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Novel Factors Involved in PZA Mechanism of 
Action/Resistance



Association between PZAse mutations and PZA 
resistance

75 – 97 % 
association

pncA mutations  predict resistance
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polymorphism (SSCP)

Amplification 
product of the 
entire gene 
(559bp)

Separation of 
DNA strands by 
boiling for 10 min

Folding of each 
strand by rapid 
cooling

B

C

D

E

F

A

Electrophoresis on 
MDE-polyacrylamide 
gel at 10˚C for 20 
hours

B

E

S      R      R

Fundament: A mutation 
generate a characteristic 
folding that is visualized in 
an electrophoretic analysis

1. Silent mutations are rare
2. Mutations resistance



SSCP typical patterns of pncA

H37Rv (PZA sensible)

M. bovis (PZA Resistente)

R       S        S      R       R                          S        R       S       S

Sensitivity 85%
Specificity 91%





Distribution of PZAse missense mutations associated to 
PZA resistance

360 pncA genes sequenced, 
and NO siltent mutation!!





Causal pathway



22 strains with a
pncA mutation

PZase cloned and 
expressed

Level of resistance Kinetic parameters

Growth index- Bactec 460TB
MIC broth culture
Wayne test

Activity
Km, Kcat
Efficiency





Other factors are required to explain the 
remaining variability of PZA resistance

30% of the variability of PZA 
resistance level was explained by 

the PZAse activity





PZAse structural change is an intermediate step

PZAse structure



PZAse structural modeling

37% identical

M. Tuberculosis Pyrazinamidase

Petrella S, et al., 2011
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Mutation

Structural and physical‐chemical parameters of 
mutated PZAses



High association between structural variability 
and PZAse activity

PZAse structure

76%



Low association between PZAse structural 
variability and PZA resistance level

PZAse structure

40%
76%





X-ray fluorescence spectroscopy of H37Rv PZase 

PZAse in TRIS

TRIS

Purification buffer

0.3 Zn ions per PZase molecule

Purified and 
concentrated E. coli
extract without 
plasmid



Effect of metal ions in the PZAse activity





This causal pathway is not complete
What other factors affect PZA resistance level?

PZAse structure



PZAse structure

What other factors affect PZA resistance level?
(1) PZAse (pncA) expression level



16S  pncA



High variability of pncA expression level
Lack of pncA expression associated to mutations in the 

pncA promoter and associated to PZA‐resistance



PZAse structure PZA-flux 
and 

POA-efflux
rates  

PZAse structure

What other factors affect PZA resistance level?
(1) PZAse (pncA) expression level
(2) POA‐efflux rate



Estimation of the PZA‐flux rate and the POA‐
efflux rate in multiple strains





Low variability of PZA‐flux rate
High variability of the POA‐efflux rate
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