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TAIBP protocol for calculating IDP conformations

A. interval Branch-and-Prune (iBP) runs
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ACS Omega. 2026
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Influence of
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Approach for Calculating
Protein Conformations. J
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TAIBP protocol for calculating IDP conformations

Cutting the protein in fragments TAIBP: Threading-Augmented

Combination of @, W input boxes interval Branch-and Prune
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SERF1a disordered protein

Modifier of Aggregation-4/Small EDRK-rich Factor (MOAG4/SERF)

ell expressing aggregation-prone.
disease protein

&

Inactive Active MOAS-4/SERF
MOAG4/SERF drives aggregation

=
Aging ;

(
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Rescue fom proteotoxicity

Proteotoniolty

Van Ham et al, Cell 2010

Anucleolus is the part of a
eukaryotic cell where
ribosomes are made. Seen
under a microscope, the
nucleolus is a dark spot
inside the cell's nucleus. It
is made up of dense RNA
and proteins e

Nucleus

Collab. JH Lin, S Huang and C-F Chang
Academia Sinica, Taiwan

Family of proteins being positive regulator of
aggregate formation :

- for polyglutamine diseases

- for amyloid-beta

- for alpha-synuclein

SERF1a binds directly to RNA and improves RNA duplex formation
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Processing NMR chemical shifts into ¢, boxes
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NMR assignment

+
generation of SERFla
conformations using
CYANA-FLYA

Sets of conformations
CYANAG8

generation of SERFla
conformations from
NMR chemical shifts
by systematic
enumeration using

Filtering of SERF1a
conformations by fitting
of SAXS curve using
PEPSI-SAXS

TAIBP68

TAIBP6_Rg1.1

Filtering SERF1a conformations using SAXS curves

Conformational
landscape

and internal
L» dynamics

Interaction with
a-synuclein

i Grudinin S, Garkavenko M, Kazennov A. Pepsi-SAXS: an adaptive method for rapid and accurate computation
TAIBP
of small-angle X-ray scattering profiles. Acta Crystallogr D Struct Biol. 2017
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Landscape of SERF1a conformations at pH 6 and 6.8

Sampling of the conformational space of SERFla
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Yoshimura et al, 2017
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SERF1a internal dynamics

NMR relaxation analysis
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SERF1a inter-molecular interactions

Analysis of possible interaction pockets in the filtered SERF1a conformations
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Titration by a-synuclein

Isothermal titration
calorimetry (ITC) :
At pH 6,

A dissociation constant
(Kd) of 0.82 pum

An enthalpy change
(AH) of -59.66 kJ-mol—*
An entropy change (AS)
of -83.58 J-mol™* -K™*

a

5N SERF1a
1.0
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mL5
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85 HEN (ppm)

5N SERF1a : a-Syn
12
|15

SERF1a residue number

[ayae



SERF1a and condensats

SERF1a/a-Syn cophase separation

Confocal microscopy images of
the EGFP-SERF/a-Syn complex

senF/asyncen
cophase separation

0 Day 3Day 7 Day

SERF
a-Syn
Lowtoncy
N\
Merge o~ —_ ,\//
N/

Pass Quickly

Figure 6. Schematic ilustration of the process and function for the SERF/a-Syn cophase separation in the cell

Liu HN, Wang T, Hu JJ, Chen L, Shi X, Li YM, Luo SZ. The disordered protein SERF promotes a-Synuclein aggregation through liquid-liquid phase separation.
J Biol Chem. 2024



SERF1a and electrostatics

Variations of the interactions within the helix

C terminal Helix 2
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Schematic of oppositely charged
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coacervation and releasing
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Conclusions

“The Threading-augmented Interval Branch-and-Prune (TAIBP) has generated sets of
SERF1a conformations verifying the whole experimental knowledge available protein
conformatioal space.

“The TAIBP conformations agree with nternal dynamics measurements.

*The NMR measurements at two pH values along with the analysis of representative
conformations provides a model of the SERFla-aSynuclein interaction.

. N SERFla: a-Syn -
TAIBP | =0

mis Cter
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Coarse-graining of
proteins from the
geometry of secondary
structure elements



Coarse-graining of protein structures

Bottom

de Jong DH, Singh G, Bennett WF, Amarez
C, Wassenaar TA, Schifer LV, Periole X,
Tieleman DP, Marrink SJ. Improved
Parameters for the Martini Coarse-Grained
Protein Force Field. J Chem Theory
Comput. 2013 Jan 8:9(1):687-97.

Siewert J Marrink
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Membrane proteins

Channel and transporters Vesicles fusion
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Pore-forming proteins
Sylvia Freeman, www.expii.com

hydrophilic

N-terminus &}P

The protein/membrane system is highly S
flexible T hyarophobic

C-terminus.

Respective influence of the two interaction
partners

Sparse structural information

Complex multi-body system

Hong et al, Molecules 2019



Pore-forming toxin

PDB: 1Q0Y

Cooperativity =————»  PDB:2WCD

cytolysine A (ClyA) : enteropathogens Escherichia coli and Salmonella
destroy cells by causing their lysis



Coarse-grained model of protein-membrane interaction

WCA potential
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Cylinder modeled with a tensegrity structure

Table1 Equilibrium lengths req used to define the cylinder tensegrity (see eqn (6)). The state of the harmonic bond depends on whether req is smaller or
larger than the geometrical distance ro between the beads at the beginning of the simulation. The parameters of the bonds between the peripheral beads

of adjacent disks depend on the angle «, obtained from egn (5) with R, = 2rsin % Ry = 2rsin w and R; = 2, sin wﬁ; “". Note that R, = R, for o = 30
Beads o Teq State c

Within the same disk Te 12r.

Within adjacent disks

(1) Center and peripheral V2re L2r. Stretched

(2) Center and center Te 1.2re

(3) Peripheral and peripheral

oy # 30°

1st neighbors CPHRD 105\ ()P (R

2nd neighbors (7o) +(Ra)* 0.954/(re)*+(R2)* Stretched

3rd neighbors (re)’+(Rs)? 0.954/(re)*+(Rs)* Stretched

%o = 30° P p p p -
1st neighbors (re)™+(R1)” LOSA/ (re) +(R1)” ="
2nd neighbors (ref+(Rs)* 0.95y/(re)*+(Rs)? Stretched

1 2
Veyt (r)= Ekcyl (r - req) )

a = 140°

where ke, = 200¢ /o = 778 pNnm™! is the spring constant and
Teq is the equilibrium length of the bond.



The tensegrity cylinder is elastic

101 & a=0° van Reenen et al. \
Poe=10° 2 Biophysical J 2013
] I w20 ;;i:r’; Janssen et al.
— I a=30° Mt Biophysical J 2011
L ;;ai’f E
£ 0] I,Tv,ii IgC protein :
i;;:ff experimental
5437 {i torsional rigidity
%% ranging from TcylL
500 to 5000 pN nm? o0 = ——
G T 5 ,('21 5 10 15 To1= torque SX

Table 2 Torsional rigidity y and its standard deviation ¢, obtained from
the linear regression of the simulation results of Fig. 2 together with the
shift 3o from the nominal value «q for vanishing external torque

to (deg) % (PN nm?) o, (pPN nm’) S (A = 0) (deg)
0 2939 29 —0.01

10 2980 28 0.77

20 2956 28 0.73

30 2431 25 0.36



Configuration space
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Klein J, Schad L, Malliavin TE, Miller MM. Protein-membrane interactions with a twist. Soft Matter. 2025 Jun 4;21(22):4336-4350. doi: 10.1039/d4sm01494d




Cylinder orientation in the membrane
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30 + @.=20
d=3 F @.=175 d=4
0 0 60 120 180 0 60 (120 180
°) o (°

«




Cylinder orientation is determined by the hydrophic moment

b

] — d=1
10 d=2
| — d=3
%_ ...... d=4
=
5.

30 60 90 120 150 180

a(®)

1 0 5 fcos(na) —sin(no) u
M= "M, M=
Z ((0 1) +HZ:; <sin(noc) cos(no) >> (0)

o 3o Sor
cos(§> + cos (7) + cos (7) ’

M =2u

Eisenberg D, McLachlan AD. Solvation energy in protein
folding and binding. Nature. 1986 Jan 16-22;319(6050):199-
203. doi: 10.1038/319199a0. PMID: 3945310.



The deformation of the membrane is related to cylinder orientation

30
e 2.0
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The deformation of the membrane is described by the Twister model

Nul Torque

z M

Torque non
equal to zero

@, =2.0 i, =2.25 i, =2.5

Continuous elastic mode - . .

of protein-membrane

interaction - ‘ ‘

Energy of the interaction s
between the torque and o275 30 32

the membrane 5 5‘
+

Energy of membrane
deformation : Helfrich o
model

Emem=JdA(2BmH2+u) B aaanszanas -

Fierling et al.
How bio-
filaments twist
membranes.
Soft Matter
2016




Membrane thinning and thickening
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Grage et al. Membrane Thinning and Thickening
Induced by Membrane-Active Amphipathic Peptides.

Front Cell Devt Biol 2016



Coarse-graining of protein structures

Bottom

de Jong DH, Singh G, Bennett WF, Amarez
C, Wassenaar TA, Schifer LV, Periole X,
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Parameters for the Martini Coarse-Grained
Protein Force Field. J Chem Theory
Comput. 2013 Jan 8:9(1):687-97.

Siewert J Marrink

Down (soft shapes)
10Al

—

. Hydrophobic residues




a-synuclein fonction and pathology

Li A, Rastegar C, Mao X. a-
Synuclein Conformational Plasticity:
Physiologic States, Pathologic
Strains, and Biotechnological
Applications. Biomolecules. 2022 Jul
17;12(7):994.

1XQ8
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Ulmer TS, Bax A,
Cole NB,
Nussbaum RL.
Structure and
dynamics of
micelle-bound
human alpha-
synuclein. J Biol
Chem. 2005 Mar
11;280(10):9595-
603.

|

i

q
WL\/\“\/-/‘ ’»(."

s —— g
e oy wmm L o ?;% 6A6B
e ¥

LiY, Zhao C, Luo F,
Multipl Alr -

sw . Liu Z, Gui X, Luo Z,
” — Zhang X, Li D, Liu C,
p— X Li X. Amyloid fibril
s — ; — § ciPathology structure of a-
S Fibl synuclein determined
?ﬁ) — S @) Malntenance by cryo-electron
Olgodendrocytes. afccisian microscopy. Cell Res.
01 stain K ’ 2018 Sep;28(9):897-
e % = C\ = 903,

I




a-synuclein fonction and pathology

Vesicles 0 hr
(x-SyncIein = Vesicles 45 hrs

monomers : 5 Vesicles + monomer 0 hr

syn_aptlc % Vesicles + monomer 45 hrs

vesicles g

cluster z
T T
10
Vesicles 0 hr
a-Synclein = Vessicles 45 hr
flbnls_: 5 Vesicles + fibrils 0 hr
Syn?ptlc 2 Vesicles + fibrils 45 hr
vesicles 2
. S 14
desintegrate =
T T
0.01 0.1
QA"

Stephens AD, Villegas AF, Chung CW, Vanderpoorten O, Pinotsi D, Mela I, Ward E, McCoy TM, Cubitt R, Routh AF, Kaminski CF, Kaminski
Schierle GS. a-Synuclein fibril and synaptic vesicle lead to vesicle and increased lipid fibril uptake into iPSC-

derived neurons. Commun Biol. 2023 May 15:6(1):526Z



a-synuclein fonction and pathology

L3A

CI bms'
S !§ Riay2A
oG Cryo-EM
structures
Acyl chains
Choline nitrogen
Phosphate

Sodium ions

' Chloride ions
Molecular

Dynamics "
3 simulations_;*

Frieg B, Antonschmidt L, Dienemann C, Geraets JA, Najbauer EE, Matthes D, de Groot BL, Andreas LB, Becker S, Griesinger C,
Schroder GF. The 3D structure of lipidic fibrils of a-synuclein. Nat Commun. 2022 Nov 10;13(1):6810.



Towards the modeling of a fibril

Each bead at the position of nitrogen atoms
N

» Harmonic springs between N neighbors in
the sequence, between N connected by
hydrogen bonds and to keep the beta
sheet planarity in order to reproduce the
Raman spectrum of an amyloid fibrils.

v FENE interaction between second
neighbor’s beads

v Mizayawa-Jerningan contact energies
defining the depth of Lennard-Jones-
between beads,according to the type of

PDB 6A6B amino-acid.

Loréne Schad (M2) and Martin Michael Muller, work in progress



Towards the modeling of a fibril

Conformational drift and internal dynamics Relative orientation of the two B-sheets

Coordinates RMSD (A)

—all residues
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0 2500 5000 7500 10000
Frame number

I~ 160

Coordinates RMSF (A)
~
|

34 —RMSF
—B factors [ o

- 120

Rotation angle B-sheets (degrees)

- 100

L s >+ initial structure
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Loréne Schad (M2) and Martin Michael Mdiller, work in progress
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