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l Supramolecular Peptide Assemblies (SPAS)

Inspired by Highly ordered Protein Sections o
Short Peptide (n £ 10) » self-assemble KYF

» nanostructures
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q’_g Wﬁ \© Reches, Gazit.\©
I Science 2003, 300, 625

} YOO

Frederix, Tuttle, et al.
Nat. Chem. 2015, 7, 30

KLVFFAL

Self-assembly
Spontaneous formation of Li, Lynn, ez al

. . . J. Am. Chem. Soc. 2016, 138, 3579
highly ordered nanostructures in solution



l Supramolecular Peptide Assemblies (SPAS)

N

Small Simple Molecules — Complex Biomaterials



l Chemical/Structural/Functional Diversity

Sequence encodes
structure, properties,
& function
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l Chemical/Structural/Functional Diversity

Sequence < Morphology

(o]
O 2D sheets \©

)qu I
O. ) N \/”\o

L
O 1D Fibres \©

Hughes, Uliyn, ef al. Soft Matter, 2012, 8, 5595




l Chemical/Structural/Functional Diversity

Sequence < Crystallinity «» Biocompatibility

Hydrophobic tail Structural hydrogen bonding Cationic charge PA 1
NH, NH,

PA 1 C,cHj,0-Ala-Ala-Ala-Gly-Gly-Gly-Lys-Lys-Lys N

\

H2
NH,
J\{NHQ
o)
H

NH,

O%H O%HOG%HO H O
/\/VV\/\/\/\J\N N\g)\N N N N\é)KN
H O@H o) H o H o ~_H
N

PA 2 C,zH3,0-Val-Val-Val-Ala-Ala-Ala-Lys-Lys-Lys

2

4.7A

Crystalline
Vs
Non-crystalline

Intensity (a.u.)

08 1 12
q(A™)
Newcomb, Stupp, et al. Nat. Commun., 2014, 5, 3321



l Chemical/Structural/Functional Diversity

Structure Function

Understood?

- Proteins /]
- SPAs g



l Experimental Challenges in SPAs

Characterization techniques from Proteins
~ Same techniques (chemically identical)
~ Different interpretation

( ET-IR )

~ Different interpretation

B-sheet:
Fmec-AA hydrogel
S

R absorption

antipealel

1550 1600 1850 1700 1750 1550 1600 1850 1700 1750
Frequency (cm"‘) Frequency ccrrr1)

IR absorption

Sasselli et al. Langmuir, 2013, 29, 9510
\_ S J

fCircuIar Dichroism (CD)\
~ Non-perfect 22"V structures
~ No orientation information

Peptide 1 ——B-sheet
Peptide 2 ——a-helix
——random coil

Ae (Mlcm)
Ae (Mlcm)

190 210 230 250 190 210 230 250
A (nm) A(nm)




l Experimental Challenges in SPAs

Characterization techniques from Proteins ( FT-IR A
~ Same techniques (chemically identical) ~ Different interpretation
B-sheet:

~ Different interpretation
P aniipesallel

— Cannot resolve structure e ] ch.Mhydm.: |
" o " I—,\M
- ': {',“" -
. Af y .’ 2
4 ’\ : ok

IR absgorption
IR absorption

1550 1600 1850 1700 1750 1550 1600 1850 1700 1750
Frequency (cm"‘) Frequency (cnr1)

asselli et al. Langmuir, 2013, 29, 951 9

Circular Dichroism (CD)\
~ Non-perfect 22"V structures

~ Fiber diffraction Model from crystal ’ te _
P B - - ~ No orientation information
% 1 an — 3.40
. ; P Peptide 1 ——B-sheet
144 7.3 // /J—\\L \_ Peptide 2 —a-zeﬁs ,
——random coil

Ae (Mlcm)

N |
) | I
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b / 406 579 ‘ 72
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k Houton, Adams, et al. Langmuir, 2012, 28, 9797 ) Klgo om0 BY AR 29
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l Experimental Challenges in SPAs

186934
J_J ) Ma | ot t ctur ~ PDB Archive @ Q
J Ena | E 'Th 1ghs
PROTEIN DATA BANK ResearchandEduc t Advanced Search | Browse Annotations Help@
WSELEIIDE g o g Weddwde
GO $E0H @eeo Blime (G EE- avoo |

Huge Protein Crystals Databases:

~ Structure = resolved with A resolution
~ Benchmarking of:

- Characterization techniqgues

- Computational methods (MD, a-fold...)




l Computational/Experimental Symbiosis

Improved
Data

\

Material
Optimization

Screening
Methods

Sasselli, et al.
Soft Matter, 2016, 12, 8307

Simulation
& Analysis



l CG Self-Assembly Simulation wri¥sMartini

U e 8 His 3 Met Thr

1-4 (1-2) Mapping g") ! 8 o 8. ! Q,

Reproduce/Predict: 1 bead = 12 atoms | g~ 8~ 8 8~ b
Self-assembly from scratch g~ o~ B g

Monticelli, Marrink, et al. J. Chem.
Theory Comput. 2008, 4, 819
38 beads > 235 atoms $Remp
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l Self-assembling Peptide Design

O ey U

1_, \ \© @:@ @:@ @\ Hydrophobic core

repetitions

- Hydrophilic surface
Phenylalanine L
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l Self-assembling Peptide Design

e e
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l Self-assembling Peptide Design

Glutamic acid

Phenylalanine

repetitions
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Hydrophilic surface
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l Self-assembling Peptide Design %
Glutamic acid \AH( \)Elv \):i Hydrophilic surface g‘ﬂﬂm‘ﬁiﬂi}mi;mmmmm"mm&ﬁm’e mm‘m\m
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l Self-assembling Peptide Design a%
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l Protein-Peptide Co-assemblies

~ Peptide Assembly:

T G

~ Engineered protein:

. - CTPR + 1-2 Peptides
| Aitziber L. Cortajarena




l Protein-Peptide Co-assemblies

~ Peptide Assembly:

u ’% CTPR protein i_} ll iﬁ

~ Engineered protein:

» =~ CTPR + 1-2 Peptides
'~ Aitziber L. Cortajarena

CTPR decorated
assemblies



l Protein-Peptide Co-assemblies

1-dimensional
fiber

oy
v




l Protein-Peptide Co-assemblies

2-dimensional

‘ paracrystal
I, &7 = M




l Peptide Self-assembly Optimization

poietse e e -
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i : i ] Cortajarena, Sasselli, et al.
l Peptide Self-assembly Optimization Agsﬁj()goza;fjg,msoa
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. : : _ Cortajarena, Sasselli, ef al.
l Experimental Validation — E7 Selected s . 19 16300
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1N- ] _ i Cortajarena, Sasselli, et al.
l Protein-Peptide Co-assemblies e e

1-dimensional
fiber

A

protein:peptide ratio
1:14 1.7
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1N - ' _ i Cortajarena, Sasselli, et al.
l Protein-Peptide Co-assemblies e e

2-dimensional
paracrystal
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%1.5 /\ /
-='1.01
%0.5- }/
0 10 20 30 40 0 10 20 30 40 50 60
2>~0.00 ym Distance(nm)
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Cortajarena, Sasselli, et al.

l Protein-Peptide Co-assemblies ACS Nano 2025, 19, 16500.

2-dimensional
paracrystal

(Tunable 2D materials )
- Controlled thickness & morphology
102
. —e-E7
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B':;Zﬁ%‘:;ar % 1o ~4-2D coassembly
Drop-castec;““‘-..,‘ Interdigitated *;
film electrodes ©
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oxide 30 40 50 60

\ R.H. (%) j




l Self-assembling Peptide Design v%

P Library: h RS -
N ‘ Y q ® +q




l SPA Library with Charges: -9 — +9

Peptide Charge | Name Peptide Charge [Name Peptide Charge [Name ‘ Glu Negative

I o | = [ddd o | o (RRR | o | R raropnon

Sasselli, Alvarez, Cortajarena, ef al. Adv. Sci. 2026, 13, €07946



l SPA Library Screening using CG-MD

Peptide Charge | Name Peptide Charge [Name Peptide Charge |[Name ‘ Glu Negative

-6 | E6 “* +3 | K3 m +9 | K9 | 9§ " | Hydrophobic

i

NI E9 K9

E | - Wy | MARTINI 2.2 vs MARTINI 3 screening

CE‘% ‘ | | ﬁ | | -~ MARTINI 2.2: all SPAs self-assemble

i - MARTINI 3:  discrepancies at g A\ (£6-9)
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= B8 L . 0

© A L] ‘ o 7]

2 ";e ¥ ¥ g =
5 15- 1 E3
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o 10 —1 K3
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l SPA Library Screening using CG-MD

Peptide Charge | Name Peptide Charge [Name Peptide Charge [Name ‘ Glu Negative

-6 | E6 M* +3 | K3 m +9 | K9 | 9§ " | Hydrophobic

i

NI E9 K9
E | e o MARTINI 2.2 vs MARTINI 3 screening
CE‘% ‘ | ﬁ | -~ MARTINI 2.2: all SPAs self-assemble
i - MARTINI 3:  discrepancies at g A\ (£6-9)
‘= - | ; ".
= B L
e = E6
s ™\ % 157 1 E3
q = £6-9 > electrostatic repulsion @ pH 7|5 101 —
- K (pk,=10.53) > pH 9 2 5- ———
- E (pk,=4.25) > pH5 2 1- - KO

g J Martini 2.2 Martini 3




l SPA Library — Experimental Characterization

All peptides form fibers:
= Size
= morphology
= Intermolecular order

200 220 240 260
A(nm)



l SPA Library — Experimental Characterization

-

All peptides form fibers:

~ Size
morphology
Intermolecular order
mechanical properties

Q

R

o
Supramolecular fibers

I I I
10 10° 10" 10° 10°

Shear rate (1/s)
KO 4
K7 s 107 P —
K e Q K7
g 102-\/\ ~ T
£ N
3 \
10° ; . . :
200 220 240 260 10" 10° 10" 10® 10°
A(nm)

Shear rate (1/s)



l SPA Library — Experimental Characterization
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l Electrostatics Modulates Cytotoxicity Y
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/Charge affects survival: \

~ Negative charges:
A survival
— Positive charges:

0_
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o i HH ST T R - A interaction with membrane
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0- =l WK Qasselli, Alvarez, Cortajarena, ef al. Adv. Sci. 2026, 13, 07946




l Electrostatics Modulates Bioactivity

Hierarchical clustering heatmap of

differentially abundant proteins:
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~ A\ positive regulation of
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Sasselli, Alvarez, Cortajarena, ef al. Adv. Sci. 2026, 13, €07946



l Electrostatics Modulates Bioactivity

Hierarchical clustering heatmap of

differentially abundant proteins:
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l Electrostatics Modulates Bioactivity o

4
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l Take Home Messages

Symbiosis:

-

Design of Complex Architectures

- 2D Protein-Peptide Co-assemblies

1-dimensional
fiber

4

Engineered protein

.

Peptide self-assembled
fibers

A==

Engineered protein

Coassembly

2-dimensional
paracrystal

Cortajarena, Sasselli, ef al.
ACS Nano 2025, 19, 16500.
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Library of peptides (g=-9 — +9):

—> Electrostatics Effect in Bioactivity

human Neural Progenitor Cells

Adhesion
Communication
Neural differentiation

Metabolic adaptations
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