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Our current

materials,
structures
and machines




Our current

materials and
structures




3 billion years of
evolution resulted in super

performing materials and
structures.
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trees

Sequoia
hundreds of tons for hundreds of years



in the sun and UV light




it Is made of






than steel !






Google
£ ebay

Alibaba.com




Pulp & Paper Industry Waste,
a Perfect Source for CN




Pulp & Paper Industry Waste,
a Perfect Source for CNC



11M ton
waste
annually

in Europe alone




Based Solutions
R

Converting
environmental problem

to a goldmine

Electron
Microscope
image of
the CNC



Highly Ordered CNC Films trapping Nano Particles
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Markets Are Moving to Advanced Materials
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Valentls Nevo et al., 2015. RSC Adv. 5: 7713.

nanotech




Saving energy and cost of greenhouses

Blocking IR radiation by CNC-SiO2 NPs

Polyethylene industrial reference
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CNC Foam

SN analysis
of CNC
—20°C foam

[A] [B] [C]

CNC suspension is cast into a mold CNC suspension is being frozen CNC suspension is being defrost
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Traditional cores
are produced from
fossil oil based
materials

Melodea

B0 Basedt Solinons
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Equivalent
to Human

Jumping
400 m High




Production of Recombinant Resilin Engineered With a Cellulose
Binding Domain (CBD)

6His Chitin Binding

(ChBD)

: 5
Elastic repeats =

6His

Elastic repeats

Qin et. al., 2009. Biomacromolecules. 10(12):3227-34.




Adding a drop of resilin
into a stiff CNC foam
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Combining

Plant kingdom strength with
Animal kingdom elasticity



Res-CBD-CNC film

Super performing material




Res-CBD-CNC film

Super performing material !!!

Tough, Elastic, Transparent

Stress-Strain curves of Instron tested NCC and Res-CBD-NCC containing films
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NCC + 0.5% gly
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Tensile Stress [Mpal]
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rougmessmeasurments: o 230% increase in toughness

* Res-CBD/NCC + 0.5% glycerol: 2.36 [MJ/m3]

« NCC +0.5% glycerol: 1[MJ/m3] Rivkin et al., 2015. Industrial Biotechnology. 11(1): 44-58.



Resilin-CBD impose long-range molecular order in CNC films

Polarized optical microscopy

CNC CNC CNC CNC CNC
+ 05 wt. % glycerol +2. 5 wt. % glycerol +5wt. % glycerol +25wt. % glycerol

Res-CBD-CNC Res-CBD-CNC Res-CBD-CNC Res-CBD-CNC Res-CBD-CNC
+0.5 wt. %glycerol  +2.5 wt. % glycerol +5 wt. % glycerol + 25 wt. % glycerol

Rivkin et al., 2015. Industrial Biotechnology. 11(1): 44-58.



Strong
transparent

touch-screens

for smartphones
and computers







Synthetic

medical implants
“screw and glue”




Synthetic materials
fail to perform
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INn nature

organisms

are self
assembled
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is made of
collagen

TRIPLE COLLAGEN HELIX




ARTIFICIAL MENISCUS AUTOGENOUS BLOCK GRAFT BIOLOGICAL HEART VALVE
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“Autogenous block graft” by Dental Specialty Group - Own work. Licensed under “Carpentier-Edwards biological heart valve” by Stif Komar - Own work. Licensed
Creative Commons Attribution-Share Alike 3.0 via Wikimedia Commons - http:// under Creative Commons Attribution-Share Alike 3.0 via Wikimedia Commons
commons.wikimedia.org/wiki/File:Autogenous_block_graft.jpg#mediaviewer/ - http://commons.wikimedia.org/wiki/File:Carpentier-Edwards_biological_heart_

File:Autogenous_block_graft.jpg valve.jpg#mediaviewer/File:Carpentier-Edwards_biological_heart_valve.jpg



Safety is a
big issue




Federal Register
January 12, 2007/:

The FDA is proposing
to prohibit the use of
certain cattle material
in drugs, biologics and
medical devices
intended for use

in humans




Human collagen
is difficult to make

TRIPLE COLLAGEN HELIX



Transgenic
tobacco plants

expressing

COL1a2 P4H
5 hu man COlLlal @ P:::
genes /7 N propeptide

Stein et. al., 2009. Biomacromolecules. 10(9):2640-5.






Large scale Human collagen
produced in tobacco plants
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Recombinant
Human Collagen




rhCollagen has better wound closure rates compared with bovine collagen Vergerﬁ'meG

Fiowable Gel

% wound closure

100

—s—Commercial Control j/—*%/ i
80 1

—=—VergenixFG T P
€0 e -— '

/ Delayed healing wnth extenswe granulatlon tissue.
0 Incomplete epithelialization (arrow heads).

50% in 10 days [ / =

40 / . o '

. /}\\

/ o Good healing with complete epithelialization,

and good wound contraction (double headed arrow).

0 - -
\J
- * Epithelialization was more extensive for the Vergenix™FG-treated wounds
-20 + * Vergenix™FG induces earlier blood vessel formation (angiogenesis) and
0 5 10 15 20 resolution indicating enhanced wound healing, compared to market reference
Days
Shilo et al 2013. TISSUE ENGINEERING:Part A 19(13-14): 1527-1533 CollPlant

~_ Revolutionang Tissue Repair
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Vergen)x~re Clinical trial in diabetic ulcers

fowable Gel

Wound closure after 4 weeks

* 11 patients out of 16 had a wound closure between 80 to 100 %
within 4 weeks and after a single treatment

Patient 1
Day 28

Day 0
(wound closed)
Patient 2 Day 28
Day 0 =0~ 9% . u T — (95 % reduction)
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(FcollPlan
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P01_002_gel injection.wmv

Soft tissue repair rhCollagen/PRP injection

4
Vergen)x™sTR Kit PRP collection tube
from any commercial PRP Kit




Vergem'xm STR
“" Vergenix STR reduced pain and improve motion in tennis elbow tendinopathy

Patients Success Rate (%)

(Improvement of 25 % in pain and motion)
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Steroids (1) PRP (1) Vergenix STR

3-month 6-month

(1) Positive Effect of an Autologous Platelet Concentrate in Lateral Epicondylitis in Double-Blind Randomized Controlled Trial. Platelet-Rich Plasma versus Corticosteroid 7
injection with a 1-year follow up. Peerbooms et Al The America Journal of Sports Medicine Vol. 38 No 2 2010 f CollPlant
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A rhcollagen

_ spinneret

Drawn fiber ‘ /

system Coagulant bath

Rotating spool

Diameter [um]
Length per mg [m]

Yaari et al., 2016. ACS Biomaterials Science & Engineering in press
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Fiber Diameter vs Draw Ratio
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Fiber Morphology Reflects Degree of Alignment

Scanning Electron Microscopy of fibers

Mag 2,300X Mag 7,000X Mag 9,200X Mag 9,200X
DR 1.0 DR 4.9 DR 8.1 DR11.4

(DR - Draw Ratio)

Yaari et al., 2016. ACS Biomaterials Science & Engineering in press



Polarized Light Microscopy

Color denotes orientation.
Images taken and processed with “Abrio 2.2” software.
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Yaari et al., 2016. ACS Biomaterials Science & Engineering in press



Fiber

rhCollagen wet spun
fibers

Araneus MA silk

Araneus viscid silk

Bombyx mori cocoon silk

Tendon collagen
Bone

Fiber Mechanical Properties Versus Draw Ratio

Young's Modulus [MPa]
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Yaari et al., 2016. ACS Biomaterials Science & Engineering in press



Rat tenocytes alignment on drawn rhcollagen fibers
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Yaari et al., 2016. ACS Biomaterials Science & Engineering in press
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Collagen-Resilin Composite Fibers

Day 1 Day 4 Day 7

PBS

4S-StarPEG

RES/4S-StarPEG

) S

[

Cytoskeletal organisation of the HDFs seeded on the scaffolds, cells were stained for F-actin using rhodamine-
phalloidin and nuclear staining using ethidium after 1, 4, and 7 days of incubation.

Sanami et al., 2015 Biomed Mater. 10(6): 1748-6041.



Stress Strain curves of 0 and 5% Resilin in Collagen Fibers
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Stress (MP3)

_—
0 0.05 0.1 0.15
Strain

380% increase in toughness
300% increase in strain at break

Collagen-Resilin
artificial tendon and ligaments

Sanami et al., 2015 Biomed Mater. 10(6): 1748-6041.



Nowadays
materials

Graft taken from
patient’s healthy skin

& Allograft

Skin is meshed

to cover a
large wound
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if you want a new idea, open an old book



