes were pre-incubated in the presence or absence of 0.25 μg/ml Tetracycline for 3 108 

hours and then used to infect new monolayers of Vero cells at a ratio of 20 parasites per cell in 109 

DMEM supplemented with 2% FCS. After 16 h of infection at 37°C, the free trypomastigotes were 110 

removed by successive washes with PBS. Cultures were incubated in complete medium with or 111 

without tetracycline (0.25 μg/ml) for 3 days post-infection. Cells were then fixed in methanol and 112 

the percentage of infected cells and the mean number of amastigotes per infected cell were 113 

determined by counting the slides after Giemsa staining using a Nikon Eclipse Ni-U microscope, 114 

by counting ~1000 cells per slide. The significances of the results were analyzed by a two-way 115 

ANOVA using GraphPad Prism version 6.0 for Mac. Results are expressed as means ± SEM of 116 

triplicates, and represent one of three independent experiments performed. 117 

Cloning and expression of TcBDF1. 118 

DNA purified from T. cruzi CL Brener strain was used as a template for PCR with 119 

oligonucleotides: BDF1BamHIFw (5’AAGGATCCATGACTGATTTTGTCTCTC‘3) and 120 

BDF1HAXhoIRv (5’AACTCGAGAGCATAATCCGGCACATCATACGGATAATCTCTTCTTCCTCCTCA 121 

3´) using a proofreading polymerase. PCR product was inserted into a pCR®2.1-TOPO® vector 122 

(Invitrogen) and sequenced (Maine University facility). The TcBDF1 coding region was 123 

introduced into a pENTR3C vector (Gateway® system Invitrogen) using the BamHI/XhoI 124 

restriction sites included in the oligonucleotides (underlined). It was then transferred to a 125 

destination vector pDEST17 (Gateway® system Invitrogen) by recombination using LR Clonase 126 

(Invitrogen) to express TcBDF1 as a His-tag fusion protein. This vector was transformed into 127 

Escherichia coli BL21 pLysS, and recombinant protein was obtained by expression-induction with 128 

1 mM isopropyl b-D-1-thiogalactopyranoside (IPTG), for 10 h at 37 °C. The protein was purified 129 

under denatured conditions by affinity chromatography using Ni–NTA agarose (Qiagen) 130 

following the manufacturer’s instructions. 131 

The double mutant (TcBDF1-Y102A/V109A) was constructed using a PCR-based site directed-132 

mutagenesis strategy with the following oligonucleotides: BDF1YxAFw 133 

(5´GCTACGCGGCCAATGGTGAAG’3), BDF1YxARv (5´CTTCACCATTGGCCGCGTAGC’3), BDF1VxAFw 134 

(5´GTTTCTCCAGCGGCAGCGTTG’3) and BDF1VxARv (5´CAACGCTGCCGCTGGAGAAAC’3). Both 135 

resulting PCR products obtained were used simultaneously as templates in a new PCR with 136 

BDF1BamHIFw and BDF1HAXhoIRv. The TcBDF1 double mutant coding region was inserted into 137 

a pCR®2.1-TOPO® vector (Invitrogen), sequenced (Maine University facility) and introduced 138 

into a pENTR3C vector (Gateway® system Invitrogen) using the BamHI/XhoI restriction sites 139 

included in the oligonucleotides (underlined). TcBDF1 wild type (TcBDF1wt) and TcBDF1 double 140 

mutant (TcBDF1dm) coding regions were transferred from pENTR3C vector to pTcINDEX-GW 141 

(Alonso, Ritagliati et al., 2014) by recombination using LR clonase II enzyme mix (Invitrogen).  142 

TcBDF1 fusion constructs. 143 

DNA purified from T. cruzi CL Brener strain was used as a template for PCR to amplify TcBDF1 144 

with the oligonucleotides BDF1XbaIFw (5’AATCTAGAATGACTGATTTTGTCTCTC‘3) and 145 
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BDF1SalIRv (5’AAGTCGACAATCTCTTCTTCCTCCTC´3), TcBDF1ΔN with BDF1ΔNXbaIFw 146 

(5’AATCTAGAATGAATTCCTTCTACCGTGAGTG‘3) and BDF1SalIRv, and TcBDF1PTS-2 with 147 

BDF1XbaIFw and BDF1PTS2SalIRv (5´AAGTCGACGAAGGAATTCTCCAAGTG´3) using a 148 

proofreading polymerase. PCR products were inserted into a pCR®2.1-TOPO® vector 149 

(Invitrogen) and sequenced. The coding regions were introduced into the vector pTREX-mCherry 150 

(30) using the XbaI/SalI restriction sites included in the oligonucleotides (underlined). 151 

Polyclonal antibodies. 152 

Rabbit and mouse polyclonal antisera against TcBDF1 were obtained by inoculating 153 

subcutaneously the recombinant protein emulsified in Freunds´adjuvant. Formal animal ethics 154 

approval was given for this work. Animals were housed and maintained according to institution 155 

guidelines. The animals were injected three times with 2 weeks intervals between each dose and 156 

bled two weeks after the final injection (31).  157 

Transfection of parasites. 158 

Epimastigote forms of T. cruzi CL Brener were grown at 28°C in liver infusion tryptose (LIT) 159 

medium, supplemented with 10% fetal calf serum (FCS), to a density of approximately 3 × 107 160 

cells ml -1. Parasites were harvested by centrifugation at 4,000 × g for 5 min at room temperature, 161 

washed once in phosphate-buffered saline (PBS) and resuspended in 0.4 ml of electroporation 162 

buffer pH 7.5 (140 mM NaCl, 25 mM HEPES, 0.74 mM Na2HPO4) to a density of 1 × 108 cells ml-1. 163 

Cells were then transferred to a 0.2 cm gap cuvette (Biorad) and ~50 μg of DNA were added. The 164 

mixture was placed on ice for 10 min and then subjected to 2 pulses of 450 V and 500 μF using 165 

GenePulser II (Bio-Rad, Hercules, USA). After electroporation, cells were transferred into 3 ml of 166 

LIT medium containing 10% FCS, where they were incubated at 28°C. After 24 h of incubation, 167 

the antibiotic (Hygromycin or Geneticin) was added to an initial concentration of 125 μg ml-1.  168 

Then, 72 to 96 hours after electroporation, cultures were diluted 1:10 and antibiotic 169 

concentration was doubled. Stable resistant cells were obtained approximately 20 days after 170 

transfection. The pTREXmCherry fusion transfectants were selected with Geneticin (G418; Life 171 

Technologies).  172 

For inducible expression of TcBDF1 wilt type and double mutant in the parasite, we first 173 

generated a cell line expressing T7 RNA polymerase and tetracycline repressor genes by 174 

transfecting epimastigotes with the plasmid pLew13. After selection with G418, this parental cell 175 

line was then transfected with pTcINDEX-GW constructs and transgenic parasites were obtained 176 

after 3 weeks of selection with 100 μg/ml G418 and 200 μg/ml Hygromycin B (Sigma). 177 

In vitro metacyclogenesis. 178 

To quantify the metacyclogenesis rate of the transfected lines, epimastigotes were differentiated 179 

in vitro following the procedure described by Contreras and coworkers (32) using chemically 180 

defined conditions (TAU3AAG medium). Briefly, cells were washed with PBS and incubated in 181 

TAU medium (190 mM NaCl, 17 mM KCl, 2 mM MgCl2, 2mM CaCl2, 8 mM phosphate buffer pH 6.0) 182 
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in the absence or presence of 0.25 μg/ml Tetracycline, reaching a density of 5 x 108 parasites/ml 183 

at 28°C for 2 hours. Then they were diluted 1:100 in TAU3AAG Medium (TAU medium plus 10 184 

mM Glucose, 2 mM L-Aspartic Acid, 50 mM L-Glutamic Acid and 10 mM L-Proline) and incubated 185 

at 28 °C for 72 hours, again in the absence or presence of Tetracycline. Finally, the parasites were 186 

fixed, stained with Giemsa, visualized with a Nikon Eclipse Ni-U microscope and counted using 187 

ImageJ software (33). Only parasites with a fully elongated nucleus and a round kinetoplast at the 188 

posterior portion end of the parasite were considered metacyclic forms (34). Five hundred 189 

parasites from each triplicate were counted and the experiment was repeated tree times. 190 

Trypanosoma cruzi protein extracts. 191 

Exponentially growing epimastigotes were washed twice with cold PBS, pellets were 192 

resuspended in urea lysis buffer (8 M Urea, 20 mM Hepes pH 8, 1 mM phenylmethylsulphonyl 193 

fluoride (PMSF), and Protease Inhibitor Cocktail set I, Calbiochem), incubated at room 194 

temperature for 20 minutes and boiled for 5 minutes with protein loading buffer. Insoluble 195 

debris was eliminated by centrifugation. The same procedure was applied to amastigote and 196 

trypomastigote cellular pellets. 197 

Nuclear and non-nuclear extracts were prepared from 2 x 1010 exponentially growing parasites. 198 

After washing, parasites were lysed in hypotonic Buffer A (10 mM HEPES pH 8, 50 mM NaCl, 1 199 

mM EDTA, 5 mM MgCl2, 1% v/v Nonidet P-40, 1 mM phenylmethylsulphonyl fluoride (PMSF), 10 200 

µg ml-1 aprotinin, 0.25% Triton X-100), 5% v/v glycerol was added and the pellet was collected 201 

by centrifugation. The supernatant corresponded to the non-nuclear fraction. Pellets were 202 

washed with Buffer B (10 mM HEPES pH 8, 140 mM NaCl, 1 mM EDTA, 5 mM MgCl2 5% v/v 203 

glycerol, 1 mM PMSF, 10 µg ml-1 aprotinin) and incubated for 10 min on ice. Nuclei were collected 204 

by centrifugation and resuspended in Buffer C (10 mM HEPES pH 8, 400 mM NaCl, 0.1 mM EDTA, 205 

0.5 mM DTT, 5% v/v glycerol, 1 mM PMSF, 10 µg ml-1 aprotinin), incubated for 1 h on ice and 206 

sonicated. This extraction was repeated three times and supernatants were precipitated with 207 

20% trichloroacetic acid overnight at 4 °C. 208 

Partial permeabilization by digitonin treatment. 209 

Parasites in exponential phase were collected, washed and suspended in buffer A (20 mM Tris–210 

HCl, pH 7.2 with 225 mM sucrose, 20 mM KCl, 10 mM KH2PO4, 5 mM MgCl2, 1 mM Na2EDTA and 1 211 

mM DTT) at a concentration of 1 mg ml-1 protein and fractionated in several tubes. The required 212 

amount of digitonin was added to each of these tubes (each tube contained a different digitonin 213 

concentration), and the suspensions incubated at 28 °C for 20 min before being centrifuged at 214 

14,000 x g for 2 min at 4 °C. The assayed enzymatic activities were determined in the supernatant 215 

and occasionally in the cell pellet in the presence of 0.1% (v/v) Triton X-100 and 150 mM NaCl.  216 

Subcellular fractionation by differential centrifugation. 217 

T. cruzi CL Brener epimastigotes in exponential growth phase were centrifuged for 10 min at 218 

2,000 x g, and washed twice in homogenization buffer (25 mM Tris-HCl pH 8, 1 mM EDTA, 0.25 M 219 
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sucrose, 1 mM PMSF). The parasites were grinded in a pre-chilled mortar with 1 x wet weight 220 

silicon carbide until no intact cells were observed under the light microscope. The lysate was 221 

diluted and centrifuged at 100 x g for 10 min to remove the silicon carbide. Unbroken cells, nuclei 222 

and debris were sedimented at 1,000 x g for 10 min (Fraction N). From the resulting soluble 223 

extract a large-granule fraction (LG) was separated at 5,000 x g for 15 min, a small-granule 224 

fraction (SG) at 20,000 x g for 20 min and microsomal fraction (M) at 139,000 x g for 1 h (35). All 225 

the sediments were resuspended in urea lysis buffer.  226 

Western blot analysis. 227 

For Western blots, proteins of the diverse fractions were first separated by polyacrylamide gel 228 

electrophoresis in the presence of SDS and transferred to nitrocellulose membrane. Proteins 229 

were visualized by Ponceau S staining. Membranes were treated with 10% non-fat milk in PBS 230 

for 1 h, and then with specific antibodies diluted in PBS for 3 h. Bound antibodies were detected 231 

using peroxidase labeled anti-mouse, anti-rabbit IgGs (GE Healthcare) or anti-rat IgG (Thermo 232 

Scientific) and developed using ECL Prime kit (GE Healthcare) according to manufactures 233 

protocol. 234 

The fractions obtained with the different subcellular fractionations were analyzed by Western 235 

blot with antibodies against TcBDF1 and several markers: anti-Tyrosine aminotransferase, anti-236 

Malate dehydrogenase glycosomal and mitochondrial isoforms, anti-Hexokinase, anti-237 

Bromodomain Factor 2 and anti-Bromodomain Factor 3. 238 

Immunocytolocalization. 239 

The parasites were centrifuged, washed twice in PBS, added to the poly-L-lysine coated slides 240 

and then fixed with 4% formaldehyde in PBS at room temperature for 20 min. Fixed parasites 241 

were washed with PBS and permeabilized with 0.1% Triton X-100 in PBS for 5 min. After 242 

washing with PBS, parasites were incubated with the indicated antibodies diluted in 1% BSA–243 

PBS for 1 h at room temperature. For co-localizations, both antibodies were used at the same 244 

time. The antibodies were washed with PBS and the slides incubated with anti-rabbit or anti-245 

mouse IgG antibody fluorescent conjugates. The slides were mounted with VectaShield (Vector 246 

Laboratories) in the presence of 2 µg ml-1 of DAPI in PBS. Images were acquired in a Nikon 247 

Eclipse E300 and a Nikon Eclipse TE-2000-E2 microscopes. The programs Adobe Photoshop CS 248 

Version 8.0.1. (Adobe System Incorporated) and Nikon EZ-C1 FreeViewer version 3.70 (Nikon 249 

Corporation) were used to analyze the images.  250 

Electron microscopy. 251 

Parasites were washed twice in PBS and fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer 252 

pH 7.2, for 1 h. Then, cells were washed in 0.1 M cacodylate buffer pH 7.2, and postfixed for 1 h in 253 

1% osmium tetroxide containing 0.8% potassium ferrocyanide, 5 mM CaCl2 in 0.1 M cacodylate 254 

buffer. After postfixation, cells were washed in the same buffer, dehydrated in a series of 255 

increasing acetone concentrations and embedded in Epon—first as a mixture of Epon and 256 
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acetone (1:1) and then as pure Epon. Ultrathin sections were obtained using an Ultracut Reichert 257 

Ultramicrotome and mounted on 400-mesh copper grids. Samples were stained with uranyl 258 

acetate and lead citrate and then analyzed using a Zeiss 900 transmission electron microscope. 259 

RESULTS 260 

Trypanosoma cruzi bromodomain factor 1 (TcBDF1). 261 

Trypanosoma cruzi CDS TcCLB.506247.80 codes for a 295 amino acids protein with a predicted 262 

molecular weight of 33.8 kDa and an isoelectric point of 9.18, which contains a bromodomain 263 

(pfam: PF00439) in the N-terminal half of the protein, from F30 to M120. Orthologous genes are 264 

present in other trypanosomatids, the T. brucei (Tb927.10.8150) and Leishmania mayor 265 

(LmjF.36.6880) proteins have an identity of 44% and 31% with TcBDF1 respectively (Figure 266 

S1A). The C-terminal region does not show similarity with any other sequence present in 267 

databases, and it can be divided into a portion rich in glutamines (28.5 % Q) and a portion rich in 268 

acidic amino acids, such as aspartic and glutamic acid (21.8% E+D), and serines (10.9% S). In 269 

general, these highly charged low complexity sequences are considered prone to participate in 270 

protein–protein interaction. In higher eukaryotes, bromodomains are usually found associated to 271 

other domains or enzymatic activities in the same polypeptide; however, this is not the situation 272 

with TcBDF1, nor with TcBDF2 and TcBDF3.  273 

A multiple alignment of TcBDF1 with other bromodomains (Figure S1B) revealed the typical 274 

structure of a four-helix, left-twisted bundle (36). Despite the low similarity among the aligned 275 

sequences, the amino acids previously shown to be involved in acetylated-lysine binding are 276 

conserved or conservatively substituted. 277 

TcBDF1 three-dimensional structure was predicted by I-TASSER (37) server based on homology 278 

with other known bromodomain-containing proteins and as expected, the model with the highest 279 

score presents four alfa helixes (αA, αB, αC and αZ) and two loops (ZA and BC) characteristic of 280 

bromodomains (Figure S1C). The conserved amino acids important for binding of acetyl lysine 281 

are indicated in the figure.  282 

TcBDF1 is differentially expressed throughout the life cycle. 283 

In order to evaluate TcBDF1 expression in T. cruzi, antibodies were raised against the 284 

recombinant protein and purified by affinity chromatography. After confirming the specificity of 285 

the antibodies, they were used in western blots to test TcBDF1 expression in total lysates of 286 

epimastigotes, amastigotes and trypomastigotes and in immunofluorescense assays of fixed 287 

parasites (Figure 1).  Figure 1A shows that the expression of TcBDF1 is developmentally 288 

regulated throughout T. cruzi life cycle; its expression levels are higher in trypomastigotes than 289 

in amastigotes and epimastigotes. As can be seen in Figure 1B, TcBDF1 is localized out of the 290 

nucleus in the three developmental stages.  291 

TcBDF1 is a glycosomal protein. 292 
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Several approaches were used to determine the localization of TcBDF1 in epimastigotes: three 293 

different subcellular fractionation methods followed by western blot (Figure 2) and fluorescense 294 

analysis (Figure 3). First, nuclear and non-nuclear extracts were prepared: unlike the nuclear 295 

marker, TcBDF2, which was only observed at the nuclear fraction, TcBDF1 was observed at the 296 

non-nuclear fraction (Figure 2A). Second, a subcellular fractionation by differential centrifugation 297 

was performed: TcBDF1 was present in Fraction M, enriched for glycosomes, as was confirmed 298 

using the glycosomal markers glycosomal Malate dehydrogenase (MDHg) and Hexokinase (HK) 299 

(Figure 2B). Finally, a progressive permeabilization of epimastigotes was performed in the 300 

presence of increasing amounts of digitonin. The fractions obtained at each digitonin 301 

concentration were analyzed by western blot with antibodies against TcBDF1 and several 302 

markers (Figure 2C). The release of the cytosolic markers, Tyrosine aminotransferase (TAT) and 303 

TcBDF3, was complete at about 0.08 mg digitonin mg protein -1. At this concentration the 304 

glycosomal markers, HK and MDHg, were only partially detected and their release was complete 305 

at 0.20-0.24 mg digitonin mg protein -1. The mitochondrial marker, mitochondrial Malate 306 

dehydrogenase (MDHm), was completely released at about 0.50 mg digitonin mg protein -1. 307 

TcBDF1 was partially detected at 0.16 mg digitonin mg protein -1 and its liberation was complete 308 

at 0.28 mg digitonin mg protein -1.  TcBDF1 pattern was similar to HK and MDHg patterns, both 309 

glycosomal proteins. All these results strongly suggest that TcBDF1 is located in the glycosomes. 310 

Furthermore, as can be seen in the immunofluorescense analysis (Figure 3A), TcBDF1 and 311 

Hexokinase co-localized in epimastigotes simultaneously stained with the polyclonal mouse anti-312 

TcBDF1 and rabbit anti-TcHK. In order to confirm the glycosomal localization of TcBDF1, 313 

epimastigotes were co-transfected with pTEX-GFP-PTS1 and pTREX-TcBDF1-Cherry, and the 314 

transient parasites were analyzed by confocal microscopy. As can be observed in Figure 3B, 315 

TcBDF1-Cherry co-localized with the GFP protein directed to the glycosomes by the PTS1 316 

importing signal (38). 317 

Identification of TcBDF1 PTS2 signal. 318 

The amino acids sequence of TcBDF1 was analyzed with the PeroxisomeDB server 319 

(www.peroxisomedb.org/target_signal.php) and by visual inspection. An alignment of the 320 

possible PTS2 present in TcBDF1 N-terminus with known PTS2 sequences is shown in Figure S2. 321 

PTS2 is less conserved and found in fewer peroxisomal proteins than PTS1. However, both 322 

cytosolic receptors, PEX5 and PEX7, have orthologous in all trypanosomatids.  323 

To determine if the N-terminus of TcBDF1 is responsible for its import to the glycosome, we 324 

transiently transfected epimastigotes with constructs coding the whole protein (TcBDF1), a 325 

truncated version which lacks the first 27 amino acids (TcBDF1∆N) or only the N-terminus 326 

targeting signal (TcBDF1PTS2), fused to Cherry fluorescent protein. The intracellular localization 327 

of the different fusion proteins was determined by confocal microscopy (Figure 4). While 328 

TcBDF1-Cherry shows the typical glycosomal granular pattern previously observed by 329 

immunofluorescense for TcBDF1 and Hexokinase, TcBDF1∆N-Cherry is spread throughout the 330 

cytoplasm. In the case of TcBDF1PTS2-Cherry, in addition to the punctated pattern, some 331 
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cytosolic fluorescence was also detected. The same phenomenon has been described for 332 

mammalian cells expressing the minimal PTS2 (39). As discussed by Blattner and coworkers 333 

(40), there are three possible explanations for this. One possibility is that the PTS2 sequence does 334 

not function well as a consequence of joining to Cherry; probably some conformational effects 335 

may be reducing the accessibility of the signal sequence. Secondly, it is possible that two 336 

sequences are necessary for import. A third possibility is that we are observing ‘overflow’ from 337 

the glycosomes, because the PTS2 receptors may be saturated. 338 

Inducible expression of wild type and mutant TcBDF1. 339 

In order to assess the function of TcBDF1 in Trypanosoma cruzi, parasites expressing wild type 340 

and double mutant version of TcBDF1 (here after TcBDF1dmHA) under the control of a 341 

Tetracycline-regulated promoter were obtained as described in section 2.6. The double mutant 342 

version of TcBDF1 was constructed as described in section 2.3, changing Tyr102 and Val109 for 343 

Alanine based on sequence alignments with human PCAF bromodomain (Figure S3). Homologue 344 

mutations in HsPCAF were found to disrupt the bromodomain acetyl-lysine binding capacity 345 

without altering its structure (41).  346 

Overexpression was performed using the T. cruzi inducible vector pTcINDEXGW (42). The 347 

induction of the expression by Tetracycline was tested by western blot (Figure 5A and 5B) and 348 

immunofluorescense (Figure 5C). Western blot analysis of whole-cell extracts with rat 349 

monoclonal anti-HA antibodies revealed the expression of both constructs after the addition of 350 

Tetracycline, at their expected molecular weights. No leaky expression was observed in the 351 

uninduced parasite lines (Figure 5A). The western blot with the specific antibodies against 352 

TcBDF1 shows a high degree of overexpression (~10-fold) in the induced lines (Figure 5B).  353 

TcBDF1 wild type overexpression is deleterious for epimastigotes replication and induces 354 

nuclear and glycosomal ultrastructural alterations. 355 

We monitored the effect of the overexpression on epimastigote growth by counting cell numbers 356 

daily after protein induction. Figure 6A shows a replication defect in CL Brener TcBDF1wtHA cell 357 

line that lead to growth arrest and death. These epimastigotes exhibit aberrant morphologies 358 

with multiple kinetoplasts and flagella (Figure 6B), as was already described for dysfunctional 359 

cell cycle parasites (43). When observed by electron microscopy, these induced parasites show 360 

nuclear alterations in comparison to uninduced cells (Figure 7A) such as condensation (Figure 361 

7B) followed by dispersion  (Figure 7C) of the nucleolus granular region, as well as nucleolar 362 

fragmentation (Figure 7E) and nuclear disorganization (Figure 7E). Furthermore, a hyper 363 

compactation of the chromatin situated at the nucleus periphery (Figure 7F) was observed and is 364 

compatible with an apoptotic process. Induced parasites also exhibit larger glycosomes that are 365 

less electrodense (7G-I), this can be related to higher protein levels importation. In contrast, 366 

parasites harboring TcBDF1dmHA grew at similar rates in the absence and presence of 367 

Tetracycline (Figure 6A) and presented a normal cellular ultrastructure (not shown). 368 

Effect of TcBDF1 overexpression on in vitro metacyclogenesis. 369 
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In vitro metacyclic trypomastigotes were produced from epimastigotes using TAU medium, in the 370 

absence (-Tet) or presence (+Tet) of Tetracycline. TcBDF1dmHA overexpression had no effect on 371 

the differentiation to trypomastigotes, whereas TcBDF1wtHA strain showed a meaningful 372 

decrease of metacyclogenesis, probably due to its deleterious effect in epimastigotes (Figure 8). 373 

TcBDF1 wild type enhances the infectivity of trypomastigotes. 374 

To study the importance of TcBDF1 expression in trypomastigotes´ infectivity and in the 375 

replicative form present inside the mammalian host, we investigated how the transgenic lines 376 

induced with Tetracycline performed in vitro for invasion and replication in host cells. 377 

Trypomastigotes were pre-incubated in the presence or absence of 0.25 μg/ml Tetracycline and 378 

then used to infect Vero cells at a ratio of 20 parasites per cell. After 16 h of infection at 37°C, the 379 

free trypomastigotes were washed out and replaced by complete medium alone or with 380 

Tetracycline (0.25 μg/ml) for 3 days post-infection. Microscopic quantification of Vero cells 381 

stained with Giemsa showed that the overexpression of TcBDF1wtHA improved the infective 382 

capacity of trypomastigotes [(+/-) vs (-/-)] (Figure 9A) and the replication rate of intracellular 383 

amastigotes [(-/+) vs (-/-)] (Figure 9B). In contrast, the overexpression of TcBDF1dmHA 384 

diminished the infectivity of trypomastigotes and slightly decreased the proliferation of 385 

amastigotes. 386 

DISCUSSION 387 

We present herein the first experimental characterization of Trypanosoma cruzi Bromodomain 388 

Factor 1. The expression of this protein is developmentally regulated throughout T. cruzi life 389 

cycle, being more abundant in the infective form than in the replicative forms.  390 

One of the most remarkable features of TcBDF1 is its glycosomal localization. Even though it is 391 

not possible to assure that this organelle is the only intracellular compartment where TcBDF1 is 392 

located, the experimental data presented supports the idea that most of the protein is placed at 393 

the glycosome where it is directed by a PTS2 signal peptide.  394 

The existence of non-nuclear bromodomains is not a novelty in T. cruzi. As already mentioned, 395 

we recently described a cytoplasmic and flagellar TcBDF3 (22). Some bromodomain-containing 396 

proteins from mammals are also found in the cytoplasm, but all the cases reported so far are of 397 

nuclear proteins that only localize in the cytoplasm under very particular situations, like ovarian 398 

folliculogenesis or spinal cord development (44-46). On the other hand, there has been no 399 

bromodomain-containing protein reported to date that localize in an organelle other than the 400 

nucleus. As we already proposed, the presence of non-nuclear bromodomains could be another 401 

ancient feature of trypanosomatids absent in mammalian host cells. 402 

The presence of a bromodomain factor in the glycosome opens a number of new questions about 403 

the existence of acetylation and its function in this organelle. In a preliminary acetylome study of 404 

T. cruzi epimastigotes performed in our group, 150 acetylated proteins were identified. Thirty 405 

percent were enzymes related to metabolic pathways. Among these, five were glycosomal 406 
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enzymes belonging to the glucose metabolism, four to the mitochondrial TCA cycle and seven 407 

participate in the cell redox homeostasis. These unpublished results are in agreement with those 408 

obtained for T. gondii  (12) and P. falciparum (13), and confirm that acetylation is a conserved 409 

PTM in protozoans. In addition, the two Sir2 related deacetylases recently characterized in our 410 

lab, are cytoplasmic (TcSIR2RP1) and mitochondrial (TcSIR2RP3), and their overexpression 411 

impacts in the different stages of T. cruzi’s life cycle (47). All these observations support the idea 412 

that acetylation is a ubiquous and dynamic PTM in T. cruzi, and that acetylomes from different 413 

life cycle parasite stages may differ. Taking into account the results already observed in 414 

mammals, yeast and bacteria, it seems very plausible that acetylation could also play a role in the 415 

metabolic regulation of T. cruzi.  416 

It is well established that the different developmental stages of the parasite change their 417 

energetic metabolism in response to the available nutrients. Epimastigotes energetic source 418 

comes from the oxidation of amino acids, because the concentration of glucose is very low at the 419 

gut of the insect. However, in the presence of glucose, epimastigotes rapidly switch to aerobic 420 

glucose fermentation. Metacyclic trypomastigotes obtain their energy from proteins and amino 421 

acids, while bloodstream trypomastigotes catabolise glucose. Amastigotes consume mostly 422 

amino and fatty acids. The glycosome confines most of the glycolytic/gluconeogenic pathway 423 

together with enzymes belonging to other metabolic pathways. Turnover of glycosomes by 424 

autophagy of redundant ones and biogenesis of a new population of organelles with a different 425 

set of metabolic enzymes plays a pivotal role in the efficient adaptation of the glycosomal 426 

repertoire to the sudden, major nutritional changes encountered during the transitions in the life 427 

cycle (48). A relevant feature of these glycosomal metabolic enzymes is that they lack the 428 

regulatory inhibition. For example, hexokinase (HK) and phosphofructokinase (PFK) lack the 429 

alosteric regulation present in most cells. Under this condition, the antagonic enzymes PFK and 430 

fructose-1,6-biphosphatase (FBPase) coexist in the organelle, but FBPase is kept silent under 431 

glycolytic conditions due to an unknown mechanism. It has been proposed that a PTM could be 432 

responsible for this phenomenon. The differential phosphorylation status of the glycolytic 433 

enzymes from procyclic and bloodstream forms of T. brucei has been studied, but these data 434 

cannot completely explain so far the regulation of the whole activity within the glycosome (49). It 435 

has been already demonstrated in other organisms that changes in the nutrients available to 436 

cells, altered the total profile of acetylated metabolic enzymes. And that 437 

acetylation/deacetylation of proteins has multiple effects, increasing the activity of some 438 

metabolic enzymes while inhibiting the activity of others. For example, aldolase is switched off 439 

when acetylated in mammals and plants (14, 16). Phosphoglycerate kinase and glyceraldehyde-440 

3-phosphate dehydrogenase from Arabidopsis and glycerol-3-phosphate dehydrogenase and 441 

phosphoenolpyruvate carboxykinase (PEPCK1) from mammals, are also inhibited by acetylation 442 

(14, 16, 18, 50). However, lysine acetylation does not always lead to enzyme inhibition, in 443 

mammals; malate dehydrogenase (MDH) acetylation increases its enzyme activity (18). 444 

Furthermore, the effects of acetylation appear to be coordinated to simultaneously shunt 445 

metabolic flux down specific pathways and away from others. We consider that acetylation has to 446 

be seriously taken into account as an important PTM responsible for the regulation of the 447 
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metabolic enzymes in the glycosome. Even though the data available about acetylation in 448 

glycolitic enzymes from trypanosomatids is very limited in order to build a hypothesis, it is clear 449 

that in most other cells acetylation leads to down regulation of glycolisis. 450 

Currently, it is hard to define how bromodomains take place in this puzzle. In fact, even though 451 

plenty of research has been done on bromodomains of yeast and mammals during the last years, 452 

their real role remains elusive in most cases. In the nucleus, the association of bromodomains 453 

with acetyltransferases led to the proposition of a role in the hyper acetylation of some regions of 454 

the chromatin. In this model, the bromodomain-containing proteins or complexes recognize 455 

acetylated histones and promote intensive acetylation. Apart from this, no additional function has 456 

been yet proposed. TcBDF1 has no other functional domain apart from the bromodomain, but it 457 

probably interacts with other proteins through its low complex C-terminus. It is possible that 458 

TcBDF1 could have several roles depending on the different proteins with which it interacts in 459 

each developmental stage. It is a reader domain, and its function will vary with its interactors and 460 

the requirements of the cell. Although the role and targets of TcBDF1 remain to be determined, 461 

we now know its expression is tightly regulated throughout the parasite’s life cycle and that 462 

overexpression in epimastigotes, where it exhibits low expression levels, is detrimental and 463 

triggers cell death. On the other hand, it enhances the infectivity of trypomastigotes and the 464 

duplication rate of amastigotes. As reported for other trypanosomatids, the glycosomal function, 465 

glycolysis in the bloodstream form and gluconeogenesis in intracellular amastigotes, is essential 466 

for viability and virulence. This is in agreement with our results.  In this context, TcBDF1 could be 467 

part of a global regulatory mechanism of the glycosomal activity either by being part of the 468 

acetylation/deacetylation complexes, by protecting acetylated lysines from deacetylases, by 469 

participating in the biogenesis of the organelle or acting as a chaperone, localizing acetylated 470 

proteins to the glycosome. Considering the overexpressing phenotypes obtained, TcBDF1 could 471 

be involved in the up-regulation of gluconeogenesis in the replicative forms, which would be 472 

detrimental for epimastigotes grown in the presence of glucose, but favourable for amastigotes.  473 

On the other hand, in the infective form, it probably enhances glycolysis and ether-lipids 474 

synthesis, which depends on glycosomal enzymes. It has been already described that Leishmania 475 

and T. brucei have high levels of ether-lipids, mainly found in the glycosylphosphatidylinositol-476 

anchored glycolipids and glycoproteins present on the surface of the parasites (51-52), and are 477 

important for infection. 478 

The search for inhibitors of lysine acetyltransferases and deacetylases (KATs and KDACs) had a 479 

strong impulse in the last years, and the number of diseases associated to alterations in the 480 

epigenetic regulation that could be treated with these inhibitors, has significantly increased (53). 481 

A number of sirtuin inhibitors have also been assayed against parasites (54). More recently, 482 

different families of drugs that target bromodomains from the BET family have shown selective 483 

activity in carcinoma models (55). Many other inhibitors of the bromodomain-acetyl lysine 484 

interaction have also been developed, putting bromodomains alongside KATs and KDACs as 485 

interesting targets for drug development for diseases caused by aberrant acetylation of lysine 486 

residues (56). Furthermore, the metabolic disturbance resulting from mislocalization of 487 

glycosomal proteins may lead to death of the parasites and for this reason; they are also being 488 
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studied with the aim of developing new drugs against parasitic diseases (Barros-Alvarez X et al, 489 

2014). The results presented herein show that TcBDF1 is essential for host invasion and the 490 

progression of the infection, and strongly support the idea that bromodomains can be considered 491 

as potential targets for the development of new drugs against trypanosomiasis. 492 
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 651 

Figure Legends. 652 

Figure 1. The expression of TcBDF1 is developmentally regulated. Equal amounts of CL 653 

Brener total lysates (TL) from epimastigotes (E), amastigotes (A) and trypomastigotes (T) were 654 

loaded on SDS-PAGE and transferred to nitrocellulose membrane. (A) Ponceau S staining and 655 

western blot analysis using the following antibodies: a-TcBDF1 and a-Tubulin α as load control. 656 

The degree of expression observed were quantified and normalized to -tubulin intensity.  (B) 657 

Immunofluorescence assay of CL Brener wild type epimastigotes, amastigotes and 658 
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trypomastigotes using a-TcBDF1. FITC-conjugated anti-rabbit (green) was used as secondary 659 

antibody and DNA was stained with DAPI (blue). Scale bar: 5 μm. 660 

Figure 2. Subcellular fractionations. (A) Equal amounts of Nuclear (N) and Non-Nuclear (NoN) 661 

extracts were loaded on SDS-PAGE and Coomassie stained (left panel) or transferred to a 662 

nitrocellulose membrane and assayed with: a-TcBDF1, a-TcBDF2 (nuclear marker) and a-TcTAT 663 

(cytosolic marker). (B) Western blot analysis of the subcellular fractions obtained by differential 664 

centrifugation. The fractions were loaded on SDS-PAGE (left panel) followed by western blot with 665 

a-TcBDF1, a-TcBDF2, a-TcMDHm (mitochondrial), a-TcMDHg, a-TcHK (glycosomal) and a-TcTAT. 666 

N, nucleus; LG, large granules; SG, small granules; M, microsomes; S, final supernatant. (C) 667 

Digitonin fractionation. The fractions were loaded on SDS-PAGE (upper panel) followed by 668 

western blot with a-TcBDF1, a-TcMDHm, a-TcMDHg, a-TcHK, a-TcBDF3 (cytosolic) and a-TcTAT. 669 

Figure 3. TcBDF1 localizes in the glycosomes. (A) Immunofluorescence assay of CL Brener 670 

wild type epimastigotes using rabbit antibodies against TcHK and mouse antibodies against 671 

TcBDF1. Cy3-conjugated anti-rabbit (red) and FITC-conjugated anti-mouse (green) were used as 672 

secondary antibodies. (B) Confocal microscopy analysis of transient epimastigotes co-transfected 673 

with pTEX-GFP-PTS1 and pTREX-TcBDF1-Cherry. DNA was counterstained with DAPI (blue). 674 

Scale bar: 5 μm. 675 

Figure 4. TcBDF1 is directed to the glycosomes by its N-terminal PTS2 signal. Confocal 676 

microscopy analysis of transient epimastigotes transfected with the following constructs: pTREX-677 

TcBDF1-Cherry, pTREX-TcBDF1ΔN-Cherry or pTREX-PTS2-Cherry. DNA was counterstained with 678 

DAPI (blue). Scale bar: 5 μm. 679 

Figure 5. Inducible expression of TcBDF1wtHA and TcBDF1dmHA. Equal amounts of parasite 680 

total lysate (TL) from each line in the absence (-) or presence (+) of 0.5 μg/ml Tetracycline for 24 681 

hours, were loaded on SDS-PAGE and stained with Coomassie (left panel), followed by western 682 

blot analysis using rat a-HA monoclonal antibodies (A), or rabbit polyclonal antibodies against 683 

TcBDF1 and mouse a-Tubulin α as load control. (B) The degree of overexpression observed with 684 

the specific antibodies were quantified and normalized to -tubulin intensity. (C) 685 

Immunofluorescence microscopy of uninduced and induced (0.5 μg/ml Tetracycline, 24 hours) 686 

parasites using rat anti-HA and FITC-conjugated anti-rat antibodies (green). DNA was stained 687 

with DAPI (blue). Images obtained with a Nikon Ni-U microscope. 688 

Figure 6. Overexpression of TcBDF1wtHA is deleterious for epimastigotes. (A) Growth 689 

curves of epimastigotes transfected with pTcINDEXGW-BDF1wtHA and BDF1dmHA in the 690 

absence (closed circles, grey line) or presence (closed squares, black line) of 0.5 μg/ml 691 

Tetracycline (which was re-added every 5 days) counted daily during 10 days. Results are 692 

representative of three independent experiments. (B) Giemsa stained pTcINDEXGW-BDF1wtHA 693 

epimastigotes in the absence (- Tet) or presence of Tetracycline (+ Tet). Images obtained with a 694 

Nikon Ni-U microscope. 695 

Figure 7. Overexpression of TcBDF1wtHA triggers apoptosis. Electron microscopy analysis of 696 

the ultrastructure of the pTcINDEXGW-BDF1wtHA cell line in the absence (A and G) or presence 697 

(B-I) of Tetracycline. The nucleolus region, which probably corresponds to the granular domain, 698 

is seen condensed (B, arrow) and fragmented (C, arrows). In induced cells the nucleolus is 699 

completely fragmented (D, arrows) and the nuclear structure is completely disorganized (E). 700 
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Chromatin compactation (F, arrow) is observed near the nuclear envelope, this indicates 701 
apoptosis. Note also the cytoplasm extraction in induced TcBDF1wtHA cells (F). Non induced 702 
parasites (G) presented glycosomes (g) with their typical ultrastructure. Induced cells (H-I) presented 703 

larger glycosomes with lower electrodensity. Nu = nucleolus; ht = heterochromatin; K= kinetoplast. 704 

Bars: (A) 0,5 µM; (B - E) 1 µM; (F) 2 µM. (G - H) = 1 µM; (I) and inset = 0,5 µM. 705 

Figure 8. Effect of the overexpression of wild type and mutant TcBDF1 on in vitro 706 

metacyclogenesis. In vitro metacyclogenesis using TAU medium of lines harboring transgenes 707 

encoding TcBDF1wtHA and TcBDF1dmHA uninduced (- Tet) or induced (+ Tet) with 0.5 μg/ml 708 

Tetracycline. The bar graph represents the mean ± SEM from three independent experiments; ** 709 

P<0.005 (unpaired, two-tailed Student t test). 710 

Figure 9. TcBDF1 overexpression impacts on Vero cells infection. The infection and the post-711 

infection incubation were performed in the absence or presence of 0.25 μg/ml Tetracycline: (-/-), 712 

Tet was never added to the medium; (+/-), trypomastigotes were pre-treated with Tet for 3 713 

hours prior to infection, and it was added during the infection but not after; (-/+), 714 

trypomastigotes were not induced, Tet was only added for 72 hours post-infection at the 715 

amastigote stage; (+/+), trypomastigotes were pre-treated and Tet was present at all times. The 716 

percentage of infected cells (A) and the number of amastigotes per cell (B) were determined by 717 

counting Giemsa-stained slides using a light microscope. Results are expressed as means ± SEM 718 

of triplicates, and represent one of three independent experiments performed. Each condition 719 

was analyzed by unpaired Mann-Whitney two-tailed Student t test with the control (-/-): * 720 

P<0.05, ** P<0.005, *** P<0.001, **** P<0.0001. 721 

Supplemental Figure Legends 722 

S1 Figure. TcBDF1 sequence alignment and modeling. (A) Alignment of TcBDF1 with its 723 

orthologs from T. brucei and L. major and with the two characterized bromodomain-containing 724 

proteins from T. cruzi (TcBDF2 and TcBDF3), together with the secondary structure prediction 725 

(on top). (B) Sequence alignment of a selected number of bromodomains of different organisms. 726 

The sequences used were: DmBrahma (Drosophila melanogaster; P25439), HsSMCA4 (Homo 727 

sapiens; P51532), HsSMCA2 (H. sapiens; P51531), DmGCN5 (D. melanogaster; AAC39102.1), 728 

HsGCN5 (H. sapiens; AAC39769.1), ScGcn5p (Saccharomyces cerevisiae; NP_011768.1), ScBDF1a 729 

and ScBDF1b (S. cerevisiae; P35817), ScBDF2a and ScBDF2b (S. cerevisiae; YDL070W), DmTAF1a 730 

(TAFII250) and DmTAF1b (TAFII250) (D.melanogaster; P51123), HsTAF1a (TAFII250) and 731 

HsTAF1b (TAFII250) (H. sapiens; P21675), ScSpt7 (S. cerevisiae; NP_009637.1), AfSpt7 732 

(Aspergillus fumigatus; XP_754519.1), TcBDF1 (T. cruzi; TcCLB.506247.80). Both alignments 733 

were performed using ClustalX2.1 and edited with the ESPript server 734 

(http://espript.ibcp.fr/ESPript/ESPript). The bromodomain α-helixes are squared in blue. 735 

Identical residues are white shaded in red and conservative changes in red shaded in white. 736 

Asterisks show residues important for the interaction with the acetylated lysine. (C) Three-737 

dimensional structure for TcBDF1 predicted by I-TASSER. The residues important for the 738 

interaction with the acetylated lysine are labelled.  739 

S2 Figure. Alignment of multiple PTS2 sequences from different organisms using ClustalX2.1 and 740 

edited to highlight conserved (black, shaded grey) and identical (white, shaded black) amino acid 741 

residues. The nonapeptide is squared in blue. DHAP, dihydroxyacetone phosphate; MDH, malate 742 
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dehydrogenase; HK, hexokinase; PEX11, peroxisome receptor; GAPDH, gyceraldehyde 3-743 

phosphate dehydrogenase; CP, carboxypeptidase. 744 

S3 Figure. Alignment of TcBDF1 and human PCAF bromodomains using ClustalX2.1 and 745 

manually edited to highlight conserved (bold, white background) and identical (black 746 

background) residues based on BLOSUM 62 substitution matrix data. Alpha helixes are squared. 747 

Asterisks show residues important for the interaction with the acetylated lysine, and the mutated 748 

amino acids are depicted with arrows. 749 

 750 

 751 

 752 

 753 
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