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I share my time between

The Wohl Institute, King’s College London

Scuola Normale Superiore, Pisa



An institute for neuroscience



A different encounter…

…outside neurodegeneration



Bacteria: a world by their own…



Bacterial capside



The importance of sporulation



Capsules 



A shield against ennemies



In most cases the capsule is made of saccharides



In other cases…
Poly gamma glutamate (PGA)



Glutamate = umami



Poly gamma glutamate = Natto

Fermented soy beans



The properties of PGA

Viscous

Able to englobe water and metals

Robust

Difficult to hydrolase



PGA nanoparticles



These properties make PGA important for:

- Fight against antibiotic resistance

     - Drug delivery  

               - Food industry

                         - Soil protection



The pathway of PGA



Schematic representation of the 
regulatory system of g-DL-PGA 
synthesis and degradation in B. 
subtilis



A new family of PGA hydrolases



Pgh proteins from B. anthracis and B. subtilis



Stereoselectivity

Cleavage of D-PGA, L-PGA or DL-PGA

PghL PghZ



Removal of capsule from 
encapsulated 
B. anthracis by CapD and PghP



PghZ is unresponsive

PghZ



We selected PghL of B. subtilis

A non toxic bacillus
A good model for new studies
A well behaved protein



PghL secondary structure and stability

A monodispersed protein
No difference between Zn bound and Zn free
Zinc does not contribute to the protein stability

Zn bound

Zn free

Zn free

Zn bound



Analysis of the pattern of degradation



Mechanism of cleavage  

Endopeptidase

The smallest fragments 
are penta and hexa-peptides



The presence of EDTA does not affect cleavage



Getting crystals of PghL



Very minor difference between PghL and PghP



We were lucky…



Serendipity: Molecular dimension idea



PghL structures

Zinc free Zinc bound Zinc and PGA bound



The answer to several important questions

What is the role of Zinc?

How do Pgh recognize PGA?

What determines the minimal cleavage peptide?

What determines specificity of PGA hydrolases

What determines stereoselectivity?



PghL is a Zinc dependent hydrolase



Zinc coordination

Zinc is not structurally important



Superposition of the three structures

Zinc has no structural role
No activation is needed



Superposition of PghL and PghP 



Superposition with CPA



The answer to several important questions

What is the role of Zinc?

How do Pgh recognize PGA?

What determines the minimal cleavage peptide?

What determines specificity of PGA hydrolases

What determines stereoselectivity?



The structural determinant of the interactions



Interactions between PGA and PghL



The answer to several important questions

What is the role of Zinc?

How do Pgh recognize PGA?

What determines the minimal cleavage peptide?

What determines specificity of PGA hydrolases

What determines stereoselectivity?



A family of PGA hydrolases



A single mutation is sufficient to abrogate activity



The answer to several important questions

What is the role of Zinc?

How do Pgh recognize PGA?

What determines the minimal cleavage peptide?

What determines specificity of PGA hydrolases

What determines stereoselectivity?



Conclusions

We have solved the structures of a new 
PGA hydrolase in three different states

Zinc has no structural role

The PGA bound structure explains specific features

Structure can inform mutations to test activity
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