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Company Background

AUnderlying technology developed over 10
year period between WSU and Ul
ANegotiated exclusive license with WSURF
Summer 2007

AlncorporatedFall 2007

AOpened Innovation Center Spring 20(§

ASeries A Roun@ompany: 3M

A$510k inNSF SBIirantsawarded
ARecent NIH SBIR willioTracking
A10 employees o
ACollaborations industry and academl
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An individual SiONanospring A mat of Nanosprings
Advantages of Nanosprings: Substrate Flexibility:
ALow growth temperature (< 35@) AAluminum foil
AAtmospheric pressure process AGlass (including Pyrex®)
AMat thickness % 300nm ACeramics
A Hydrophilic AFiberglass
A100% accessible surface area (>3%Qn ASilica beads
AEasy to functionalize, e.g., using silane chemistry AStainless steel

AHighT, polymers
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Coatings Capabilities

A Cu on Silica Nanosprings
A ZnOon Silica Nanosprings
A TiQ, on SilicaNanosprings
A Cu onZnOon Nanosprings

> T T> I

Au on SilicdNanosprings
Ag on Silicdlanosprings
Pt on SilicdNanosprings
Pd on Silic&lanosprings



O N a n Application: Chemical
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Emerging Opportunities with Partners

A Hydrogen Storage - Green
' Chemistr
A U.ItracaPacnors. y [ o Coiarces
A Biomedical Devices
A Biological and Chemical Sensors

A Energy Generation and Storage Engineered Coatings
Internal Focus Areas andNanoparticles

A Continuous Flow Chemistry
A Catalytic Converters

A CarborCapture & Recycle Nanosprmg Platform
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Biomedical and Life Sciences Applications
A Enhancednzymelinkedimmuno-sorbent assayHLISA) for animal
diagnostics
Partner:BioTrackingn Moscow, ID (NIl SBIR) \ blO

SZ2JRACKING
A Circulating tumor cell capture

Partner. Cancer Targeted Technology (CTT) in Bothell WA

Cancer Targeted Technology
A Immobilized enzyme continuous flow reactors for pharmaceutical
synthesis

Partner TechnischaJniversiteitEindhoven (TW) (part of EUProAChinproject)

A Biosensors T
Partner University of Idaho U e



G O N a n Application: Immobilized

technologres, Inc. Enzymatic Reactors
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Nanospring/enzyme slide

Rear plate

Viton™ spacer

Glass backing plate

Teflon™ channel spacer

Drilled glass plate

ANanospringnatrix formed on fiberglass
AMat thickness ~8@m
ASimple plate reactor geometry

Viton™ spacer

Front plate with Luer fittings

K. F. Schilke et al. (2010) Biotechnol. Progress



G O N a n Advantages:
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Continuous flow vs. Batch

AProductinhibition can be avoided becaupeoductis continuously
removed from the reaction

AEnzymas continuouslyecycled, eliminates the neddr a recovery step

ATemperature pH, and other reaction components can be mprecisely
controlled

AReactors can be numbered up as opposed to scaled up.



GoNang

technologies, inc. D-galactosidase A Model Enzyme

The red spot is the active site

The active site needs to
remain accessible upon
immobilization

The attachment points are
the lysine side chains, shown
in blue

Most attachment sites are
on the side opposite to the
active site

This enzyme is well suited
for immobilization studies
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Example Procedurér Immobilizing! -
galactosidaseon Nanosprings |
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\ /\/\SH
H: C—O 0
> ) CH3
Si—OH
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Silica Thiolated
nanosprings nanosprings
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Example Procedurér Immobilizing! -
galactosidaseon Nanosprings ||

SH <+ S—S o N S-S

| ~
F
Thiolated SPDP-modified ! Nanospring-immobilized
nanosprings enzyme IiNrS enzyme
F

Pyridine-2-thione
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OH
NO,
HO
OH HO
—
: 0 +

HO™"

OH

o-Nitrophenol

Galactose

o-NPG

Betagalactosidase cleaves(nitrophenol a-D-galactosylpyranosid)NPG into gh pH
galactose and-mitrophenol.

At high pH, enitrophenol is converted to a colored compound with an NO>
absorbance maximum at 415 nm. 0

The reaction can be monitored by spectrophotometrically measuring the
amount of yellow compound produced. yellow
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Precursor | Final
Matatial — 2 [ Reactor 1 J — [ Reactor 2 } — [ Reactor 3 J — T

Objective: Create multiple reactors system with multiple enzymes for production of synthetic
compounds.

Outcome: Load precursor material at one end of the reactor series and retrieve a multistep
reaction product from the last reactor.

The compact nature of Nanospring enzyme reactors makes this feasible
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OH
B—Galactosidase . Glucose
1somerase
(!)H
? HO, . S . o OH
. : , O OH
MO 0 OH o " o
Glucose Fructose
Lactose
. . . £
As a first step towards this goal, we are setting up a
two-step series of reactors OH
HO
OH
The first reaction involvels-galactosidasewhich o 0
converts lactose into glucose agdlactose &
Galactose

The second reaction involves glucesemerase
which converts glucose into fructose
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H3;C—C—0" > > > E‘
Acetate HO
O
Artemisinic Acid
H i H §

0O
Artemisinic Acid Artemisinin
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FunctionalizeNanospringsvith PSMA inhibitors
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Confidential Information: GoNano Technologies and Cancer Targeted Technol



Glucose Biosensor

Verticallyaligned

. — Dotiom plale
Nanospring mag VAN, — Access por
grown on conductive glass
Substrate ——

P plate

Narrow spacing between
adjacent Nanosprings

Y. P. Timalsina et al. (2011) Journal of Applied Physics



