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Heterogeneity exists in biology in the form of composition and structure spanning
multiple hierarchical (spatial) scales to introduce a variety of functionalities

Collagen Molecule Collagen Fibril Collagen Fiber Fascicle Tendon Unit

o2

Beg

sition

‘3’ HE S o s »
5 it e s b ™) disc
B i : O
g Collagen Auricular cartilage
Fibroblast types | IILV —
Nerve and Costal cartilage
Blood Vessels . . Collagen types . I, 1l
C\-;!laq:;n I Facet joint cartilage
types I, 1X, XI —_m_w
dar 1 " gl L\ S € i
K-dney capsule 280 hm Intenfenrtlabral disc it Y D\,LJ]
: ;._-%;‘%_.; i ity Collagen types II, IX, XI
Q-D K i |
Endotenon Collagen types 1, 11,11l @ & _ JeR manlcus
Articular cartilage == {—%
A | Collagen
L it types |, 11, 1l
Collagen PR N w
types |1, 1X, X1 o )
Epitendinium
= 1 NM <———————100 nm|~—————————1-20 M <¢——20-200 im <————500

Bielajew, B.J. et al. / Nature Review Materials 5 (2020) 730747

NASEM Convergent Manufacturing Workshop Park, D. et al. / Nature Materials 19 (2020) 227-238 F.H. Silver et al. / Journal of Biomechanics 36 (2003) 1529-1553



NASEM Convergent Manufacturing Workshop

Natural Materials Photoinitiators

Collagen 1, 11, 1,
IV, etc. Irgacure 2959
MATERIALS Hyaluronan Riboflavin
DATABASE, Gelatin Rose Bengal
PROCESSES i
Elastin
Fibronectin
PROCESS
DESIGN & Two-Photon Lithography
MODELING W —
PROCESS z
e ' } 2 §
Polymerized Resist X
o / \
o l
Lo |
i
o
o
= MACHINE
10011001110 111101011

LEARNING

* Requires convergence of disciplines

e Utilize smart manufacturing framework
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DEMOCRATIZING THE BIOMANUFACTURING PROCESS
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* Towards scalability

COMMUNITY

COLLEGE
e Facilitates development of a diverse and

inclusive biomanufacturing ecosystem

* Expands biomanufacturing research enterprise
(modeling, experiments)
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e Small footprint, ultrafast
lasers with dynamic
wavefront shaping

e Multiscale (and Multiphysics)
modeling for complex,
heterogenous biomaterials

 New biomaterials and
biocompatible and water
soluble photoinitiators
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