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NSF Biomaterials Workshop: Important Areas for
Future Investmentz June 1920, 2012

A NSF planning: Ashley White, David Brant, Jakkarg started
November 2011

A Steering committee: Kristi Anseth, Dennis Discher, Lara Estroff,
PaulaHammond, David Tirrell

A Graduate student participants: DavB®ingal, LarryDooling,
Debra Lin AnasuyaMandal, Mark Tibbitt

A 41 universities and companies represented
A 18 representatives from 6 federal agencies

A 9 plenary lectures, education panel, breabut sessions
I Hard materials and composites: Latastroff
I Soft Materials: Dennidischer
I Cellz Material Interactions: KristiAnseth
I Dispersed Systems: Paula Hammond
i Thin Films and Interfaces: David Tirrell

A Report preparation supported by JameSwyers



An alternative framework from the NSF Biomaterials
Program webpage

A The Biomaterials program supports fundamental
materials research related to (1) biological materials, (2)
biomimetic, bioinspired, andbioenabledmaterials, (3)
synthetic materials intended for applications in contact
with biological systems, and (4) the processes through
which nature produces biological materials.

A Projects are typically interdisciplinary and may encompass
scales from thenanoscopicto the bulk. They may involve
characterization, design, preparation, and modification;
studies of structureproperty relationships and interfacial
behavior; and combinations of experiment, theory, and/or
simulation. The emphasis is on novel materials design and
development and discovery of new phenomena.



Over-arching Themes Scientific Concepts

A Complexity

I In composition, structure and function

A Hierarchy

I Control and analysis (both experimental and theoretical) on
multiple length scales, importance of interfacial interactions

A Dynamics and Adaptation
I Response to signals and stresses

A Healing
I Selthealing structural materials, promotion of biological healing
processes
A Morphogenesis

I Autonomous control of structure, programmed cellular
morphogenesis



Over-arching Themes Practical Impact

A Health

I A $200 billion medical device industry dependent upon fundamental studies of
interfacial phenomena, celmaterial interactions, particle synthesis and
characterization, sensors and diagnostics

I Longerterm impact in cellpowered implants, virtual patients, materials that
anticipate and prevent disease, materials that adapt and grow

A Energy

I Harvesting of light, solar energy systems, controlled assembly of batteries,
systems for fuel production

A Manufacturing

I Heterogeneous enzymatic reactors, enzymes of improved stability and activity,
materials morphogenesis

A Environment

I Biocatalyticsystems for environmental remediation, selective membranes for
water purification, particle consortia, particle quorum sensing

A Safety and Security
I Sensors, protection of food and water supplies, energlispersive materials



Over-arching Themesz Needs and Recommendations

A Synthetic tools

I Control of molecular architecture, particle structure, patterning,
presentation of functionalbiomolecules stable proteins

A In situcharacterization

I Hydrated systems, buried interfaces, cathaterial interactions,
amorphous systems, functionally graded systems

A Rapid discovery

I Data mining, combinatorial and higithroughput experimental
methods, integration of experimental, theoretical, computational
and modeling approaches

A Scaleup

I Micro-and nano-scale technologies, biological synthesis

A A particle foundry

I Synthesis, scalelp, characterization, standardization, distribution,
training



Over-arching Themes Education

A Reach diverse audiences

I Students in biomaterials science and engineering, in other fields,
and in the first year

A Ensure scientific rigor
I Balance breadth and depth, avoid superficial surveys

A Engage industrial scientists

I Case studies of practical successes, discussion of ethics and
professional responsibility, career options and decisions

A Share what works
T Online resources, social networks

A Embrace biology

I Cell and developmental biology, cell signaling, physical biology



Hard Materials and Compositeg Opportunities and
Challenges

A Interfaces in composite materialg control and
characterization at the atomic level

I Creation of organic and inorganic interfaces and
interphases

I Characterization of structure and properties
I Modeling of structureproperty relations, development of
predictive models
A Exploiting genomic information
i Elucidation of the molecular basis of materials biogenesis
I Genetic engineering of organisms for materials production

A Penetrating biological complexity

I Identification of critical length scales and levels of
hierarchy

I Strategicbiomimicry. Can we reduce complexity and
capture function?
A Engineering morphogenesis
I Understanding biological morphogenesis
i Creation and analysis ahorphogen gradients

I Harnessing control of molecular assembly and disassembly
to achieve morphogenetic control




Hard Materials and Compositeg Scientific Questions

A Bioprospecting

i Identification of biological materials with _|B o Plcp2 LipSis SN TicpZ
exceptional properties (e.g., from organisms in
extreme environments) e

live cell

A Omics bioinformatics and phylogeny as
routes to materials discovery

I Identification of genetic information encoding
biosynthetic pathways;phylogenetic
comparisons; analysis of large data sets

A Characterizing and exploiting amorphous

phases
I Use in synthesis of conformal coatings and
composites | Bone CC DZC/MZC SzZC
. . —— — r | o 1
Bu rled Inte rfaces Normalized Distance Across Interface
I Synthesis, simulation and in situ characterizatio g 2 o o .

Design of functionally graded systems

I Preparation and characterization of gradients in
composition, structure and function

A Hierarchical composites by design

I Control across multiple length scales; integratio
of theory and experiment
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Hard Materials and Compositeg Technological
Needs

A New characterization tools

I Non-destructive, highly
sensitive, spatially and
temporally resolved

A Tools for data mining

I Databases and material
Information systems

A Bioreactors with spatial and
temporal control

A Scalable methods of
synthesis and fabrication

A Theoretical tools for
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Soft Materials z Opportunities and Challenges

A Mining and emulating the adaptive capacity of natural
materials
I Response to signals and stresses

A Making matter active and capable of morphogenesis
I Motion, change of shape, production of work, growth

A Probing genomescale complexity for evolved biomaterials

I Systems of many components, emergence of form from genetic
Information, evolutionary insights into materials optimization




Soft Materials 7 Scientific Questions

A Which soft biomaterials systems are best
suited for understanding adaptation?
I Physical and chemical determinants of
adaptation in nature

I Extracellular matrices, membranes and
membrane fusion

I Assembly of filaments and viruses tissue

A Blurring the boundaries between natural \\%\\

and synthetic materials B\
I Cellmaterial composites; materials that \Y 2\

sense the environment, exhibit dynamic
behavior and do work

i Cooperativity, crowding, coupled
Interactions
A Can we understand biomaterial
complexity and make matter evolve?
I Ultrahigh-throughput experiments,

combinatorial synthesis, determination of
properties at high rates on small samples




Soft Materials 7z Needs and Recommendations

A Adaptability of hierarchical matrices

I Fundamental understanding of biological
matrices

I Exploitation of covalent and norcovalent
interactions in synthetic matrices

I Methods for sequencing and synthesis of
polysaccharides

A Hybrid molecules for assembly of
nanostructures and hierarchical
materials

I Integration of biological function into
synthetic supramolecularsystems

A Cyberdiscovery

I Integration of experiment, theory and
simulation

A New tools for understanding

complexity
I Ultrahigh-throughput @
experimental methods S




Cellz Material Interactions: Opportunities and
Challenges

A

Improve biocompatibility of implanted
biomaterials
i $200 billion annual market in biomedical
devices
T Foreign body reaction compromises
performance
I Sensors, electrodes, drug delivery devices,
OAOAOI AO COAAO0OS
Engineer responsive and multifunctional
materials for cellular control
i Bidirectional signaling and dynamic
adaptation
Harness developmental and regenerative
biology

i Stem cell renewal and differentiation;
patterning; generation of tissues and organs;
cellular dedifferentiation

i Temporal regulation of signaling
Combat disease and stimulate the
immune system

I Suppressing pathogens

I Programming immune cells

Interactions with ECM proteins

Cellular outgrowth

Localized expression of enzymes—.

Mechanotransduction pathways ——0 O—Dynamlc remodeling of ECM
\

Isolate or recruit

Direct appropriate

cell-material interaction
Unactlvated Cells

Cell-Material Interactions

Activate immune

Confer immunity or cells

fight disease
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Cellz Material Interactions: Scientific Questions

A How do cells interact with and
sense materials?

I Implanted materials remodel (e.g.,
through protein adsorption); what
does the cell see?

A What signals are needed to direct
cell function?

I Cells integrate multiple signals across
length and time scales

I Context-dependent signaling
requires combinatorial methods of
study

A What are the key differences
between 2D and 3D environments?

I Synthetic methods, oxygen
transport, in situanalysis

A What can we learnn vitro?

I Defining and capturing the essential
features of thein vivoenvironment




Cellz Material Interactions: Needs and
Recommendations

A Chemistries to probe and direct cell R eWER YL
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Dispersed Systems: Opportunities and Challenges

A Nanoparticlesfor drug delivery

I Targetlng by Shape Slze 3nm Diameter 90nm Diameter 500nm Damet 7>m Diameter 50>m  Diameter 100>m
mechanical properties and 3L, R
molecular recognition

A Bioengineered templates for
wires, electrodes and devices

A Catalysis and reaction
engineering
I Particulate enzymes
i Compartmentalized e A o e T S
microreactors
A Environmental protection

I Particles that seek and destroy
pollutants

A Sensing
I DNA detection; quorum sensing

Diameter 80>m




