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Host-binding machineries are structurally and functionally diverse
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The L. lactis phage p2 host-binding machinery is activable
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The L. lactis phage p2 host-binding machinery is activablep2
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The L. lactis phage TP901-1 
host-binding machinery is constitutively active
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The L. lactis phage Tuc2009 
host-binding machinery contains RBPs and CBMs
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The L. casei phage J-1 
host-binding machinery contains only CBMs
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Host-binding machineries are structurally and functionally diverse



CBMs are widespread in Gram+ infecting phages 
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Are CBM insertions a universal feature 
of siphophages infecting LAB?



What is the extent of the structural and functional 
variety of LAB phages’ host-binding machineries? 

Are CBM insertions a universal feature 
of siphophages infecting LAB?





Unraveling molecular interactions between wine LAB,  
their viral predators, and polyphenols

WINE project 
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O. oeni is the main LAB involved in the wine malolactic fermentation

ALCOHOLIC 
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Oenococcus oeni
Changing the sour malic acid

into the soft lactic acid
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OE33PA and Vinitor162 possess distinct host-binding machineries

tmp

tmp

lysin

lysin

OE33PA

Vinitor162

HHPred analyses of genomic regions coding for host-binding machinery components



OE33PA and Vinitor162 possess distinct host-binding machineries
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PCs prevent OE33PA, but not Vinitor162, from host binding





AlphaFold2 predicts protein structure with unprecedented accuracy 

The AlphaFold2 craze





Methodology

1. AlphaFold2 structure prediction

2. Structure comparisons 
(PDB) using the Dali server

3D models (monomers & oligomers)

Structural homologs

3. Calculation of oligomeric 
assemblies using SymmDock
oligomers with cyclic symmetries

4. Topology prediction based 
on prior knowledge
Topology of host-binding machineries
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The evolved Dit of OE33PA
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The evolved Dit of OE33PA
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The evolved Dit of OE33PA
1

belt domain galectin domain
659

CBM
290 445

Dali Z-score=12.2

PDB ID 5w6h 
(phage tail spike, CBM4 @ CAZyDB)

131 620



Potential structural domains contributing to the Dit overall fold

The evolved Dit of OE33PA
1 131

belt domain galectin domain
659620

CBM
290 445

β-domain β-domain
180 272 455 517

No significant 
structural homologs



The short Tal of OE33PA
1

belt domain
362

β-domainstructural domain (phage T4 gp27-like)

Dali Z-score=19.7

PDB ID 2wzp 
(phage p2)



The chimeric RBP of OE33PA
1

belt domain
261

β-domainshoulder domain head domain

Dali Z-score=11.9

Dali Z-score=14.9

PDB ID 2fsd 
(phage Bil170)

PDB ID 4l92 
(phage 1358)



PCs may occupy receptor-binding sites thereby preventing host binding
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Arg

Tyr

Potential sugar-binding residues

The chimeric RBP of OE33PA

Quercetin

Potential PC binding site





A bulky, star-like host-binding machinery

L. lactis phage p2 (resting state)
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A bulky, star-like host-binding machinery

L. lactis phage p2 (resting state)

CBMs may induce RBP conformational changes 
upon preliminary, reversible binding to host polysaccharides 

Host scanning, 
reversible binding1
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A bulky, star-like host-binding machinery

L. lactis phage p2 (resting state)
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A bulky, star-like host-binding machinery

L. lactis phage p2 (resting state)

CBMs may induce RBP conformational changes 
upon preliminary, reversible binding to host polysaccharides 

Host scanning, 
reversible binding1

2

3
RBP rotation, 
irreversible  
host binding
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Host

Dit conformational 
changes
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The evolved Tal of Vinitor162
1
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PDB ID 1us2 
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structural domain α-helix

The evolved Tal of Vinitor162
500 946

PDB ID 4csb 
(bacterial β-barrel)
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The evolved Tal of Vinitor162

chaperoneCBM_5 β-prism β-helix β-prism β-helix
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PDB ID 1dy0 
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PDB ID 4s37 
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PDB ID 4uw8 
(T5 tail fiber chaperone)





An elongated, CBM-rich host-binding machinery
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An elongated, CBM-rich host-binding machinery
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An elongated, CBM-rich host-binding machinery
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CBMs may induce a multi-step host-binding process
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An elongated, CBM-rich host-binding machinery
Capsid Host

Host scanning, 
reversible binding1

CBM_1

Specific & stronger host 
binding of a CBM cluster2

CBM_2? CBM_3/4 CBM_5
receptor-binding 

domain?

Host binding deeper in 
the host cell wall3

CBMs may induce a multi-step host-binding process



Take home messages

• The structural repertoire of LAB phages’ host-binding machineries 
keeps expanding

• AlphaFold2 is powerful to predict accurate 3D structures.                      
Try it for you projects!
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