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Le donne, | cavalieri, le armi e gli amori
or: how bacteria defend themselves

Annalisa Pastore



Matisse’s women...

Musco et al. (1997) Nat Struct Mol Biol
Musco et al., (2000) Structure
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A different encounter...

...outside neurodegeneration



Bacteria: a world by their own...




Bacterial capside

Capsid Slime Layer Biofilm
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The importance of sporulation



Capsules
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A shield against ennemies




In most cases the capsule is made of saccharides
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In other cases... [ l
Poly gamma glutamate (PGA) R




Glutamate = umami

Z1L




Poly gamma glutamate = Natto

Fermented soy beans



The properties of PGA

Viscous
Able to englobe water and metals

Robust

Difficult to hydrolase



PGA nanoparticles

v-PGA

Electrostatic Virus — Containing
Interaction Nanoparticle
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These properties make PGA important for:

- Fight against antibiotic resistance
- Drug delivery
- Food industry

- Soil protection



The pathway of PGA
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Schematic representation of the
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A new family of PGA hydrolases
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V-PGA Hydrolases of Phage Origin in Bacillus
subtilis and Other Microbial Genomes

Stefania Mamberti', Paola Prati®, Paclo Cremaschi®, Claudio Seppi’, Carlo F. Morelli®,
Alessandro Galizzi', Massimo Fabbi?, Cinzia Calvio'”*



Pgh proteins from B. anthracis and B. subtilis




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




PghZ iIs unresponsive

B. anthracis cells
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PghP
YmaC
YoqZ
YjgB
YndL

PghP
YmaC
YoqZ
YjgB
YndL

We selected PghL of B. subtilis
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A non toxic bacillus
A good model for new studies
A well behaved protein
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PghL secondary structure and stability
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A monodispersed protein
No difference between Zn bound and Zn free
Zinc does not contribute to the protein stability



Analysis of the pattern of degradation
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Mechanism of cleavage

Endopeptidase

The smallest fragments
are penta and hexa-peptides
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The presence of EDTA does not affect cleavage
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Getting crystals of PghL




Very minor difference between PghL and PghP




We were lucky...
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The PGA Screen' HT-96 MD1-51

A novel precipitant and a totally new crystallization space to explore.
A revolutionary new systematic screen from the York Structural Biology Laboratory (YSBL) based on the poly-y-
glutamic acid (PGA) polymer. A screen suitable for both soluble and membrane protein crystallization.

The kit contains 96 x 1ml conditions in a deep-well block.




Serendipity: Molecular dimension idea

Examples of lysozyme crystals grown from a variety of
PGA-LM conditions.




PghL structures
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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
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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
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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?
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A single mutation is sufficient to abrogate activity

B pghL
- e
Arg17T1Ser — - +




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



Acknowledgments

Masooma Rasheed

Sneha Ramaswamy
Brian Sutton (KCL)

Carlo Morelli (University of Milan)
Cinzia Calvio (University of Pavia)



Thank you for your attention!
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