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Modern Biology
Biotechnology

Personalized DNA 
Sequencers

Molecular Basis of 
Disease

Probe, alter, and repair 
individual cells –

Nanomedicine and 
systems biology

Personalized Implantable 
Diagnostics and 

Therapeutics

Hybrid Biodevices & 
Organs

Biochip Cartridge

EvolutionEvolution of Technologiesof Technologies
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http://www.mrsec.wisc.edu/Edetc/nanoscale/index.html
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DNA
mRNA

Proteins

Protein
Interactions,
Metabolites

• Understand smaller parts to reverse 
engineer

• Cells ultimately determine behavior
• Biomolecules regulate cells through 

pathways
• Hardware and software

Cells

Cell-Cell/ECM

Tissue

Organ

Body

Nano-pores,
Cantilevers,
NWs, NTs, 

Quantum Dots,
Nano-particles,

Micro-fluidics,
Soft-Lithography,

Polymers and hydrogels,
Ink-jet Printing,

3-D Stereo-lithography,

Biological Information Superhighway !
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Principles of SensingPrinciples of Sensing

[Nakamura et al., Anal Bioanal Chem, 2003]
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POC Biosensors!POC Biosensors!

• Focus on translation: Top-down integrated nano-structures/sensors 
• POC sensors for biomolecules
• System level

• From ‘Molecules to Systems’
• Fluidics, Transport, Packaging, Interfaces, etc. 

Abbott/iSTAT
(Glucose)

Accuteck
(LDH, Theophylline)

Abbott/iSTAT
(gases, ions, markers) Pregnancy Tests

• Disposable, one-time-use devices
• Intelligent, sensitive, integrated
• Detection and monitoring of disease and 

state of health
Nanowire

sensor

DNA or RNA
Molecules

Source Drain

Gate

Functionalized 
Nanosensor Array

Nanowire
sensor

DNA or RNA
Molecules

Source Drain

Gate

Functionalized 
Nanosensor Array

Functionalized 
Nanosensor Array
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POC Biosensors!POC Biosensors!

Claros Diagnostics: www.clarosdx.com
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Sources: 1950 Mortality Data - CDC/NCHS, NVSS, Mortality Revised.
2005 Mortality Data: US Mortality Data 2005, NCHS, Centers for Disease Control and Prevention, 2008.
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Cancer has not dropped!Cancer has not dropped!

Challenges!Challenges!
ChangeChange in Death Rates by Cause (USA)in Death Rates by Cause (USA)
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Clinically Relevant BiomarkersClinically Relevant Biomarkers

BiomarkerBiomarker Type and SourceType and Source DiseaseDisease

Carcinoembryonic AntigenCarcinoembryonic Antigen Glycoprotein in SerumGlycoprotein in Serum Colorectal, Pancreatic, Breast cancerColorectal, Pancreatic, Breast cancer

Epidermal Growth FactorEpidermal Growth Factor ProteinProtein Glioblastoma, Lung cancerGlioblastoma, Lung cancer

Prostate Specific AntigenProstate Specific Antigen Protein in serumProtein in serum Prostate cancerProstate cancer

Nuclear Matrix ProteinNuclear Matrix Protein Protein in urineProtein in urine Bladder cancerBladder cancer

Beta Amyloidal peptideBeta Amyloidal peptide Body FluidBody Fluid AlzheimerAlzheimer’’s diseases disease

DiseaseDisease DiagnosticsDiagnostics –– Genes and ProteinsGenes and Proteins

Molecular diagnosis 
(disease onset or 

early stage 
expression)

Tissue diagnosis 
(site of disease 

expression)

Disease
Detection

Protein detection 
form Blood, body 

fluids

Genetics
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DiseaseDisease BiomarkerBiomarker
Breast Breast 
CancerCancer CEA, HERCEA, HER--2, EGFR 2, EGFR 

Cervical Cervical 
CancerCancer

Human Human PappilomaPappiloma
Virus, EGFR Virus, EGFR 

Lung Cancer Lung Cancer EGFR, KRAS, BRAF EGFR, KRAS, BRAF 

Bladder Bladder 
CancerCancer

EGFR, fatty acid EGFR, fatty acid 
binding protein, HSP binding protein, HSP 

27, 27, AnnexinAnnexin
Ovarian Ovarian 
CancerCancer

EGFR,  EGFR,  haptaglobinhaptaglobin , , 
CACA--125 125 

Esophageal Esophageal 
CancerCancer EGFR, EGFR, periplakinperiplakin

Tumor TypeTumor Type % of Tumors % of Tumors 
OverexpressingOverexpressing EGFREGFR

Head & NeckHead & Neck 8080--100100

KidneyKidney 5050--9090

LungLung 4040--8080

GliomaGlioma 4040--5050

OvarianOvarian 3535--7070

BladderBladder 3131--4848

PancreaticPancreatic 3030--5050

ColonColon 2525--7777

BreastBreast 1414--9191
[Hong W and Ullrich A, Oncol. Biotherapeut., 2000]

[Klijn JG, et al., Endocr. Rev., 1992], [Yim EK, et al., Expert. Rev. Proteomic.,
2006], [Hirsch FR, et al., J. Clin. Oncol., 2006], [Sheng KH, et al., Proteomics,
2006], [Ahmed N, et al., Proteomics, 2005], [Nishimori T, et al., Proteomics,

2006]

DiseaseDisease DiagnosticsDiagnostics –– Genes and ProteinsGenes and Proteins
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BiologicalBiological and Solidand Solid--statestate NanoporesNanopores
2.6 nm 2.6 nm --hemolysin channel hemolysin channel 
Patterns to discriminate targetsPatterns to discriminate targets
DNADNA––nanoporenanopore

Nanopores in membranes Nanopores in membranes 
DNA CharacterizationDNA Characterization

DNA through an -HL
channel [Kasianowicz et

al., 1996]

[Howorka et al., 2001]
[Meller et al., 2000]

[Ralls et al., 1989]

[Chang et al., 2004]
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Why solidWhy solid--state nanopores?state nanopores?
DNA CharacterizationDNA Characterization

DNA analyzer DNA analyzer 
Molecule events: NanoscaleMolecule events: Nanoscale
Interface: Macroscale Interface: Macroscale 

Nanopores for interactions of:Nanopores for interactions of:
DNADNA--DNADNA
DNADNA--proteinprotein
BiomarkersBiomarkers--DrugDrug
AptamersAptamers--Cells Cells MicroporesMicropores

SolidSolid--statestate NanoporesNanopores

-hemolysin
Ion channels
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Nanopore ShrinkingNanopore Shrinking

[Asghar et al. [Asghar et al. Nanoscale Research Letters, Nanoscale Research Letters, 6:372, 2011]6:372, 2011]
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Nanopore ShrinkingNanopore Shrinking
At 1150 At 1150 °°C:C:

22 nm/s22 nm/s

At 1250 At 1250 °°C:C:
80 nm/s80 nm/s
Thermal stresses can Thermal stresses can 
crack membranecrack membrane

<900 <900 °°CC
No effectNo effect

[Asghar et al. [Asghar et al. Nanoscale Research Letters, Nanoscale Research Letters, 6:372, 2011]6:372, 2011]
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Nanopore Control of SurfaceNanopore Control of Surface
scale bars: 200 nm

[Asghar et al. [Asghar et al. Nanotechnology,Nanotechnology, 22, 2011]22, 2011]
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Nanopore Control of SurfaceNanopore Control of Surface
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Nanopore Control of SurfaceNanopore Control of Surface

-DNA translocation

[Asghar et al. [Asghar et al. Nanotechnology,Nanotechnology, 22, 2011]22, 2011]



Selectivity in NanoporesSelectivity in Nanopores
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SelectiveSelective Nanopore ChannelsNanopore Channels
NanoporesNanopores
Selectivity towards Selectivity towards 
specific Targetsspecific Targets

Protein Ion ChannelsProtein Ion Channels

[Kasianowicz et al., 2006]
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SelectiveSelective NanoporesNanopores

Underlined bases: Stem of the HPLUnderlined bases: Stem of the HPL
Red bases: Mismatched nucleotidesRed bases: Mismatched nucleotides

*

[Hamaguchi et al., 2001]*

[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]
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[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]

SelectiveSelective NanoporesNanopores
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SelectiveSelective NanoporesNanopores

LabViewLabView
Data Acquisition CardData Acquisition Card
Current Current PreAmpPreAmp
Ag/AgCl ElectrodesAg/AgCl Electrodes

[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]
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SelectiveSelective NanoporesNanopores
20 nm 20 nm diadia nanoporenanopore
MMMM--DNADNA target vs. target vs. 
Subsequent Subsequent PCPC--DNADNA

Faster TranslocationFaster Translocation
Smaller Mean Passage TimeSmaller Mean Passage Time

1MM1MM--DNA target DNA target 
beforebefore and and 
afterafter PCPC--DNADNA

[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]
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SelectiveSelective NanoporesNanopores
Smaller PoreSmaller Pore

More Selective More Selective 
More More IIbb Higher % of the nanopore blockedHigher % of the nanopore blocked

One-base Mismatch Perfect Complementary

[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]
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SelectiveSelective NanoporesNanopores

ChannelChannel--Molecular InteractionMolecular Interaction
MMMM--DNA vs. PCDNA vs. PC--DNADNA
ExpectationExpectation

PCPC--DNADNA
Interactions with Binding SitesInteractions with Binding Sites
Faster and More than MMFaster and More than MM--DNADNA

MMMM--DNADNA
Electrostatic Friction Electrostatic Friction 
Mechanical ResistanceMechanical Resistance
Inability to open HPL Inability to open HPL 

PC
MM

Time

I b

X
X

X

1 2( )nJ c c

[Iqbal et al., Nature Nanotechnology, 2, 243-248 (2007)]
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SelectiveSelective NanoporesNanopores –– Channel InteractionsChannel Interactions

Protein channels provide Protein channels provide selectiveselective pathways pathways 
Binding sitesBinding sites affect transportaffect transport
PCPC--DNA transport with interactionsDNA transport with interactions

Shorter Mean First Passage Time (Shorter Mean First Passage Time ( ))
Higher Flux (Higher Flux (JJ ))

The flux of particles The flux of particles interacting with channelinteracting with channel

[Bauer and Nadler, 2005 and 2006]
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SelectiveSelective NanoporesNanopores –– Channel InteractionsChannel Interactions

Key AssumptionsKey Assumptions
PCPC/HPL: /HPL: AttractiveAttractive Potential Potential 

MMMM/HPL: /HPL: RepulsiveRepulsive PotentialPotential
Magnitudes of Potentials Magnitudes of Potentials 
span part of the channelspan part of the channel

(a) (b)

(a) Attractive potential (b) Repulsive potential, spanning part of the channel

Attractive vs. Repulsive PotentialAttractive vs. Repulsive Potential
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SelectiveSelective NanoporesNanopores –– Channel InteractionsChannel Interactions
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Micropores for Cancer DetectionMicropores for Cancer Detection

10 μm

Micropore

I

t

Ag/AgCl 
Electrodes

I

t

I

t

Micropore Micropore
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Micropore Array for Cancer DetectionMicropore Array for Cancer Detection



Active Membranes for the Active Membranes for the 
Enrichment of BiomarkersEnrichment of Biomarkers

Facilitated Transport Facilitated Transport 
through Functionalized through Functionalized 

MembranesMembranes

aka
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Active Protein SeparationActive Protein Separation

e.g.

Goyal, et al., "Active and biomimetic Goyal, et al., "Active and biomimetic nanofiltersnanofilters for selective protein for selective protein 
separation," separation," Biomedical MicrodevicesBiomedical Microdevices, vol. 12, pp. 317, vol. 12, pp. 317--324, 2010. 324, 2010. [ ]
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Active Protein SeparationActive Protein Separation

Goyal, et al., "Active and biomimetic Goyal, et al., "Active and biomimetic nanofiltersnanofilters for selective protein for selective protein 
separation," separation," Biomedical MicrodevicesBiomedical Microdevices, vol. 12, pp. 317, vol. 12, pp. 317--324, 2010. 324, 2010. [ ]
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Active Protein SeparationActive Protein Separation –– Facilitated  TransportFacilitated  Transport

ChannelChannel--Molecular InteractionMolecular Interaction
Interacting MoleculesInteracting Molecules

Interactions with Binding SitesInteractions with Binding Sites
Faster and MoreFaster and More

NonNon--Interacting MoleculesInteracting Molecules
Electrostatic Friction Electrostatic Friction 
Mechanical ResistanceMechanical Resistance
Inability to bindInability to bind

Time

I b

X
X

X

1 2( )nJ c c
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Polymer

Substrate

Biomarker Specific Membrane

Channels
Electrodes

Diagnostics!



Isolating Circulating Tumor 
Cells with Aptamer Biochip
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PropertyProperty EGFR AntibodyEGFR Antibody AntiAnti--EGFR EGFR 
AptamerAptamer

SpecificitySpecificity Low (Low ( 60%)60%) High (High ( 90%)90%)

Binding Binding 
ConditionsConditions Physical Physical pH, Tm, Salt pH, Tm, Salt 

Conc.Conc.

Shelf TimeShelf Time ShortShort LongLong

KdKd 1 1 nMnM 2.4 2.4 nMnM

[Dadparvar S, et al., Cancer, 1994], [Nagrath S, et al., Nature, 2007], [Vona G, et al., Am. J. Pathol,
2000], [Sullenger BA, et al., Nature, 2002], [Cho EJ, et al., Ann. Rev. Anal. Chem, 2009]

Antibody vs. AptamerAntibody vs. Aptamer
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AptamersAptamers…… growing listgrowing list
AntiAnti--EGFR aptamer to detect overEGFR aptamer to detect over--expression of expression of 
EGFR (which occurs in cancer cell)EGFR (which occurs in cancer cell)
RTRT--26: a high26: a high--affinity DNA aptamer than can be used affinity DNA aptamer than can be used 
for the detection of the reverse transcriptase of the for the detection of the reverse transcriptase of the 
HIV typeHIV type--1 as the target protein1 as the target protein
AntiAnti--thrombin aptamer: identified to interact with thrombin aptamer: identified to interact with 
thrombin protein (important for blood clot formation), thrombin protein (important for blood clot formation), 
Aptamer for rapid detection of immunoglobulin E (Aptamer for rapid detection of immunoglobulin E (IgEIgE) ) 
(high level of (high level of IgEIgE is seen in patients with allergic is seen in patients with allergic 
asthma & immune deficiencyasthma & immune deficiency--related diseases, such related diseases, such 
as AIDS)as AIDS)
Aptamers for the detection of Aptamers for the detection of --amyloidamyloid peptide peptide 
(Alzheimer(Alzheimer’’s disease is characterized by the s disease is characterized by the 
deposition of this peptide in the brain)deposition of this peptide in the brain)
Aptamers for bioAptamers for bio--warfare agent detection (Anthrax, warfare agent detection (Anthrax, 
RicinRicin, Tularemia, Influenza virus) , Tularemia, Influenza virus) 
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Aptamers forAptamers for TumorTumor Cell CaptureCell Capture

High specificity 
and affinity
Chemical 
synthesis
Stable at various 
conditions
Labeled with 
fluorescent dye
Reversible 
denaturation
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BiomarkerBiomarker--based Tumorbased Tumor Cell CaptureCell Capture

Separation 
based on 

EGFR

Separation based on 
Carcinoembryonic 

Antigen

Separation based on 
MUC1
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Tumor Cell Binding to AntiTumor Cell Binding to Anti--EGFR Aptamer vs. EGFR Aptamer vs. 
Mutant AptamerMutant Aptamer

A

B

C

Anti EGFR Aptamer: 392 #/mm2

Mutant Aptamer: 7 #/mm2

N=12

*

Wan, et al., "Surface Immobilized Aptamers for Cancer Cell IsolaWan, et al., "Surface Immobilized Aptamers for Cancer Cell Isolation and tion and 
Microscopic Cytology,"  Microscopic Cytology,"  Cancer ResearchCancer Research, 70(22), pp. 9371, 70(22), pp. 9371--9380, (2010)9380, (2010)
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CTCCTC ChipChip –– A New Cytology ToolA New Cytology Tool

Wan, et al., "Surface Immobilized Aptamers for Cancer Cell IsolaWan, et al., "Surface Immobilized Aptamers for Cancer Cell Isolation and tion and 
Microscopic Cytology,"  Microscopic Cytology,"  Cancer ResearchCancer Research, 70(22), pp. 9371, 70(22), pp. 9371--9380, (2010)9380, (2010)
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Anti-EGFR Aptamer Mutant Aptamer

CTCCTC ChipChip

Wan, et al., "Surface Immobilized Aptamers for Cancer Cell IsolaWan, et al., "Surface Immobilized Aptamers for Cancer Cell Isolation and tion and 
Microscopic Cytology,"  Microscopic Cytology,"  Cancer ResearchCancer Research, 70(22), pp. 9371, 70(22), pp. 9371--9380, (2010)9380, (2010)
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CTCCTC ChipChip
Tumor cells grow
Shapes change 
from smooth 
circular to irregular
Antennae formed 
after capture
Rate of 
deformation and 
shape change

Wan, et al., "Surface Immobilized Aptamers for Cancer Cell IsolaWan, et al., "Surface Immobilized Aptamers for Cancer Cell Isolation and tion and 
Microscopic Cytology,"  Microscopic Cytology,"  Cancer ResearchCancer Research, 70(22), pp. 9371, 70(22), pp. 9371--9380, (2010)9380, (2010)
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NanoNano--texturingtexturing Chip SurfaceChip Surface

PLGA: NaOH Etching Chemical Modification

Cast PDMS

100 μm

[Wan, et al., CANCER, 2011]
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AntiAnti EGFR AptamerEGFR Aptamer
(per mm(per mm22))

Mutant AptamerMutant Aptamer
(per mm(per mm22))

GlassGlass 79.379.3 11.511.5 2.22.2 1.21.2
PDMSPDMS 37.437.4 10.110.1 0.60.6 0.80.8

NN PDMSPDMS 149.6149.6 12.212.2 25.625.6 6.26.2

Captured Cancer Cells 
Physical Absorption 

N-PDMS

NanoNano--texturingtexturing Chip SurfaceChip Surface

[Wan, et al., CANCER, 2011]
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PDMS

Nano-textured PDMS

Glass

Contact Area
Morphology

Captured tumor cell on PDMS, nano-textured 
PDMS, and glass substrate

NanoNano--texturingtexturing Chip SurfaceChip Surface

[Wan, et al., CANCER, 2011]



All Rights ReservedAll Rights Reserved
55

CTCCTC ChipChip
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CTC: ElectricalCTC: Electrical SensingSensing
Cancerous tissues are known to have notably Cancerous tissues are known to have notably 
higher water content by weight than healthy higher water content by weight than healthy 
tissues tissues 
Known different dielectric propertiesKnown different dielectric properties
AC measurements can measure different AC measurements can measure different 
changes in the electrical impedance on the changes in the electrical impedance on the 
electrodeselectrodes
Impedance data (Amplitude, phase, Impedance data (Amplitude, phase, 
permittivity, conductivity) of the two types of permittivity, conductivity) of the two types of 
cells is expected to be significantly different!!cells is expected to be significantly different!!



OpportunitiesOpportunities

Cells, Biomarkers, GenesCells, Biomarkers, Genes
Energy, Environment, Natural ResourcesEnergy, Environment, Natural Resources
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QuestionsQuestions

www.uta.edu/nbl
SMIQBAL@uta.eduSMIQBAL@uta.edu


