Neutron diffraction for deciphering
protein-carbohydratanteractions in
bacterial infection
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Lectins from pathogenic organisms
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Photorhabdus luminesce8sPseudomonas aeruginos:



Photorhabdus luminescedsPseudomonas aeruginos:
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Roles in attachement and biofilm formation
Targets for noveljlycomimetics



Photorhabdus luminescedsPseudomonas aeruginos:
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Proteincarbohydrate interactions

Fucose in PLL Fucose In LecB
. Role of water TN
CH-B stacking molecules? N

Hydrogen bond
details
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Protonation of
amino acids ?

Wanted : Location of hydrogen atoms
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A Hydrogen atomsaccount forabouthalf of all the atoms in proteins
A Critical roles irbiological functions(enzyme mechanisms, ligand binding)
A Rarelyobservable in Xay diffraction experiments
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Neutrons as a diffraction probe

A Interaction with atomiauclei

A Scatteringvarieswith elements and eveisotopesof the same elementH/D)

A Non-destructive probe (roontemperature data collection)

X-ray scattering proportional to Z
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Need of perdeuteration

A Full replacement of allydrogen(H) atoms byeuterium (D) atoms

A Reduceghe largeincoherentscattering of Hx( 40 times larger than for D)
A Reduceghe backgroundandincreases the signaioise FAtiO pu

A Clearer visualization of neutranaps =S
A Cancellation effectdimit visualization of CHyroups

Wi (with D andH)
D-Galectinr3C/lactose complex
Courtesy of Prof. Trevor Forsyth
Manzoni F. etal., J. Med. = Chem ., 2018 12




How to obtain perdeuterated biomolecules?

» Adaptationof E.colicells to deuterated medium _ |
» Productionof recombinant proteinsn D,O---> DLab at ILL§
» Fermentation(high celdensity cultures) oE.coli ‘
» Deuterated carbon sourcéglyceroidg, glucosed,,)

: O/D o/n 6X Stock (-80 °C
a7 37 7 C N
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Solid LB medium LB medium Enfors medium d-Enfors medium <,
-+ antibiotic -+ antibiotic + glycerol + glycerol-dg
-+ antibiotic 4~ antibiotic

Adaptation of E.colito deuterated medium

Innoculum for fermentation



How to obtain perdeuterated biomolecules?
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In vivoproduction ofL-fucosed,, In E. coll

Fucoseproducing strain ok. coldesigned and enginereed by Dr. Eric Samain at CER o
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(D Overexpressed genes
manB: phosphomannomutase

manC: Manl-P-guanyltransferase
gmd: GDMMan 4,6dehydratase
wcaG: GD-fucose synthase
h-1,2-fucosidase
h-1,2-fucosyltransferase

Knockedout genes

lacZi -galactosidase
fucl: fucose isomerase
fucP: fucose permease

X
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Production, purification andharacterzation of L-fucosed,,

Batch roduction Purification
Adaptatlon to DO and glycerobl P
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Gajdodl. et al., Glycobiology, 221
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afctins

Production and crystallization

5 mgof protein/g of cell paste

Fermentation
66 gof wet cell paste

Total330 mgof protein

Purification
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Neutron data collection summary (LAIDNat ILL)

PLL lectin D-LecB lectin
H/D-exchangedpo D-PLL/Fud,, Fued,,

Numberof proposals 400 um 1 400 um 1 400 um 1
Number of crystals 4/2 6/1 3/1
(tested/collected)
Crystalvolume (mnJ) x 0.5 22(0.5 g™ x 0.1
Neutron data collection (days 8 15 18
Unit cell dimensions

a, b, c(A) 72.7,89.3, 159.4 72.7,89.2, 159.2 52.9, 73.9, 55.0

h i, 90, 90, 90 90, 90, 90 90, 94.690
Resolution (A) 2.2 2.2 1.9
Completeness (%) 82.9 (73.5) 84.9 (74.7) 73.8 (61.7)
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Laue diffractometer LADAIII at ILL

A Institut LaueLangevin (ILL) in Grenoble, France

A QuasilLauediffraction method (pink beam of neutron
A Large cylindrical neutregensitive image plate detectc
A Data collection at room temperature

L hi
aue (white) beam Quasilaue (pink) beam
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Room temperaturg€R) versuscryo (100K data

X-ray
100 K

(glycerol)

A Differencesn repeats W1 and W5
A Glycerol mimicgarbohydrates
A Additional fucosebinding site

WS5 repeat

RT

(no glycerol)

Neutron
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Advantages of perdeuteration In neutron structure:

A H/D-exchanged apo PlandD-PLL

A Cancellation effects around Ggroups
\ H/D-PLL D-PLL

His155

Protonation state of histidines

HiH1

GajdodL et al.,, Structurg 221 1



