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Not many people can design an iPhone
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Win-win situation with open platform

(P GENEFLUIDICS

Revolutionizing Molecular Analysis

Translational Development of Clinical Diagnostic Platforms

Contents

Overview I

Translational
development platform

Platform T

iPhone App vs. Diagnost

Modularizati

Modularization & Standardizati

Biodetection

Multiplexed genetic assay and
immunoassay.

Translationall

Human diagnostics more

Summary I

Translational development




Modularization and Standardization

Devices

PCI/CE
device

Dock
Connector

l
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You

Mobile OS
-+— Camera —
CPUI/GPU -+ Microphone ——
-t Touch Screen =
Data
Storage [— Speaker —»
(HD/Flash) ~— Headphones -»
Battery

Modularization: functional, graphic and user interface design
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Modularization and Standardization

Screen, Nav Bar, Tab Bar, Toolbar, and associated buttons

@ | NavBar:aa 88 pruall

Nav Bar buttons:
30 (60) pixels tall

Nav Bar button icon:
about 20x20 (40x40) pixels

Screen size

<—— 320(640) by 4

480 (960) pixels

Tab bar icon:
about 30x30 (60x60) plxels

@

(%) 1 NavBar: 32 (64) pireis ta

(llav Bar buttons: 24 (48) plxels tall
Shrinks the 20x20 (40x40) icon
Screen size

< 480 (960) by ———>

Toolbar buttons: 320 (640) pixels
‘\( 30 (60) pixels tall
Vi

Toolbar button lcon:
about 20x20 (40x40) pixels

L

Key to dimensions: Component name: unretina (retina) pixels

Pixel dimensions of buttons, toolbars, etc include any effects such as stroke, drop
shadow, or highlight.

When rotated from Portrait to Landscape mode:
© Tab bar height remains 49 pixels

® Toolbars {not the Nawvigation Bar) remain 44 pixels high

® Navigation Bar height changes, as do the heights of any buttons and con-
tent within the Navigation Bar.

Standardization: design rules and recommendations
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Modularization and Standardization

Sample

Blood

Specimen tested
blood,

serum,

plasma,

urine,

saliva,

CSF,

sputum,

milk,

meat juice
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Processing

Lysing

Genetic Assay
C. trachomatis
E. coli

H. influenzae

K. oxytoca

K. pneumoniae
P. aeroginosa
P. mirablis
Salmonella spp.
S. pneumoniae
Enterovirus
SARS
Kanamycin resist.

Revolutionizing Molecular Analysis

Immunoassay Genetic Assay
HIV Factor V Leiden
SARS HPFH
IL-8
MCP-1
PML/RARa
Sickle cell
SNPs
TREC
Clinical Chemistry
Glucose
pH

Neonatal
Sepsis

Immunoassay
CA-125
FGF
HP-alpha
IL-8, IL-10
Osteopontin
PSA

T4
Troponin-I
VEGF

IL-6

Insulin

PSA
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Universal Affinity-based Assay

Sensor Functionalization

=

Sensor surfaces are functionalized to

bind specifically to the target molecule,

Reporter Enzyme Bindj

The HRP reporter enzyme is added,
which binds to another site on the
target molacula,
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+

Excess enzyme
is washed away'.

Sample Capture {Bin‘ging}

>

The sample is added and specific binding
ocours at the functionalized sensor.

Wash

MNon-specific
binding is

wiashed away.

Wash Electrochemical Dete tiq,ri

L2 A A

A bias potantial is applied, which
generates a current propartional to
the analyte concentration.
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Bioelectronics with real-time flow impedance internal control

Multiplexer

Filter

Genetic assay

Small molecules

Immunoassay

Voltage control

current source

)\ Band-pass

Electrochemical Sensor

“R ejected

=

Feedbéck control

Y
Wa

Gate Control

Translational Development of Clinical Diagnostic Platforms

GENEF L LIDICsS

Revolutionizing Molecular Analysis



TRANSLATIONAL .
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Lab Automation

The Robotic System is designed to
automate procedures that typically
require extensive labor by skilled
technicians.

The reader is the first
affordable multi-channel

electrochemical workstation.

= [

The POC system consists
of a self-contained,
disposable microfluidic
cartridge and a sensing
and control instrument.

16 independent assays
can be performed on each
sensor chip with different
systems.

The microfluidic cartridge
integrates reagent storage
and fluid-handling
components to achieve
ultra-sensitive, multiplexed
detection.
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. Clamping holes
Waste chamber

v. Vertical channels
d. Waste draining

p. Pneumatic control

<z 12

Backside of pouch layer
1) Sample pouch
2) Culture media pouch
3) Lysis pouch si1s, Sensor 1-6
4) Probe pouch B1s, Sensor chamber 1-6
5, Wash pouch ris, Reagent valve 1-8
6, Enzyme pouch s . Inlet valve 1-6
7)Tween wash pouch 015, Outlet valve 1-6
8) Substrate pouch £1s, Reagent inlet 1-8

Original cartridge design
(72 mm x 76 mm x 9.3 mm)

Sis




[ PathogenIdentification (1D) | Multiplexed Molecular Analys§ _Antimicrobial Susceptibility Testing (AST) “t0S"

Electrochemical sensor layer (VMIM21A-ES)

Working electrode: 4 mm? Working electrode: 4 mm? Working electrode: 2.4,9.6 mm? Working electrode: 9.6 mm? Working electrode: 4.0 mm? Working electrode: 2.4 mm?
Sensor: 3 channels Sensor: 4 channels Sensor: 6 channels Sensor: 6 channels Sensor: 6 channels Sensor: 6 channels
Configuration: identical Configuration: identical Configuration: alternating Configuration: identical Configuration: identical Configuration: identical
Product #: MM21A-ES43 Product #: MM21A-ES44 Product #: MM21A-ES26 Product #: MM21A-ES96 Product #: MM21A-ES46 Product #: MM21A-ES26

Elastic channel layer (MM21A-EC)

Chamber width: 4.5 mm Chamber width: 2.5 mm Chamber width: 4.5 mm Chamber width: 6.0 mm Chamber width: 6.0 mm
Neck width: 0.75 mm Neck width: 0.75 mm Neck width: 0.75 mm Neck width: 0.75 mm Neck width: 1.25 mm
Height: 1.0 mm Height: 0.5 mm Height: 0.5 mm Height: 0.5 mm Height: 0.5 mm

Product #: MM21A-EC47 Product #: MM21A-EC27 Product #: MM21A-EC48 Product #: MM21A-EC67 Product #: MM21A-EC61

Reagent storage layer (MM21A-RS)

Volume: 540 pL Volume: 390 puL Volume: 285 pL Volume: 170 pL Volume: 125 pL

Pouch number: 8 Pouch number: 8 Pouch number: 8 Pouch number: 8 Pouch number: 8
Configuration: identical Configuration: identical Configuration: identical Configuration: identical Configuration: identical
Product #: MM21A-RS58 Product #: MM21A-RS38 Product #: MM21A-RS28 Product #: MM21A-RS18 Product #: MM21A-RS08
Powered b ene d 0
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Notice: You must be logged in to download CAD Models.

Multiplexed molecular analysis assay cartridge (MM21A) — Elastic channel layer (MM21A-EC47)

Sizing Options Schematic CAD Download

-

Sensor chamber geometry I
4.5mmx0.75mmx 1.0 mm -
chamber width x neck width x heigh
2.5mmx0.75mmx 0.5 mm
2.5mmx1.25mmx 1.0 mm
4.5mmx 0.75mm x 0.5 mm

Y

6.0mmx 1.25mm x 0.5 mm
6.0mmx1.25mmx1.0mm

Number of sensor chamber
6 -

Number of reagents
8

Total waste volume (pL)
4,000

Temp
Yes

Hydrophilic coating
Casein ~

Outgasing condition l@ - - Q ' - ' - - - & )é‘ J

3D Preview || CAD Download

Powered by Genefluidics 2013
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Platelets

Erythrocytes Leukocytes
45% of whole blood, 0.7% of whole blood, 9-17 mm in size, 4,000-11,000 / mL in concentration 2-5 mmin size
4M-6M/ mL in 150k-500k / mL
: Agranulocytes, ~9-17 mm in size ,25% in )
Blood cells concentration Granulocytes, ’ \zlolume of leukocyte concentration
~0- i i 0% i
(~ 45.7 % of 9-12 mmin size, 68.5% in volume of leukocyte
whole blood) — - - - -
~8 mm in size Basophils, Eosinophils, Neutrophils, 65% Lymphocytes Monocytes
o= . &P B @
Plasma Water Electrolyte Proteins Lipids & amino acids Others
(~ 54.3 % of ~92% of ~0.8% of plasma ~6-8% of plasma LDL cholesterol, 2-3.4 mmol/L Urea, 1.2-7
whole blood) plasma Na+, 135 - 145 (mmol/L) Albumins, 3.5-5.0 g/d| HDL cholesterol, 0.9-2.2 mmol/L mmol/L
K+, 3.0-5.0 (mmoliL) Immunoglobulins, 1.0-1.5 g/dl Triglycerides, 0.6-1.7 mmol/L Glucose, 3.8-6.1
Cl-, 98 - 108 (mmol/L) Fibrinogens, 0.2-0.45 g/dI Amino acids, varies 0-730 mmol/L mmoliL
HCO3-, 22 - 30 (mmol/L) Enzymes, proenzymes, hormones PO,. pCO,
nnel top visw z /
on R -
L /
Draw blood Deplete Concentrate Capture
GENE
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Electrokinetic Mixer with
AC Electrothermal (ACET) flow

ACET induced vortices (high conductivity buffer)

)

ELECTIROTHERMAL FLOW

= by DriPak Kin Wong
- University of Arizona

Many 3-D vortices were generated around the electrode over a large area
Joint development with University of Arizona
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Mixing Enhancement with ACET Induced Vortices

High Conductivity Buffer (1
S/m) )

DI water (10
ms/m) ) ELECTROKINETIC MIXING

by Dr. Pak Kin Wong
University of Arizona

6 Vpp ; 200 kHz

Mixing of fluid streams was dramatically enhanced with ACEO-induced vortices with an applied
and 500 Hz.

pp

Joint development with University of Arizona
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Isolation of CTC
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Hybrid EK Matrix Management

A AC electrothermal fluid nipulation [7]
100
£ Cancer cells in DMEM, urine,
T q’cT_, diluted blood, and buffy coat [9]
= 10 S =
o = =
wn = 28] . .
g, @ § B. globigii, A. baumannii in urine and buffy coat [8]
E— 14 fE-> % E. coliin Tris-EDTA , urine, and buffy coat [1,8]
I5S;
- = od
= S
= )
2 ©
S 014 ©
=
E DIl water
<3} Quantum dots [6]
(o e
|c:5 oo1¥ Molecular beacon hybridized DNA [3] Buffer
ssDNA and dsDNA in Tris-EDTA [1] Urine
Physiological fluids,
e.g., blood, saliva, and urine M Biood
0.001 ¢
I I I | >
0.01 0.1 1 10
In collaboration with Dr. P.K. Wong’s Conductivity (S/m, log scale)

group at University of Arizona

GENE

Translational Development of Clinical Diagnostic Platforms

Revolutionizing Molecular Analysis



Hybrid EK Matrix Management

Target Ref Condsu/ﬁ:lwty, Medium Function Journal Year
Collidal particles, E. coli, dsSDNA, ssDNA [1] <0.1 Tris-EDTA buffer Concentration, depletion Analytical Chemistry 2004
. . IEEE/ASME TRANSACTIONS
Review article [2] NA NA NA ON MECHATRONICS 2004
Molecular beacon hybridized DNA [3] <0.5 Tris/HCL Focusing Journal of Asrgiine(f;n Chemical 2005
Brassica oleracea [4] <0.1 MEA buffer Electrodeformation Journal of Buommechanics 2005
2- 2000 pm colloidal particles and E. coli [5] <0.01 DI water Sepavation, Mle_ng, and Nanotechnology 2009
Concentration
Quantun dots [6] <0.1 DI water Concentratlpn and Journal of Physical Chemistry 2009
separation
Conductive solution 7] 0.01-20 EDTA (0.01 - 22 S/m) Fluid motion Journal of Association for 2010
Laboratory Automation
E. coli, B globigii, A. baumannii [8] 0.1-10 Urine and buffy coat Concentration Lab on a Chip 2011
Cancer cells and 16S rRNA 9] 1-10 Urine, diluted blood, and Concentra}tlon, Frappmg Unpubllshed data 2011
buffy coat and isolation (submitted)
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In collaboration with Dr. P.K. Wong’s group at University of Arizona
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B EVIDENCE-BASED
DIAGNOSTICS FOR

standard
Phenotypic AST

48 hours

Pathogen ID
cartridge Phenotypic rapid AST system
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COMPETITIVE ADVANTAGES.

= THE JOURNAL [/
* LUROLOGY

= PGSR N A

TURES

b-AST
Differenlicl 16S rRNA level = g « <
after antibiotic incubaticon . ~ 1 5. 'u > 7 3 A f . "’l-
R — Pathogen ID

Sensor array with 168 rRNA probeas

Source: Journal of Urology, The 2011; 185:148-153 (DOI:10.1016/j.juro.2010.09.022 )

Cover story and cover picture

ELSEVIER Copyright © 2011 American Urological Association Education and Research, Inc. Terms and Conditions
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http://www.jurology.com/article/S0022-5347(10)04558-1/abstract
http://www.jurology.com/article/S0022-5347(10)04558-1/abstract
http://www.jurology.com/article/S0022-5347(10)04558-1/abstract
http://www.jurology.com/misc/terms
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THANKS
Q&A.

Translational Technology Development
GeneFluidics' sensor technology enables quantification of nucleic acids
and proteins in unprocessed samples on a single platform.
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