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Hallmarks for Alzheimer’s
Disease

Amyloid/Tau pathways

Membrane _.

0
)c'\ L -—ce
g@ AB(1-42)

Formation of amyloid plaques

Cleavage of the amyloid precursor protein (APP)
by B- and y-secretase leads to formation of
amyloid plaques in the intercellular space.

t

Formation of neurofibrillary tangles
Misfolding of tau proteins leads to microtubule
amyloid precursor protein and tau tangle formation.

)

Amyloid fibrils

Cross-B sheet structure, amyloid state

AB(1-42) and tau build various fibril
structures that differ in number,

orientation, and structure of strands.

Pospich & Raunser, Science, 2017.

Both tau and AB(1-42) have a similar overall
tertiary protein structure.



Molecular Basis of
Alzheimer’s Disease

Monomers =——=» Early aggregates

»  Protofibrils

»  Fibrils

AB pathway

~10 aa

PRy &Y 4V 4 4V 4 4 4 4
isoforms

Monomer ==» Hyperphosphorylated =-» Solubletau =—» Paired helical filaments = Neurofibrillarytangle
tau aggregates

Tau pathway

~75 aa

Graham et al., Ann Rev Med, 2017.



Conformational Polymorphism
of Tau Aggregates
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Paired Helical Filaments: PHF6* PHF6, PHF8
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Molecular Polymorphism of

Tau aggregates: PHF6/PHF6*

AG

Smit et al., J. Phys. Chem, 2016.
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Variant Polymorphism of Tau
aggregates: PHF6 wt/mutant
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Interface B: KVQIINKKLD
A, = 166 A2 S.=0.82

AK280 mgtant (modelled)
A, =299 A%, S =0.77

Extended
WT AK280 mutant zipper interface

Interface A Interface B

Seidler et al., Nat. Chem., 2017.



Induced Polymorphism of Tau
aggregates: PHF6-ligands

Landau et al., PLoS Biol., 2011.
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Murugan et al., ACS Chem. Neurosci., 2018.



Integrative Modeling of Tau
anti-aggregation agents

e QSAR modeling

e inference of molecular properties associated with activity (/C50)

e inference of molecular properties associated with cytotoxicity (Log (LDH%) )
 Docking calculations

e binding modes of more active/less active compounds on PHF8 dimers

* rebuilding of PHF8 tetramers from dimers of PHF8 docked complexes
e MD simulations

e docking poses as initial configurations for simulations

e evaluation of binding modes and stoichiometry (compound/PHF6 tetramer)
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Rhodanines as Tau anti-

Chain length important

\.

R
Carboxylic acid

Bulic et al., Angew. Chem. Int. Ed., 2007.
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QSAR Study of Rhodanines:
activity & cytotoxicity

Table 1: Compound structures, 1Cs, and DCs, values, PHF inhibition in cells, and cytotoxicity.

Entry Compd R R*E ICso [uM]®™ DCso [um]®  Inhibition in
cells! [%]
5 0
1 1 Ho % \E/)_Q 0.82 0.10 20.40+5.37
o
0 ”f|0
2 4 o U_C%CI 436 1.80 nd.
§ 0
3 14 —\ T\/)_Q 0.67 0.94 70.47 £4.49
N o7 Cl
HN N0
4 49 N \L/)_Q 1.09 0.80 nd.
46 compounds c
0 s 0
5 16 HO U_Q 0.47 0.30 21.55+13.82
Cl
o 0
6 23 oA T\/)_Q 1.22 1.04 n.d.
cl
§ o

o
16 17 — = 0.54 0.39 62.67:4.08
N WNQ
0 E
1719 HO? ) O O 0.17 0.13 16.49+4.38

Bulic et al., Angew. Chem. Int. Ed., 2007. Pickhardt et al., Angew. Curr. Alzheimer Res., 2017.
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QSAR model of Rhodanine
derivatives

Chain length important Sulfur optimal

8‘7 o
ST

/>R5 n M Bi- or triaryl groups

Carboxylic acid O /
Electron-rich heterocycle

Rl
pIC50 = -1.14MR +45.43HOMO +0. 14\ -3.24q4 +16.58 %Rz
5
ﬁN3 1 4
n=35: R2= 0.81; s=0.33; F=15.99; ¢ =0.60; p<0.01 3 N
Test set: n=9; R°= 0.60; s=0.57; F=5.86 O
e global - steric: low e global - electronic: high e local - electronic:
value of molar value of HOMO and '

refractivity (MR) dipolar moment (u) negative charge on C4
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PHF6 Tau dimer and tetramer
assemblies

Projection domain Proline rich  Microtubule-binding domain
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Paired Helical Filaments: PHF6* PHF6, PHF8
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PHF8 Tau dimer and tetramer
assemblies

273 282 304 313
PHF6* GKRYOIINKL PHF6 GSEOINAL PV
2~

monomer dimer tetramer
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Docking of Rhodanine
compounds

S>\\S A 46 Rhodanine PHF8
JRN \\\\\ compounds (PDB ID: 20N9)
RS
I \/

Docking PHFS8
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Tetramer “reconstruction”
from PHF38 complexes dimer
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Symmetrical tetramers from
PHF8 rebuilt complexes
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PHF8 tetramer complexes

BS1 + BST’ BS1 + BS?
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PHF8 tetramer complexes

19



MD simulations of PHF8
tetramers complexes

PHF8
tetramer complexes

cﬁ?ﬁﬁ“@fﬂ'p CGENFE C20 rhodanine
( VI36m FF) compound

NAMD 2.12 - PME
NVT equ., NPT prod.
(300ns x 8)

N

MD analysis
(PCA, protein alphabet, etc) ~ 15,000 atoms

binding modes &
stoichiometry

AN

mechanisms of PHFS8
tetramer dissolution

\_/
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Metrics for MD analysis

* native contacts
e radius of gyration
e low frequency motions (PCA analysis)

e conformational flexibility (protein alphabet)
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Fraction of native contacts
and radius of gyration

e native contacts are calculated for residues whose
distance (A) is smaller than the number specified in
‘Distance cutoff’ (default: 8A) . and which are at least as
many residues apart as the number specified in ‘Residue
separation’ (default: 2).

e mass-weighted radius of gyration of the selected atoms
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PHF8 free tetramer
native contacts

Q native contacts




PHF8 free tetramer
radius of gyration

radius of gyration

radius of gyration vs time

| Nter
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PHF8 free tetramer
low frequency motions

PCA analysis
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Protein alphabet and
representations
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PHF8 free tetramer
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PHF8 tetramers
conformational flexibility
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(native contacts)

Q1

PHF8 tetramers
native contacts

Q native contacts
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PHF8 tetramers
radius of gyration
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PHF8 tetramer BS1+BS71’
low frequency motions

PCA analysis
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PHF8 tetramer BS2
low frequency motions

PCA analysis
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PHF8 tetramers binding
modes

BSO BS1 + BST BS1 + BS2

33



Cter

PHF8 tetramer BSO
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Cter

PHF8 tetramer BST
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Cter

PHF8 tetramer BS2
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Cter

PHF8 tetramer BS1’
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PHF8 tetramer BS1+BST1’

P P
o o
X x
3 n "
.C c
é m tIS m
I I
k k
_J >
Qi W wT i
a h Sa h
Nter g £ g
° f - f
% d % d
Qo Q¢
b b
a a
304 305306 307 308309310311 312 313 304 305306 307 308309310311 312313
Residue number Residue number
P P
o o
x x
5 n T "
.C e
é m tIS m
I I
k k
o - 0.6 2 o
g .é ; g g .é i
a h Sa h
g L 0.4 = g
° f - f
3 d % d
Qo Q¢
b b
a a
304 305306 307 308309310311 312 313 . 304 305306 307 308309310311 312313

Residue number Residue number

- 0.6

- 0.4

Intensity

Intensity



Cter

PHF8 tetramer BS1+BS2
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Cter

PHF8 tetramer (BS0)2
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PHF8 tetramer (BS0)?
trajectory

500ns




Conclusions

loss of native contacts

destabilisation of C-terminus

transitions with increase of radius of gyration

sizzling motion in anti-parallel dimers

binding modes with shifting one (parallel) 3-strand dimer

stoichiometry 2:1 may facilitate inter-dimer insertion

42



Acknowledgments

* Funding
* PHC franco-cubano Carlos J. Finlay - Campus France
* Embajada de Francia

* People
e Dra. Yoanna Alvarez Ginarte (UH)

* Elena Moreno-Castillo, MSc. student (UH)

Alberto Bencomo Martinez, Ph.D. student (CIM-UH)
* Roy Gonzalez Aleman, Ph.D. student (UH)
* Dr. Luis Montero Cabrera (UH)

e Dra Chryslaine Rodriguez Tanty (CNC)

43



