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Intrinsically disordered enzymes

Structure and active site
Sporosarcina pasteurii urease
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Intrinsically disordered enzymes

Structure and active site
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Urease as a virulence factor

» Helicobacter pylori infects ca.
®  50% of the world population
- and is the main cause of
cancer in gastrointestinal
tract (class | carcinogen by
WHO)

* Mycobacterium
tubercolosis causes 2
million deaths per year

* Yersinia pestis causes
pneumonic, septicemic
and bubonic plagues

* Cryptococcus neoformans causes
meningitis and related brain damage



Urease activation pathway
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Urease activation pathway
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Urease activation pathway

Ni(ll) delivery

Regulation
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Urease activation pathway

~TheGTPase  Nj(|]) delivery
in the urease system

Regulation
of GTPase

GTP hydrolysis,

Recognition Lys carbamylation
platform UreG
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UreG proteins are all intrinsically disordered

Protein rigidity
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UreG quaternary structure

Size exclusion chromatography + light scattering of SpUreG
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UreG exists in concentration-dependent
monomer-dimer equilibrium
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GTP hydrolyzed
umol/umol BpUreG

Some isolated UreG proteins are active

Functional studies: GTP hydrolysis
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Understanding the conformational and
functional landscape sampled by UreG as a
function of temperature, denaturants and

additives provides insight into the
structural organization and stability of
UreG in solution



Site-directed spin labelled EPR
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A nitroxide label is specifically grafted on a
cysteine residue. The paramagnetic label
bound to the protein is a reporter of the local
dynamics, reflected in the EPR spectral line
shape.
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Site-directed spin labelled EPR on UreG
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Site-directed spin labelled EPR on UreG
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Dependence of UreG dynamics by
denaturants and temperature
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Dependence of UreG dynamics by
denaturants and temperature
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Dependence of UreG dynamics by
denaturants and temperature
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Dependence of UreG dynamics by

folding inducers
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Dependence of UreG dynamics by

folding inducers
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Dependence of UreG dynamics by

SDSL-EPR folding inducers

Sharp component: tc =0.44 ns TFE component: z¢c =0.73 ns
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Dependence of UreG dynamics by

SDSL-EPR folding inducers
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Dependence of UreG dynamics by

SDSL-EPR

folding inducers
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Dependence of UreG dynamics by

SDSL-EPR
Sharp component: ¢ = 0.44 ns

Broad component: z¢c = 5.5 ns
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The relationship between folding and
activity of UreG



The relationship between folding and
activity of UreG
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The relationship between folding and
activity of UreG
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Conclusions

e UreG exists in solution as a conformational
ensemble of different interconverting folding
states.

® The degree of folding of the different
conformers depends on temperature and
additive concentration

e The enzymatic activity does not correlate to the
protein rigid behaviour

e Intrinsic disorder likely allows the enzyme to
intferact with different partners that regulate
ITs enzymatic activity



Why does UreG need ID?

UreD UreF UreD



Why does UreG need ID?

The GTPase
In the urease system

UreD UreF UreD UreG



UreD

UreF

Why does UreG need ID?

The GTPase
In the urease system

UreD

0.8.
1.2

-1.6:

-2.4
-2.8
-3.2

kcal/mole of injectant

Ni(1l)

/ Kai= 14 uM

S K= 270 uM

,%"' Kaz= 160 yM

kcal/mole of injectant

-10]

1 2 3 4 5 6 7 8

Molar ratio
VAL ((]) IO
] .

Molar ratio



Why does UreG need ID?

The GTPase

@ in the urease system I

UreD " UreF UreD

UreG interacts with multiple partners
and ligands
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Sampling disorder in different regions of UreG
CPH metal His70 Cysb8 Sequence predicted as
ST : disordered. Interaction
binding moti », With UreE and UreF.

A. Merloni, B. Zambelli, F. Musiani, S. Ciurli, et al. - BBA Proteins and proteomics, 2014
F. Musiani, E. Ippoliti, C. Micheletti, S. Ciurli, P. Carloni, Biochemistry, 2013, 52, 2949-2954



Sampling disorder in different regions of UreG
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Sampling disorder in different regions of UreG

Molecular Dynamics simulations

Helix 3

Strand 3

"’\‘ _ Helix 2
Helix 5 ; '
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Sampling disorder in different regions of UreG

Molecular Dynamics simulations

Helix 3

Strand 3

UreG shows substantial rigidity of the protein regions involved in
catalysis, while it tends to unfold in regions involved in protein
interactions necessary for the formation of multiprotein complexes.

A. Merloni, B. Zambelli, F. Musiani, S. Ciurli, et al. - BBA Proteins and proteomics, 2014
F. Musiani, E. Ippoliti, C. Micheletti, S. Ciurli, P. Carloni, Biochemistry, 2013, 52, 2949-2954



Sampling disorder in different regions of UreG

UreG shows substantial rigidity of the protein regions involved in
catalysis, while it tends fo unfold in regions involved in protein
interactions necessary for the formation of multiprotein complexes.

A. Merloni, B. Zambelli, F. Musiani, S. Ciurli, et al. - BBA Proteins and proteomics, 2014
F. Musiani, E. lppoliti, C. Micheletti, S. Ciurli, P. Carloni, Biochemistry, 2013, 52, 2949-2954



Sampling disorder in different regions of UreG
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UreG shows substantial rigidity of the protein regions involved in
catalysis, while it tends fo unfold in regions involved in protein
interactions necessary for the formation of multiprotein complexes.
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Sampling different regions of UreG with EPR
Site directed mutagenesis + SDSL-EPR




Sampling different regions of UreG with EPR
Site directed mutagenesis + SDSL-EPR
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Sampling different regions of UreG with EPR
Site directed mutagenesis + SDSL-EPR

~

== Simulated
= [Experimental

C 7Prox | C48prox ‘ CHEProx
F | |
| - |
f _ I
{""J "} !)I /' / “ — 2 \
et I R Pl — Sl T
! T f | 'f
Pl bl / l’
I |
l |
|
344 86 B O 2 5 W 2@ W U A B A 787 B TSR T AR M4 345 M S 32 IS 356 @ 360
B[mT] B [mT] 8[mT]
» 100
2 75
e}
“g 50
o 25
= 0

C7prox , ,.,C48prox C66prox
Inereasing flextbility

>



What is the conformational and
functional landscape sampled by UreG
in cellular environment?



What is the conformational and
functional landscape sampled by UreG
in cellular environment?

Cellular crowding, aspecific interactions, intracellular viscosity, interaction with
partnes.... : what is the effect on protein structure-dynamics-function?
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How it looks like inside the cell

In cell
SDSL-EPR

Delivery of labelled proteins inside the cell
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How it looks like inside the cell
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How it looks like inside the cell
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How it looks like inside the cell
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How it looks like inside the cell
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