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Supplemental Figures for Linford A. et al. Crystal structure and putative substrate identification 

for the Entamoeba histolytica low molecular weight tyrosine phosphatase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Fig. 1. Schematic representation of epitope-tagged putative substrate genes 

subcloned into pGIR209. Selected putative substrate genes identified via mass spectrometry (Table 

1) were subcloned into pGIR209 with epitope tags E, S, and KT3 added. 5′ actin and 3′ actin, 5′ and 

3′ flanking regions of the Entamoeba histolytica actin gene; Neo, neomycin resistance gene; luc, 

luciferase gene; 5′ hgl and 3′ hgl, 5′ and 3′ flanking regions of the E. histolytica hgl gene; tetO, 

tetracycline operator; Putative Substrate, genes for putative substrate proteins of the LMW-PTP 

identified by mass spectrometry. N-tag, N-terminally added E-S-KT3 epitope tag; C-tag, C-

terminally added E-S-KT3 epitope tag. As a control for transfection, drug selection, and expression 

of an epitope-tagged protein in amebae, URE3-BP was also cloned and expressed. The pGIR209 

diagram is adapted from Ramakrishnan G, Vines RR, Mann BJ, Petri WA Jr. A tetracycline-

inducible gene expression system in Entamoeba histolytica. Mol Biochem Parasitol 1997; 84(1):93-

100, and Katz U, Bracha R, Nuchamowitz Y, Milstein O, Mirelman D. Comparison between 

constitutive and inducible plasmid vectors used for gene expression in Entamoeba histolytica. Mol 

Biochem Parasitol 2003; 128(2):229-33. 
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Supplemental Fig. 2. Alignment of the protein sequence of the E. 

histolytica LMW-PTPs with other selected LMW-PTP sequences. 

The E. histolytica LMW-PTP protein XP_656359 sequence (Ent his 

1) was aligned with other LMW-PTPs. As compared with 

XP_656359: Identical amino acids, conservative substitutions, active 

site, DPYY loop. Supplemental Figs 3 and 4 show phylogenetic trees 

for all selected LMW-PTPs without and with the PTP1B outgroup. 

Supplemental Data Set 2 lists tabulates species, LMW-PTP accession 

numbers, and percent identity and similarity to the E. histolytica 

LMW-PTP protein XP_656359 for each LMW-PTP and PTP1B 

homologous sequence for each organism. 
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(the number of nucleotide substitutions divided by the length of the protein sequence) 

[http://epidemic.bio.ed.ac.uk/how_to_read_a_phylogeny]. The numbers in blue (between 0 and 1) at each 

node indicate  the measure of support for the node (the node represents a putative ancestor), with 1 being 

maximal support. The phylogeny.fr web site uses the approximate likelihood-ratio test (aLRT) for branches to 

calculate this figure [Anisimova M, Gascuel O. Approximate likelihood-ratio test for branches: a fast, 

accurate, and powerful alternative. Syst Biol 2006; 55(4):539-52]. LMW-PTP sequences from cyanobacteria 

are shown in blue, those from multicellular animals are shown in violet, unicellular eukaryotic LMW-PTP 

sequences are red, bacterial LMW-PTPs are gray, and plant LMW-PTPs are green.  

 

Supplemental Fig. 3. A phylogenetic tree 

comparing the E. histolytica LMW-PTP 

protein XP_656359 and selected LMW-

PTP proteins from different species. 

Species abbreviations, LMW-PTP 

accession numbers, and percent identity 

and similarity to the E. histolytica LMW-

PTP protein XP_656359 for each LMW-

PTP sequence are found in Supplemental 

Data Set 2, and LMW-PTP protein 

alignments are shown in Supplemental 

Fig. 2. The phylogenetic tree was created 

with “one-click” phylogenic analysis using 

online software [www.phylogeny.fr] by 

inputting the protein sequences for the 

selected LMW-PTPs. Selected LMW-

PTPs are color-coded in terms of the 

general phylogenetic groups into which 

they fall: cyanobacteria, multicellular 

animals, unicellular eukaryotes, bacteria, 

and plants. The scale bar at the bottom of 

the figure indicates the branch length 

representing the amount of genetic change 

 

http://www.phylogeny.fr/
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Supplemental Figure 4. A phylogenetic tree comparing 

the E. histolytica LMW-PTP protein and selected LMW-

PTP proteins from different species, and including as an 

outgroup proteins homologous to PTP1B from those same 

species. Species abbreviations are in Supplemental Data Set 

2, and LMW-PTP protein alignments are shown in 

Supplemental Fig. 2. The phylogenetic tree was created using 

online software (www.phylogeny.fr) by inputting the protein 

sequences for the selected LMW-PTP and PTP1B 

homologues. The human PTP1B (isoform 1) sequence was 

input into BLAST [http://blast.ncbi.nlm.nih.gov/Blast.cgi] 

to identify the E. histolytica homologue; BLAST was 

then used to identify PTP1B homologues in the same 

organisms chosen for LMW-PTP comparison using the 

E. histolytica homologue. Sequences are labeled as LMW-

PTP or PTP1B following the species abbreviation, and are 

color-coded in terms of the general phylogenetic groups into 

which they fall: blue for cyanobacteria, violet for 

multicellular animals, red for unicellular eukaryotes, gray for 

bacteria, and green for plants. The scale bar at the bottom of 

the figure indicates the branch length representing the amount 

of genetic change (the number of nucleotide substitutions 

divided by the length of the protein sequence). The numbers 

in blue (between 0 and 1) at each node indicate the measure 

of support for the node (the node represents a putative 

ancestor), with 1 being maximal support. Accession numbers, 

and percent identity and similarity to the E. histolytica LMW-

PTP protein XP_656359 for each LMW-PTP and PTP1B 

sequence are found in Supplemental Data Set 2. 

Supplemental Fig. 3 shows the tree without the PTP1B 

outgroup, and more information is found in its legend. 

 

http://www.phylogeny.fr/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Supplemental Fig. 5. Sequences of unique 

peptides and their locations in the protein 

sequences of putative substrate proteins 

identified by mass spectrometry and selected 

for further evaluation. Locations of the unique 

peptides are shown in yellow in the protein 

sequence, and the list of unique peptides 

identified for each protein is located in the table 

to the right of each protein sequence.  
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http://www.cbs.dtu.dk/services/NetPhos/. URE3-BP was included as a control.  Protein sequences are shown with predicted 

phosphorylated tyrosines in bold and highlighted, with their surrounding residues in a table below. The closer the score is to a 

value of one, the more likely the phosphorylation of that tyrosine residue.  

Supplemental Fig. 6. Protein 

sequences and predicted tyrosine 

phosphorylation sites in selected 

putative substrate proteins. Tyrosine 

phosphorylation sites were predicted 

using the NetPhos 2.0 server at 

http://www.cbs.dtu.dk/services/NetPhos/
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Supplemental Table 1.  Crystallographic X-ray data and refinement statistics. Crystallized 

recombinant E. histolytica LMW-PTP representing different states along the catalytic pathway were 

subjected to X-ray diffraction in order to solve their structures:  the enzyme with no ligand bound (apo 

structure), with the substrate mimic HEPES bound, and with the phosphate analog sulfate bound. 

Citation for MolProbity: Davis IW, Leaver-Fay A, Chen VB, Block JN, Kapral GJ, Wang X, et al. 

MolProbity: all-atom contacts and structure validation for proteins and nucleic acids. Nucleic Acids Res 

2007; 35(Web Server issue):W375-W383. 

 

 Apo structure HEPES (form 1) HEPES (form 2) Phosphate analog 

PDB ID 3ILY 3IDO 3JS5 3JVI 

     

Crystal parameters     

Space group P43 P212121 P212121 P43212 

Cell dimensions  

a=b=c (Å), ==() 

45.7, 45.7, 132.3 

90, 90, 90 

60.6, 70.4, 79.2 

90, 90, 90 

38.6, 60.3, 72.56 

90, 90, 90 

45.0, 45.0, 133.3 

90, 90, 90 

     

Data set     

X-ray Source FRE+ 

Superbright 

ALS 5.0.3 MicroMax 007 HF FRE+ Superbright 

Wavelength (Å) 1.54 0.9765 1.5418 1.5418 

Resolution (Å) 50-2.2 

(2.28-2.20) 

50-2.2 

(2.28-2.20) 

50-1.95 

(2.02-1.95) 

50-1.80 

(1.86-1.80) 

Rmerge  0.063 (0.316) 0.140 (0.492) 0.066 (0.198) 0.059 (0.231) 

I/sigma (I) 23.6 (4.3) 14.0 (2.4) 19.6 (4.7) 17.7 (4.1) 

Completeness 98.3% (85.4%) 98.6% (89.5%) 97.9% (84.9%) 94.6% (98.2%) 

# reflections, unique 13,504 (1154) 17,494 (1539) 12,697 (1069) 23,136 

Multiplicity 4.5 (3.4) 8.1 (5.7) 4.4 (2.2) 4.3 (2.5) 

     

Refinement statistics     

Rwork  0.211 (0.245) 0.206 (0.281) 0.169 (0.215) 0.206 (0.260) 

Rfree 0.264 (0.325) 0.254 (0.315) 0.212 (0.244) 0.249 (0.361) 

RMSD bond lengths (Å) 0.016 0.010 0.009 0.012 

RMSD bond angles (Å) 1.529 1.211 1.087 1.273 

Ramachandran:     

     Preferred 96.2% 98.7% 98.1% 97.4% 

     allowed 99.3% 100% 100% 99.4% 

     disallowed 0.7% 0% 0% 0.6% 

MolProbity clash score 7.82 (95
th

) 4.94 (98
th

) 4.00 (98
th

) 10.22 (72
nd

) 

Molprobity score 21.8 (75
th

) 1.56 (98
th

) 1.19 (99
th

) 2.01 (62
nd

) 

 
 

 


