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Inter-individual structural diversity of prion assemblies

Prion strains

Isolate A Isolate B
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N successive passages l l
on isegenics mice : f

R S G Knight, and R G Will J Neurol Neurosurg
Psychiatry 2004;75:i36-i42

Difference in lesional profile

Strain A Strain B

kDa
1
| . ' . -
[ MonoGce

UnGe

8

strain A

strain B

% of surving —
mice

incubation time

— One PrP sequence can produce different prion strains

— Structural variability of Prion assemblies leads to different phenotypes of the disease
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> Multistability of PrP protein

» Different prion strains can be propagated on a given PrP primary structure
without any divergence during passages

Sp Sc237
CJD variant CJD cJD
EX: sheep PrP MM2 cJD MV2 MM1
Mo Mo E
Vol
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> Lessouches de prion chez 'Homme

e Deux criteres pour définir les souches
humaines de prion

e polymorphisme au codon129: M /V
» profil électrophorétique
* (+ mutation pour les formes génétiques)

sCJD type
— —
. Typel Type 1 < Type 2 ‘ Typel < Type2b
No coexisting Coexisting Coexisting
prion strains? prion strains? prion strains?
Aguzzi et al. 2007
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> 6 souches de prion chez ’lhomme

BSE agent

/
/VZ

e sCJD VV2, MV2K
¢ kuru

¢ iC]D VV2, MV2K, MMiK
* ¢CJD (E200K-129V)

‘/‘”

M1

e sCJD MM(V)1, MM1+2C, p-MM1
* iCJD MM1
. gC]D (E200K-129M, 6-OPRI-129M)

M2T */'

@ > additional strains?
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> Stabilité evolutive des souches de prions

Un systeme évolutif different de celui des organismes a acides nucléiques

« Evolution chez les virus, bactéries

* Impliquée dans le franchissement
de barriere d’espece et le maintien
chez I'hbte

e« Mécanisme continuellement actif
* Erreurs de copie des RNA/DNApol

VWWRRAVRRREY o RURAARAHALY

YL JANORANAG

H B H ﬂ o H ﬂ B ﬂ @ ﬂ i Correctly replicated DNA
LE VLT A—

DNA before replication vv H ggw EWVEEEE H

nHEABEARAEE aflHANRAG

Mismatched pair
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« Evolution chez les prions

* Seulement pour l'adaptation a un
nouvel hote (franchissement de
barriere d’espece)

e Pas d’évolution, une fois adapté

* Mécanisme inconnu (selection du
meilleur replicant ? )
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> Deéterminants structuraux de ces caractéristiques de souches ?

Récents apports de la Cryo-microscopie électronique

e Superimposition of 4 prion * |dentification of 2 topologically
structures distinct regions

e “prion determinant” zone
e “strain determinant” zone

INRAZ
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> Protéine Prion PrP

Glucolysations GPI

25 N184 N200 5234

h . - I ) I - - . -

Peptide Octapeptide repeats [ [
signal C179 _S___S_C217

’ S e

Glycosylated PrPe,
Vorberg, 2009

l-l-".'
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Challenging the selection & identification of prion interactants

Self protein
* No/weak immune response

* Immune repertoire bias

* Glycosylated

Dynamic protein structures
* Labile assemblies °=-

 No structural data «-

(until recently)

% of PrPres

]
o
1

=needs for other strategies than

classical immunization

e Use of synthetic libraries
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* In vitro selection process
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> Banque 0Rep

N-cap: 6 positions variables :
DPEKVEMYIKNLQDDS % % VR ¥ % AA X ALG % |

HEAT repeats : 6 positions variables /
domaine (xN):
GDERAVEPLIKALKDED % ¥ VR % ¥ AAY ALG¥¥|

7% : localisés a la surface externe de 2¢™e hélice

C-cap : Aucun acide aminé variable :
GGERVRAAMEKLAETGTGFARKVAVNYLETH

> 3.108 clones indépendants générés
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> Banque aRep

Le bactériophage M13

M13 phage

DNA endonuclease
WRBBaan for double-stranded
!FT'A\TJ_‘“- et replicative form

-
TR ATy
St 2 T,

™

7
Protein P3

attaches pilus
to enter host cell.

1 — DMA replication,
2 single-stranded

Single-stranded

e
O o
I i ~ 5('/ DMNA-binding

protein
|II .'I. M13 gename _-II ?-'-F’J'
[ 4 | 6.4 kb g =S

supercoiled
single-stranded
DA circle

Capsid
proteins

AFM (H. Rezaei, personal communication) Protein P7
2 emerges from
el host cell.

Protein P7
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> Sélection des phages (biopanning)

ELISA pour déterminer la spécificité de fixation
des phages sélectionnés
Tt aprés 3-4 cycles de sélections

Banque de phages

ng Culture et amplifications

)% Ythages spécifiques

114! -
CE=

N SCELEETE © = ||O ==

Protéine cible coatée Répétition 3-4 fois
de la sélection E. coli infection &
Fixation croissance des colonies sur boites
Lavages :
Elimination
des phages
non fixés
Elution phages fixés
INRAZ Glycine 0,1 M, pH 2,5
Titre ide la présentation C p. 11
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> Selecting Alphareps using monomeric Wild Type truncated PrP
(Nter’s too sticky...)

HuPrP WT

HuPrP WT ANter

Hu PrP ANter 5 different Alphareps
* 2nM<Kp<200nM (ELISA)

—— W-E5

—o— W4-E8
—o—W-F5
, 0,10 1,00 10,00 100,00 1000,00 10000,00
INRAG nMol o-Reps
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> Affinity evaluation

Highly dependent on the technology: avidity and steric hindrance

ELISA : surface interaction
2nM<K<200nM

Hu PrP ANter

1,5 —&— W-E5

—0— W4-E8

—o—W-F5

0,01 0,10
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Isothermal calorimetry (ITC), in solution

« WE5 Keq=5,7 10"
. WE4ES Keg= 2,2.10°9

Time (min) Time (min)
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> Affinity evaluation : Comparison with PrP mutants

HuPrP WT . e e D OB
s v . N EE N N .
——
H2 (structure random B) . - . SGGKGKTGGSG _
YCMC (bloqué en structure ouverte) | . - [ SGGKGKTGGSG _
L LIS B oo oo
unths S T
——

- SGGKGKTGGSG
H2 H3un=
2, [ E— | I

ovin) (structure o)

Demi-saturation des a-Reps
sur mutants de PrP

INRAZ W-E5 WA-ES W-F5

Topological interaction: no linear epitope
e W-E5 highly specific for WT PrP

* WA4-ES8 less specific, probably targeted to H1
helix and surrounding H2/H3 topology

* No clear evidence for linear W-F5 binding site

1,0E-8

1,0E-7

1,0E-6

[AlphRep] (M)
»
[=)
mn
©
Attt
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> Selecting AlphaReps on monomeric PrP conformation mutants

Mutations designed to selectively enhance putative transitional conformations

H2 mutant:

Proximal H2 helix
domain unstructured

o
z o
. p
-
i
{f

HuPrP ANter

YCMC mutant:

2 extracysteins stabilizing the
proxunfold H2 mutant

Mutant proxUnf H2 ANter : H2

CD : 3 structure

B e -

H2

INRAZ
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Mutant YCMC ProxUnf H2 ANter: YCMC

Open conformation
[ | B . SGGKGKTGGSG
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Selecting AlphaReps on monomeric PrP conformation mutants

Results

5 clones retrieved on H2

Identical clones retrieved on both
mutants (2 clones)

Multireactive alphareps
* Preference of mutants over WT (H-D12)
* Some are less selective (H2Y2-F4)

Probable structural similarity of both
mutants on polystyrene coating

ITC to be performed...

INRAZ
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8 clones retrieved on Y

[AlphRep] (M)

1,0E-09 -

1,0E-08 :

1,0E-07

1,0E-06

1,0E-05

Demi-saturation des a-Reps
sur mutants de PrP

H-D12 H2Y2-F4
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Selecting AlphaReps on monomeric PrP

Conclusions on WT & conformation mutants

e Conformational epitopes

3,5

e Cross-reactivity between WT and several
structural mutants

2,5

e béta structure and open conformation
(blocked with 2 extracysteins) behave
similarly ( on PS coating)

0D 450nm
N

15

* No reactivity on extractive PrP
(glycosylations...)

0,5

* Poor reactivity on fibers
* Structural reasons ' 0

. . oy [Alpharep] (nM)
* bioavailability
@ \\/ .E5 WA4.E8 e H2Y2.F) ecmm@uue 3
- @@= \W-E5f W4-E8f @~ H2Y2-FAf = @e E3f
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> Selecting AlphaReps on fibrillar PrP

Selection on full length Human or murine Prp fibrills

e Recombinant fibers are infectious

Table 1. Serial transmission of hamster, mouse and human rPrP assemblies by
intracerebral route in tg7 mice

Mean survival in days £ SEM (n/ng)®

rPrP assemblies Hamster Mouse Human

1# passage 282 + 17 (9/9 346 + 10 (10/10) 476 = 11 (8/9)
2" passage 273 + 12 (8/8 84 +1(8/8) 260 + 16 (8/8)
3™ passage 244 + 13 (8/8 84 + 2 (7/7) 215 + 7 (6/6)
4" passage 238 + 15 (5/5 80 + 2 (6/6) 219 + 7 (8/8)

an/no: number of mice with neurological disease and positive for PrP™ in the brain by
immunoblotting/number of inoculated mice

Rezaei et al., submitted

INRAZ
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Probability of Survival

Mouse PrP assemblies

100
L -® Batchl: July 2016 346 + 10 (10/10)
804 —8— Balch2: July 2020 340 3 (10/10)
60—
40+
204
0 ] I m ] |
200 250 300 350 400
Days post-inoculation
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> Selecting AlphaReps on fibers produce highly reactive clones

1,2

1,0

Arbitrary unit
o )
[e)} [o.]

o
ES

0,2

oo o LN b Lo kLl h Thb L
ES E

High number of polyspecific AlphaReps
Some monospecific clones

Phages 0Reps selected on Murine PrP Fibres

I ad b | 1
E1 E2 E3 E4 ES E6 E7 ES 10 E11 E12

Clone #

B Mo_fibres @ Mo_mono H BSA B Hu_fibres m Hu_mono ®m D_Nter B Nter
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Phages aReps selected on human PrP fibres

1,2

1,0

Arbitrary unit
o o
o )

o
S
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H1 H2 H3 H4 H5 H6 H7
Clone #

B Mo_fibres ®Mo_mono B BSA B Hu_fibres

|| Bk ‘I“ || ‘"‘ || ‘.| 1
9 H10 H11 H12

H8 H

Hu_mono m D_Nter M Nter
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Additional data on monomer-specific Alphareps

Monomer specific alpharep variable reactivity on prion fibrils

Alpharep titration on monomeric and fibrillar

4 human Prp
3,5
3
2,5
€
c
3
@2 2
o
o
1,5
1
0,5
0
0,01 0,1 1 10 100 1000
[Alpharep] (nM)
—&— W.ES5 W4.E8 —@®—H2Y2.F4 —@—E3
--@--W-E5f W4-E8f ® -~ - H2Y2-FAf = =@ =~ E3f
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OD 450nm

Alpharep reactivity on various substrate
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0,000
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. I__ 1.l - I_I [ « 11 - =

W4.E8 H.Co Y.G2

Hu_mono mD_Nter M Nter Mnophage
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> Possible hypotheses

e Recombinant fibers are dynamic * Matured fibers produce monomers
§ * Reactivity with W- alphareps
TR * H- and Y- alpharep differential reactivity
B X e e Substantial monomer contribution from
the fibers

* Diluted fibers produce small objects

Chromatograms of two different dilution preparations of several prion strains separated on SEC

/!/\ \ \ e
D E O NN
AT
s 1N — f
g = 1/ -
= v 7
f- it PP
20% brain 2% brain
X, homogenate homogenate
INRAZ Rezaei, Requena
Titre de la présentation et aI., unpublished
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Future prospects

Toward a better understanding of the prion fibers dynamics

e Use W- and H/Y alphareps for characterization of Prp preparations over time
* Progressive loss of W- reactivity,
* increase in H/Y reactivity.

e Confirm the relative contributions of
* Fibers and monomers in the fibers preparations and stability
* Over time
* Depending on the Prp sequence

e conformer-specific alphareps use for
* Orientation of the conversion process
* Modulation of the conversion kinetics

INRAZ

Titre de la présentation p. 22
Date / information / nom de "auteur



> remerciements

Cl|th %00

X fledeFrance

 MAP2 (VIM)  MIP (12BC)
* Agnes Le Saux e Agathe Urvoas
* Vincent Béringue * Marielle Valério-Lepiniec
* Human Rezaei * Philippe Minard
e Jan Bohl

Angélique Igel
Fabienne Reine
Laetitia Herzog

INRAZ

Titre de la présentation p. 23

Date / information / nom de "auteur



INRAZ

Titre de la présentation p. 24
Date / information / nom de I'auteur



Alpharep library

une repetition aléatoire de domaines HEAT

* HEAT: Huntingtin, Elongation factor 3, Phosphatase A2, Tor2
kinase

* 2 hélices amphiphiles

* une surface riche en acides aminés hydrophobes

* une surface riche en acides aminés hydrophiles

* ->adopte une structure type solénoide

* HEAT repeats bordées par une séquence N-cap et C-cap de structure
semblable

* O-Reps:

v’ Structures trés souples pouvant changer de conformation

suite a des interactions N-cap - Heat motif - C-cap
v' Thermostables

v" Ne contiennent pas de ponts disulfures
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