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Decoding the eukaryotic signaling pathways 
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of intracellular pathogens
Modulated by protein 
tyrosine phosphatases

(PTPs) 
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1-Which are the 
eukaryote substrates 
of these phosphatases?

2- Which are the 
signaling pathways 
modulated by these 
phosphatases?

 The tyrosine phosphatase PtpA from Mycobacterium tuberculosis 
has been detected in the cytosol of infected macrophages
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 PtpA is a key virulent factor
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 Important role of 
mycobacterial phosphatases in 

the colonization 
of spleen and lung

No bacilli were recovered in 

spleens and lungs of guinea pigs 

after 10 weeks of inoculation
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“PTP substrate trapping mutants strategy”

The most common tool is the D/A mutant

We obtained the PtpA D/A mutant

The Asp 126 is a catalytic residue and is not 
considered crucial in defining substrate specificity•

A) Verification of the structural and 
biochemical properties of the PtpA D126A 
mutant to ensure its adequacy for substrate 
trapping

C) Analysis by SPR of the interaction between 
the phosphatase and the macrophage protein  
extracts, selection of conditions for washing and 
elution steps.

D) Substrate trapping assay using stringent 
experimental conditions defined by SPR to 
reduce non-specific interactions

E) Validation of protein candidates as
substrates of PtpA

1-Which are the 
eukaryote substrates 
of these phosphatases?

“Improved 
PTP substrate 

trapping strategy”

B) Preparation of extracts of 
human-macrophage-like THP-1 cells 
preserving phospho-tyrosine (P-Y) modifications

PtpA shows 37% of sequence identity and high 
structural similarity to its human orthologue HCPTPB. 

Human B 

PTP

1XWWM.tb.PtpA 1U2P(2)

Low molecular weight PTP family (LMW-PTP)

The human genome encodes for 107 PTPs but only one
belongs to the PtpA family. Cell 117, 699-711 (2004)

Response 
units (RU)

Short-time association-dissociation sensogram 

Macrophage 
protein extract

Immobilization of PtpA wt or PtpA 
D126A on a sensor chip

Study by Surface Plasmon Resonance (SPR) how PtpA interacts
with macrophage protein components

Verification of the structural and biochemical properties
of the PtpA D126A mutant to ensure its adequacy for substrate trapping

PtpAD126A behaved similarly to the PtpAwt through the whole expression and 
purification procedure

PtpAD126A in aqueous solution is a monomer as PtpAwt

PtpA D126A= 21 kDa ± 3 kDa
PtpA wt       = 19 kDa ± 3 kDa

Analytical SEC

SEC
PtpA D126A
34% α-helical
19% β-strands
47% random coils

in agreement with the 
wt crystal structure 

(PDB 1U2P)

The D/A mutation did not significantly alter the enzyme structure

Circular dichroism studies (CD)

The secondary structure of PtpAD126A and 
PtpAwt are basically equal

With immobilized 
PtpA D126A

With immobilized 
PtpA wt

Without  
inhibitor

With 
inhibitor

The macrophage extract contained components which were 
capable of binding to PtpA mutant through the active site

High salt concentration seems to be a good
choice for washing steps

to reduce non-specific binding

and low pH would be useful for eluting the
proteins bound to PtpAD126A. 
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of intracellular pathogens
Modulated by protein 
tyrosine phosphatases

(PTPs) 

Orf-PTP

1-Which are the 
eukaryote substrates 
of these phosphatases?

2- Which are the 
signaling pathways 
modulated by these 
phosphatases?

Project ECOS-SUD-France-Uruguay-ANII-CSIC-Uruguay

By different approaches we are addressing the validation of these 
proteins candidates as PtpA substrates.
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Substrate trapping assay

Only proteins identified
in all substrate trapping

were considered as potential substrate
(five biological replicates)

Four novel putative PtpA substrates
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Current Protocols in Neuroscience, 2012: p. 4-14.

ECHA, ATPA, SQRD 
are synthesized in the cytosol 

PtpA

cytosol

PtpA has been localized in the 
cytosol of infected macrophages

Infection with mycobacterial
virulent strain H37Rv PtpA mediated dephosphorylation of 

these proteins in the cytosol ?

Altering their activity and/or 
translocation to the mitochondria?

Affecting pathways involved in cell 
energy metabolism?

X     Absence of ECHA, ATPA, SQRD 
in the mitocondria   of infected cell

Scientific Reports 3:1328(2013)
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