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IRG 1: Vision and Goals

Challenge: What material characteristics control
flow in disordered solids?

Goal 1: Determine how rearrangements
proliferate and interact beyond yield
strain

Goal 2: Manipulate cooperative
evolution of these rearrangements to
widen window between onset of plastic
flow and failure by fracture
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' IRG 1: “Softhess” as a descriptor

1 1, .
Softness’: a structural descriptor P

identified through machine learning  86% CV Accuracy o

— Propensity of a given particle grouping
to rearrange upon yield

Yield Stress, 0, (GPa)

— Analogue to dislocations in crystalline

-
Y Scftness 5 108 F

solids 3D LJ simulation 3D colloid experiments
. 90% CV Accuracy 77% CV Accuracy [,
Experiment and theory show that —— il -

Youny's Motulus, € (GPe)

softness captures yield behavior
across large length scales

— Disordered solids display common

. . 3D polymer simulation 2D granular experiments
behavior below & near yield 93% CV Accuracy 80% CV Accuracy
— Spans seven orders of length scale " s
— Atomistic to mesoscale
6.0
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Cubuk, ... Arratia, Carpick, Durian, Fakh
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IRG=1: Connecting Structure to Dynamics

Attractive Thermal Colloids Repulsive sheared colloid

Glass-oll-water
oomac} line

"Excess entropy” as
measure of disorder
compared to ideal gas

AR

configuration o

It is a structural quantity %*f%_,_@,_@ ¥ N

g

&g By < E

— Can relate long-term ol s “3?;5?.@ z il
particle diffusion to g 5 o

structure
Ma,...Yodh, J. Chem. Phys., Galloway, ... Jerolmack, Yodh, Arratia,

from relaxation dynamics
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IRG 1: Controlling toughness

~ 30 nm
|

Capillary rise infiltration (CaRl)

Infiltrate high T4 polymers into

nanoparticle packings T ol [£ B N
2o ¢
High T4 polymers for glassy, s %z:j.___*i_f{__;_q. _____
o . » o2lp? & ¢
solid bridges between -
particles 1 |
— Increased toughness with increase =/
in polymer volume fraction Brittle Plastic
Failure Failure

Hor, ... Riggleman, Turner, Lee, ACS Nano, 2017.
Jiang, ... Lee, Turner, ACS AMI, 2018.
Wang, ... Lee, Fakhraai, ACS Nano, 2018.
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IRG 2: Vision and Goals

AL =W AN IS G N

Challenge: Understanding and harnessing P . 7
structural, chemical, and mechanical complexity gq g('h) .
IRAY

-
r
.

Goal 1. Design and synthesize new o

fibers and crosslinks

Goal 2. Create and characterize new
network geometries for tuned response

Goal 3. Integrate chemo-mechanical
function into networks

MRSEC




IRG2: Tissue Mechanics in Fibrous Networks

Experiments on mammalian tissues A SN SR ::09"
led to an unexpected experimental %’ %_m 5002
finding: : § | o mgz
— Shear modulus increases in compression = - % g
Theory shows that if cells that " s )
surround fibrous collagen are Axial compressive load

density: 6% density: 45%

incompressible:

— Strain distribution is inhomogeneous S sm F
— Leads to tension in the matrix, which g’ “"’;"2
translates to compression stiffening overall £ 01
.. . . . compression | = V 0.0
Similar observations in plant tissues v K5
<x & ~<
— Behavior appears universal ) '/t/ N
. g
S

> ~ Cell density
e Elongational strain MRSEC




IRG 2: Self-reinforcing fibers

Self-adhesive multi-fiber materials
. . f iabl Mixed fiber populations electrospun with chemical
Engmeermg OT variable groups that form bonds when brought into contact

adhesion strength during
electrospinning

. . Strain
— Controls reordering of fiber

network

— Leads to control over deformation
« Moldable

« Fully reversible
Can be used to guide
cell differentiation

Micro-scale strain measurements track
effect of fiber adhesion

4> Fiber network model

" Davidson, Ba




IRG 3: Vision and Goals

A

Challenge: How to create nanocrystalline
architectures with control over order "beyond
perfection”

Goal 1. Link nanocrystalline self-
assembly and template approaches

Goal 2. Utilize control over soft
matter to guide NC assembly
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IRG3: Shape transitions in LCO

Crosslink :
P e e L S / \H ?aln extender
oo oo hO{R‘O\ﬂ/\/NWOIR‘O
> 0 o] o) o

Nematic LC oligomer (LCOs)  Crosslinked LC polymer (LCP)

At high temperature (T), simple
spherical drops form.

Spherical drops experience
spectacular, reversible shape-
transitions on reducing T

* Yields filamentous networks

Surfactant concentration, LCO chain
length distribution, and T control the
shape-transitions.

Depends on delicate balance of LC elasticity and
surface tension

qu MRSEC




3: Exfoliation & Dispersion of 2D-MoS, in LCs

Controlled interactions with mesogens lead to the formation of stable
MoS; dispersions in solution and thermotropic liquid crystalline phases.

/\g"

RM105

I Magnetic alignment
Stability in LC phases
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Insight into anisotropic properties of 2D-MoS,




-ssembly of Protein Polymers into Membraneless Organelles

Disordered Dynamic Condensate Cell
Protein Polymer Toterbrane

clusters
e bod
Signalling q(_}em e
. puncla Paraspeckle
ot O g
domain h:"_f;’
: P body PNA-Q i
| ’ Q;}bodv damagc foci li‘erlmllcleolar
( dynaplic Y Nucleolus & compariment
<4 densities . Nucleus
~ RNA (.dj_;’:;,:le ?Clcavagc
6 lransporl body
granile = N l2ar O::(;.;ne locus
Balbiani B e
gody bady QfNut:lwu

g ‘ porc.complex
Germ
granule

5 nm polypeptide Membraneless organelle
| ] ]
1nm |
I
nm 1um 10’s um - mm

Gomes & Shorter, JBC 2019
Banani & Rosen, Nat Rev Mol Cell Biol 2017

Liquid-Like Materials that Drive Cellular Organization and Function via Compartmentalization
MRSEC




SuperSeed Goals

Novel Materials
Design from
Coacervating Proteins

Predictive Rules for
Phase Separation

Engineered
Membraneless
Organelles

Sequence Defined

Selective 2
Condensation

Coacervation

¢ =10 im ‘1 mintes

Polypeptide

Light Designer
Regulated —— 2  Surfactant
Assembly Proteins

| SIS S Composites
Rules of Life Novel Materials Applications

Sequence determinants of IDP phase separation Designer coacervating materials; tunable properties
Fidelity of protein condensation in a living system Orthogonal protein compartmentsin cells
Membranelles organelle function Control of cell behavior through synthetic membranelles organelles
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deam: Theory and Experimental Expertise

Liz Rhoades

Chemistry
IDP Biophysics

Matt Good

Cell & Dev. Biol.
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Cell Biology
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Bioengineering
Protein Engineering
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iht #1 : Sequence Determinants of IDP Coacervatio

|dentify Sequence Design of New Selective Coacervation
Rules Sequence

e s (T I I —mror

| MESNQSNNGCSCNAALNRGGRYVI

A YRRGGCNS ¥YDR 3

I YNDNREDDRDNRGGS YGRDRNYE [N

| DROYN ST VNIIRGE & (NI T I T

H YNRQDRGD SNFSRGGYNNE 0 25 50 75 _100 125 150 175

' DEGSDNRCSCGRSYNNDRRDNGGDG Residue

Tunable LLPS
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b Sl
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3 £ &
| Sl |
@ 0.0 EornT. o
£ > zlszz\feAi@ssi:zf ¢ Garabedian et al
g Pl e Schuster et al, PNAS 2020 manuscriot in prep 2021
L — Schuster et al, Nature Comm 2018 ptin prep
Algrment Feskde Index Dignon et al, Plos Comp. Biol. 2018
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Highlight #2 : Engineered Interface Properties

Sequence Design Surface Active Agents

MDEAEDGSGGNNGNGSGYGGRDYDGDGGGNGGSYA
DNGDGRDGDDGGAGGNGSGSDGGDNPDDGLRGRGR

GNGGFGNGNRGGSREGGGRGYSDNGNSHGDNNRSP N GFP c
AGQAYGSDARRSGRRGGRNNGSNRNRGRYGRGONY IDP L — HEERGG
YLRYGRAYNGRGRGNGANRARYGNGVGGLE Surfactant \{ Domainz {Doman2H RGGE c

low [surfactant]

Sequence #917

SCD =-6.34

Droplet Fusion Blocked

Composites of tunable size
5 0 MRSEC
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Highlight #3: Light-Responsive IDP Materials

Stable Protein Coacervation d%\.;g Valency Increase for Stable
Using a Light Induced Transition & Coacervation of IDPs
MBP RGG ;‘ ¥ ’ Rapamyan — :
405 mLy, [{RGG {iSeaetRGG- : & — RO HIEEE
& FKBP Heterodimer
Dark [lluminated (405 nm) dRep 4 LIGHT

—» { RGG i gl RGG

photocaged

p—

Single Pulse; Condensates stable over time
Reed et al, ACS Syn Biol 2020

Garabedian et al, under revision, Nature Chem Biol 2022
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