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Nanomedicine: WHY?

* Diagnostic tools of better sensitivity, specificity and reliability.

o In parallel or to integrate several analytical steps into a single
miniaturized device with low sample volume requirements.

e Enables Personalized medicine

» Potentially Wireless, autonomous biocompatible medical devices

 Ultimately detect disease and intervene at single cell level

Sizes of target biological systems are at the nanoscale

Atom 0.1 nm

Water 0.2 nm

DNA (width) 2 nm

Protein 5-10 nm

Cell membrane 5 nm thick
Ribosomes/Microtubules 25nm

Nuclear Pore 70nm

Virus 40 - 200 nm
Bacteria 1,000 - 10,000 nm
White Blood Cell 10,000 nm




Nanotechnology: R&D Spending

Research in nanotechnology is rapidly growing!

Estimated government sponsored R&D in § millions/year

Fiscal Year 1997 2000 2001 2002 2003

W. Europe 200 270 400
USA 116 270 465 604 710
Others 70 110 380 520

Projected $1 Trillion/year by year 2015!!
2 (7) million nanotech workers (0.8M in US)

M Roco, NSF http: / /es.epa.gov/
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Where are we now?

Reaching nano-world and system creation

NSF- NNI 2
Size of structure 5
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NCI| Nanotechnology Alliance - Awards
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fogram Only ﬂ

MCI Alliance for
Nanotechnology

« Scientific standing — 606 peer-reviewed journal papers
published with average impact factor ~7. Strong evidence of
establishing joint projects: 43 publications involving multiple Pls.

« Clinical translation — 50 companies associated with the
program in the space of diagnostics and therapy; 24 were formed
In last 3 years. Developing strong intellectual property portfolio -
203 disclosures and patents filed.
« 3 clinical trials associated with program projects
« 2 companies completed pre-IND discussions with FDA
« 17 IRB protocols for work with human samples in place.

Cumulative Number of Publications

600 -

300 -

# publications

>

YRI YRI-2 YRI-3
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Where are we now?

Nano MaSterpiECES! ElectroPen {150nm line width, 2005)

COman, 28 CO

The world's smallest guitar is 10 micrometers L
long -- about the size of a single cell -- with six
strings each about 50 nanometers, or 100

atoms, wide. H. Craighead, Corneli, 1997 -
Kawata, S., Sun, H.-B.,

Tanaka, T. & Takada,
Nature 2001.
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Where are we now?

World Without Weapons  w»
P, Picasso, 1962
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Where are we now? Microchips with nano-features

SRR T T, CTIARAR)
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Samgple Transpor

+ Eleciroosmatic
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Sample Prep Selective Viability Gl Datection of

Cont.(Soning Capture Detpcton Lysing DNA, Protein
- Filters - Ab based - Optical - Electrical - On-chip PCR
« Electrophonesis « Elgctrical « Mechanical - Nano-pores
{micro-capillary) - Chemical - Nano-wires
-DEP = Cantileyers

Bashir, 8. Adv. Drug Del. Rev, 56:1565-1586, 2004

1

Madow et 3!, Sclence 282, 1998484-487, 1998

Capture Target
Molecules Molecules

Elibal, O, et 3l ,\Manoletters 2004
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Nanomedicine:

HOW?

Key sensing methods

Mechanical Detection
Surface Stress Change Delection
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Bashir, R. Adv Drug Deliv Rey, 56.1565-86, 2004,
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Nature as a model: Biomimetic Engineering

Viral DNA

Whiskers
Tail fibers

Baseplate
16 types of proteins
and over 150 copies

All Self
Assembeled !

Bacteriophage T4

http://news.uns.purdue.edufimages/+ 2004/ rossmann-baseplate2.jpqg
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Nature as a model: Biomimetic Engineering

Rotary motors
Bt 0at v T ATPase, ~20Hz, 280pN Torque, ~100%Efficiency!
F. Flagella, ~1000Hz, 100pms! bacterial speed
#&CHY.,  Achn
i‘; | I 8nm i 8 \‘ )
i E.coli ATPase
10nm
Linear motors
€ Gliding filament —— ADP + P, .
s R T R e ) Motlon

ADP ADP

o hoving bead s 4 ; - /
Kinesin [or dyrein) = v
cyloplasm s FE L Y J ATP ATP
hscrotubule - : i )

AR S.-SE.,.E}; 3k :%.Ezém Energy
R 15880 T
e < " a | 20nm!
3 Subunits H+|] v

-—""'"

i Polymerase % Biophysical Journa! B6:1332-1344 (2004)
http: e |ife. uive. edufcrofts/bioph354/lect10. html

NATURE|VOL 386| 20 MARCH 1997
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Nature as a model: Biomimetic Engineering

| 49 c
T 2200 copies of
";—)f"' CoatProtein
SAM

MAKING FINER FIBRES FROM SPIDER SILK

60 —

Hollows core allows total internal reflection of Fight, or allows fibre to be used as a silica nanotube

Thread 15 dipped in Baking at 420 °C bums
organic silicate aff the silk, decomposes
solution and left 1o dry the silicate o form silica,
and shrinks the tube Lo
ane-fifth its original
diameler

Silk thread from
giant arb-
mweaving spider

Manowire?

LIGHT RAY Can be made < 10nm

p m":,

http: /fwowew newscientist.com/data/images/ns/cms/dn3 522
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Ionic curren®trace
15 = C

a-
- L

100 ms

Dearmer et a1, Trends Blotechnol, 18, 147-51, 2000,
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Research Areas

* Single particle imaging: AFM, FL-Nanoscopy, Confocal,
BioLuminescence, NIRF

* Nanomedical Robotics

- Integrated medical nanosystems that perform
therapeutic interventions at the cellular level
- Bioinspired Self Assembled Systems (bSAS)

« Smart Nanodiagnostics and Smart Drugs
- Targeted CANCER drug delivery / Conftrolled Release

* Biomimetic Engineering/BioMEMS/NEMS Devices

for Cell Analysis, Biosecurity
- Protein, DNA and cell chips,
- Polymer Devices, Rapid Prototyping
- Molecular Diagnostics
-Active BioNEMS—Cardiomyocyte:piezo devices

- Systems Biology

- InSilico Cellular Communities (SilicoCytes)
- Hybrid devices/Tissue Printing




Ideal TheraSensor

P53: “Guardian of the Genome”

TrAD (1-42) indApop (8094, JNK BD97-116) DNABD (100-300) OligD/tet (307-355) dwnrDNABD (356-393)

+ ~87% of all p53 muations are SNPs (Hainaut

& Hollstein 2000).

Of these, ~ 30% occur in six codons (175,
245, 248, 249, 273 and 282, Greenblatt et al.
1994)---the hotspot codons.

These mutations are located in DBD,
effecting protein-DNA contacts and the
conformation of p53 protein (Guimaraes &
Hainaut 2002)

Design and Engineer Drugs

- With Inherent Sensors
- As Prodrugs
- Multiparametric/Combined

Human p53 is 393 amino acids long and has
~five domains.

«An N-terminal transcription-activation
domain (TAD), which activates transcription
factors : residues 1-42

«A Proline rich domain important for the
apoptotic activity of p33 : residues 80-94

+A cenfral DNA-binding core domain (DBD):
Residues 100-300.

+A homo-oligomerisation domain (OD) :
residues 307-355 Tetramerization is
essential for the activity of pd3 in vivo.

+A C-terminal involved in downregulation of
DNA binding of the central domain :
residues 356-393.




p21: cyclin-dependent kinase inhibitor 1A or CDKN1A

COEEPE
|

Vitardn B

Gartel & Tyner, 1999,

P21 Promoter

Biological Networks and Interactions are highly complex and interactive

TFUG, June 16,2009, Demir.AkinATstanford.edu




Collaborators/Acknowledgments

LIBNA: A. Gupta, Dr. D. Morisette, A. Davila,
O. Elibol, K. Park, P. Bajaj, A. Gafoor, P. Bajaj

Drs. L. Yang, H. Li, J. Jang, S. Igbal
Prof. R. Bashir, UIUC, EE, BiokE, MNTL
Prof. A.K. Bhunia, K. Burkholder, Purdue FoodMicro
Prof. S. Mohammed, C. Koon, Purdue Cancer Center
Prof. M. Ladisch, Dr. T. Hwang, Purdue, BioE
Prof. J.P. Robinson, J. Sturgis, K. Ragheb, Purdue BiokE, EMS
Prof. S. Igbal, UT-Austin, EE
Prof. P. Guo, U.Cinncinatti, BioE
Prof. C. Mao, Purdue Chemistry
Prof. S. Clare, IUPUI, SOM
Dr. D. Sherman, Purdue Life Sciences, EM
Prof. L. Tsoukulas+AISL, Dr. R. Gao
« ECE, BME, Oncological Scincences Center
» NIH-Bioeng., NSF, USDA, NASA



| - I | Labaratory of Integrated Bio Medical
LI:‘I&J I __ IHicm/Ha?uteuhnu?u b Applications

Bionanotechnology., in the areas of intermface
betweean micro, nancengineering & life sciences

Diagnostics Self-Assembly

- Biochips - DNA/Protein Mediated
- Q dots, SiNW, CNTs - SAMs

‘Micro/Nanotechnology

Therapeutics g c L AL ’) =) Molecular Elect

- Drug Release _ - Molecules
- Targeted Delivery Biology & -DNA
/ medicine \
Hybrid Biodevices Bio-inspired Materials
- Tissue Engineering - Self Healing and Repair
- Drgan Develupment = Sense and Respunse
Novel Solutions for Novel Solutions for
Frontiers in Medicine Frontiers in Materials
and Biology and Information
Processing
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Integrated Chips for Study of Microorganisms and Cells
LIBNA

MEMS  On<chip Ab- Micro-scale MNano Cantilevers,

Fluidic Filters Diclectro- based |mFEmnce 'Prﬂhe MNanoFETs, Nanopore Sensors
phoresis Capture Spectroscopy Arrgy Mano-pores for DNA Detection

Lah-on-a-chip for

Detection of Live Bacterig Ports Igbal, Akin, Bashir

Liu, Park, Li, Huang, Geng,
Fhunia, Akin, Ladizch, Bash

| [ ] L} | 1 | |
Filters Conc. Selective Viability Cell Mech/Elect. TR _
a i o e HICON Hanowires as
Dielectrophoresis Sorting Capture Detection Lysing Detection Biosensors
Filters an Traps for DNA, protein Elibol, Reddy, Hair, Akin,

Biological Entities Bergstrom, Alam, Bashir

Li, Akin, Bhunia, Bashir

Micro-Mechanical
Cantilevers for Detection
of Spores

Davila, Walter,

Trapping Lysing of Nano-Mechanical
hlﬂa_a[:t%rlai‘-:ﬂrgse_s In Cantilever Sensors for
EACIc L EIELS Detection of Viruses

Park, Akin, Bashir Gupta, &kin, Broyies,
Ladisch, Bashir

Akin,Aronson, Bashir

“Lab on a Chip” with microfluidics and micro/nanosensors
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Lab on a Chip

MEMS Qn-chip Ab- Micro-scale  Temp/ On-Chip PCR

Filters Dielectro- based Impedance Cth_ (o ptical/
phoresis Capture Meas. -mediated electrical)
oooog Yy hv
oooo Yy 9 D —“JLHF 7
N OoOoo - T L {,-"“ :
= loooo YYY =
oboo y i ¢ -] '
oooo , »
oooo rYY
| | | | | Tii |
Filters Conc. Selective Culture/ Cell Genomic
Sorting Capture Growth Lysing Detection
Detection
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Top-Down Silicon Field Effect Nanowire Arrays for Biomolecular Detection
miRNA and Cancer BioMarkers

Objectives:

- Bio-sensors with electronic output

- Capability of dense arrays

Metal
T

- Direct Label Free Detection of Cancer

relevant DNA and Proteins

2o

TFUG, June 16, 2009,

Capture
Molecules

Target + Plate Size~ 20nm X 1pm X 3pm
Molecules * Wire Size~ 20nm X 20nm X 3Kkm

\
0 e 5 W o B i B

Appl. Phys. Ledt., Vol B3, No. 22, 1 December 2003 BaShir et al

F _H;m

] 80 100 150 200 50 k]
Tirme (min)
Fifi, 5. Elocrical response of the device upon exposunc o oxygen (nod
dotied lmesh and mtrogen (hlue solul lmes), Vertscal axis shows the small @
signal conductance af 0 Y de bias and the horizontal axis the (ime nmin

wics. Experiment was performed at 82 *C of substrate temperature, and at-
masphend pressure. Uinhke mitrogen exposure, the conductance of the de-

P
vige decreases approximatichy 3% upon 1.5 min of exposane to oxygen. Nolg 4 '_'r
thai the niinogen purge sieps recovers the oxygen sensitivity of the device -

Demir.AkinATstanford.edu N




Genetic Manipulation/Lysis of Viruses, Bacteria, Cells in Nano-Probe Array

Handling and trapping of individual virus
particles in nano-fluidic devices

DEP mediated trapping and
electroporation/lysis of viruses and bacteria

Extraction and insertion of genetic material

e L o " E E = | i
W,t:i? positioned Thim floral S pruies Ente 05000000 Tims W4T
n the probes

A s —. Wirus particles
lm at region of high

Output

. =Lr field gradient B
T L s {8 si
— Bl - ":.“ ______________
1B : Wicre- fuidic R g
~—_  Channel i i
0 Wifithin P DS B

oide
L ]

iyt

-4 L

HCoV Yirus
Particles

Spacing between
Frobe tips

Park, Akin, Bashir. Biomed. Microdevices, 2007.
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Nanoseparation/purificatiop) s
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Admims

H.Li, L. Yang, D. Akin, T. Geng, A. Bhunia, T. T. Huang, M. Yo w N
Ladisch, R. Bashir, The 13th Solid-State Sens. Act.
Microsys. Seoul, Korea, June 5th-8th, 2005.
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Selective Capture and Separation by Dielectrophoresis (DEP)

200x_2mhz_2vpp_triplefilter_triplemix_01ulmin_¥
W stops_but not Lm

Adeno (red+blue) and WYW{green+blue) collects but not Lm (green)

Also:
- . 200x_2mhz_2vpp_1ulmin_¥
Dead vs Live Cells Vstops_but not _Lm {Blue

«And Normal vs Cancer cells channel for the viruses)
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Nanopore Sensors for Label Free Detection of
Single Molecule DNA/mMRNA and Sequencing

Igbal, Akin, Bashir

- Frontiers in biology - Single Top View TEM image
maolecule detection (and
sequencing)

- Nanotechnology-based (top-
down/bottoms up) are needed
for making these approaches ;.
usable, and robust and form
airays of addressable pores.
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Igbal, S., D. Akin and R. Bashir. Nature Nanotechnology, 2:243-248, 2007 .
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Nano-Mechanical Cantilever Sensors

Bashir, Akin, Ladisch, Broyles

Objectives: To develop technology for the

rapid detection of airbome pathogens
Concept Device Schematic

Air dow with wirus partide =

! Off-chip gir-collector

Fitters itotrap large
l-/ particles]

icro -machined
ChamberMow cell . i
S Caritilewers

(coated with 2bs);
v '
III

Sl

Chip

Interdigitated
electrodes for
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exhaust

Ar
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A cantilever (30nm x 1.5um x 4um)
with a single vaccinia virus particle

ﬂ " i i | Cantil
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- A Gupta, D. Akin, R. Bashir, APL, Yol. 84, No. 11, pp. 1976-1978, 15th March, 2004.
- L. Johnson, A. Gupta, D. Akin, A. Ghafoor, R. Bashir, Sensors and Actuators B, 2005
- Gupta, A., P.R. Nair, D. Akin, M, Ladisch, S. Broyles, M. A_ Alam and R. Bashir. PNAS,

103:13362 13367, 2006
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Nanocantilevers--- Nano “Scale”. How sensitive are they?

A.Gupta, D. Akin, R. Bashir. J. Vacuum Sci. & Tech. B 22:2785-2791, 2004

Thiol Molecules on
Au contact pads
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Single Particle Imaging, Biophysical/Mechano-elastic
Analysis of Biomolecules by AFM
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Single Particle Imaging and Biophysical Analysis: Enzymatic digestion
of vaccinia virus virion and the release of condensed viral DNA molecules.

Research Examples

180 mm

230nm

88nm .

T
K
; 1 o (b)
- .
g,l.!:'_,m-‘}_. 16nm

Viral Envelope

W =

'L' Hlpm]

1o0gr e
. .'II'I 3;‘:»"'@"*
EN = I W=
i s — / s
L o\ - b a0 | {c
1 ~o L g 1 o
@5 el { et '| =R o ]' gl:lﬂm; ||r.' |
E { -] i r |
E'_ : _ |II II' e I ‘ f
g i i
— 15 b | | i s - |
NH | I I.'ﬁ’-- N l 'Il 400
[ = | r
L 4 A v ¢ R T I T v o S St DM A in Capsid DM A out off Capsid
o il
05 i
ok

A. Ghafoor”, D. Akin®, R. Bashir, NanocBiotechnology, 2006.
Hlpm]

TFUG, June 16,2009, Demir.AkinATstanford.edu



Single Particle Imaging: Microorganisms

Research Examples
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Biocompatibility of Nanomaterials:Ultra-Nanocrystaline Diamond (UNCD)
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Biocompatibility of Nanomaterials:Ultra-Nanocrystaline Diamond (UNCD)
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NIH, Nanomedicine Development Center, phi29 viral packaging motor

Integrated RNA Motor based Active Nanostructures
and Nanosystems
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Nanometer Dimension Control: Atomic Layer Deposition based Anodized Aluminum Oxide Pore Size Reduction
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Demir Akin' 224, Anun K. Bhunia®, Sulma Mohammed, J. Paul Robinson®?, Rashid Bashir! 2342
LIBMA, 20eldon School of Biomedical Engineering, *Birck MNanotechnology Center, *Bindley Biosciences Center, ®Departrment of Food Science, *Departrment of
Comparative Pathology, "Department of Basic Medical Sciences, ®School of Electrical Engineering,
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Cancer: A metabolic and Immunological Perspective and A
“Trojan Horse” based Treatment Approach
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Cancer: A metabolic and Immunological Perspective and A
“Trojan Horse” based Treatment Approach
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Future “Drugs”

TSmart pills and implantables

Fixed Micro/Nanosystems

Nanomedicine

Active Micro/Nanodevices

. Targeting
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