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Outline

Need and challenges

DNA Analyses

Proteomics analyses

Opportunities in Ex-Vivo analyses 



Ex-vivo or in-Vitro: in artificial assay conditions that mimic natural mileu)



Research 
Tools

$7.9B (7%)
Genomics, 

proteomics, cell 
biology, …

Industry Segments

Human Diagnostics
$32B

Industrial
Dx

$3.2B (9%)
Food, beverage, 
environmental,

…

Central Lab
$24B (7%)

General chemistry, 
immunoassay, 
Microbiology,

NAT,
…

OTC
$5B (6%)

Glucose,
pregnancy,

…

POC
$3B (15% US)
General chemistry, 

immunoassay

150B+ Medical Device industry not included 
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Key Challenges, Drivers, Constraints & Needs
In Biomedical Research, Diagnostics

CHALLENGE
LIMITED STARTING

MATERIAL
BIOLOGY RELATIVELY 

UNKNOWN

DRIVERS
AGING POULATION
RISING HC COSTS

HC DELIVERY ACCESS
SINGULARITY PUSH

CONSTRAINTS
Regulatory 

REIMBURSEMENT RULES
LACK OF TOOLS
BIOMARKERS/

DISEASE ASSOCIATION 
LACKING

Continuum of  NEEDS
For System wide analyses: 
High resolution, massively parallel 
cost effective tools  
Discrete Multi-analyte Analyses: 
Ease of use- sample to answer
integration For field deployable highly 
specific and sensitive sensors 

TOOLS USED
SEQUENCERS

MICROARRAYS
TAQMAN/PCR

MASS SPEC ETC
PROTEIN ARRAYS

TYPICAL RESEARCH Q
GENE/PROTEIN CHANGES 
IN NORMAL VS DISEASE

GENE COPY NUMBER
METHYLATION

GENE FUNCTION

egs. cancer
Infectious diseases

Drug resistance
Bio-warfare agents

http://lymphaticspecialist.com/wp-content/uploads/2007/11/needle-biopsy.jpg
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1940    1950    1960    1970    1980     1990     2000     2010 

Single test in 
glassware  

Multiple tests 
in plate   

Multi-analyte 
tests on 
array    

Multi-single 
molecule imaging

Single test 
in plastic

Vacuum 
tube 

Semiconductor 
transistor 

Integrated 
circuit

SOC

Computing 
power  

Genome 
information

Single 
molecule 
biosensor

array

Simultaneous 
tests and data 

analysis

Opportunity for Convergence 

http://images.google.com/imgres?imgurl=http://www.itreviews.co.uk/graphics/normal/hardware/h738.jpg&imgrefurl=http://www.itreviews.co.uk/hardware/h738.htm&h=395&w=426&sz=21&hl=en&start=2&um=1&usg=__xZ_Q5NSWM4PSaTu_R8-p5mNS9h0=&tbnid=R519TN-70043JM:&tbnh=117&tbnw=126&prev=/images%3Fq%3Dpentium%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.pittjug.org/b2b/pics/IC_Component.jpg&imgrefurl=http://www.pittjug.org/b2b/electronic_accessories/1/ic_component_29.html&h=359&w=359&sz=10&hl=en&start=16&um=1&usg=__RjemkvE1ZEY9LqbaipXZcqUk4xc=&tbnid=njs1_d9OgqT3LM:&tbnh=121&tbnw=121&prev=/images%3Fq%3Dic%26um%3D1%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.ambion.com/figs/f00880.jpg&imgrefurl=http://www.ambion.com/techlib/tn/113/1.html&h=344&w=350&sz=26&hl=en&start=15&um=1&usg=__o46T0l7lGdnt_YiFXA4HdYqiiA8=&tbnid=OBlk4GxFDm4_0M:&tbnh=118&tbnw=120&prev=/images%3Fq%3Dgene%2Bchip%2Barray%26um%3D1%26hl%3Den%26sa%3DG
http://upload.wikimedia.org/wikipedia/commons/b/ba/Microtiter_plate.JPG
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45 nm PMOSHigh-k dielectric film Interconnects Processor

Cell:
10-100 um in diameter, 
>1012 cells in a human 
body

DNA: 
Total 3x109 base pairs, 
DNA is 2nm in 
diameter,  about 25,000 
genes

Increasing Complexity

RNA: About 
100,000 
species

Protein:
More than 1,000,000 
species and a Few nm in 
size 

Organism

Computing Platforms

Biomolecules and the silicon components at similar 
length scales

http://content.answers.com/main/content/wp/en/f/f0/DNA_Overview.png
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Sequencing Technology Disruption 

Daily 
Output

1G-

100M -

10M -

1M -

100K -

10K -

1K -

ABI

ABI

1985        1990             1995             2000                                       2005                             2010  2015

SC Companies
Nanopore ONT, 
STM, TEM

$ Cost:              30M                 8M                                          1M .5M           .1M  50K    10K        $1K  

Illumina

Roche 

ABI 

Single Molecule Seq
Pac Bio, Helicos 

* Other names and brands may be claimed as the property of others.

ABI

Complete genomics 

Note: Complete genomics,
Illumina and Life announced  
services @ 5-10K, 

Ion Torrent 

Ion Torrent pH, FET based, 454 chemistry, possible service model
* Revised 2/4/2010 under construction- Madoo

Optical Detectors
Cost- $.5M-1M
Take ~10 days 
or more to seq
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Intel Research Focus

4. Detect electrical signal

1. Generate base-specific signal 

2. Amplify chemical signal  

3. Confine signal

Integrated Reader HW 

System  and analysis SW

Label-free Low and high Density Electronic Arrays
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Why study Proteins?

• Closest to action in the body; proteins 
important in maintaining cellular function 

• Proteins interact with each other via a lock 
and key mechanism, abnormal interaction 
lead to disease

• Protein and peptide array can facilitate 
screening these interactions on large scale

Protein 1

Protein 2

Corresponding Key
Peptide/Antigen 1

antibody

antigens
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Use of Arrays: Checkups of the Future

• Body’s defends against foreign invaders by making antibodies proteins that attack foreign antigens

• However, some times body’s antibody turns against itself & leads to autoimmune diseases such as R. Arthritis

Scientific American 296 (3), 72-79, 2007

Screening & profiling auto antibodies using auto antigen micro array 
can diagnose and predict autoimmune diseases
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Peptide Array Project Process Flow
Develop silicon based peptide arrays for drug discovery and clinical diagnostics

Amino acid 

database
Wafers

Photomask setsequence 
conversion

Exposure

Resist
processing 

Up to 200

cycles Wafer-scale 
synthesis

+

Wafer surface derivatization & 

characterization (Milestone 1)

Photolithographic peptide synthesis 

(Milestone 2)

Array performance testing

(Milestone 3 & 4)

Application development (Milestone 5 & 6)

This project combines two well-established technologies: semiconductor 
photolithography and peptide solid-phase synthesis

http://www.rcsb.org/pdbstatic/general_information/news_publications/news/images/20070403lg.gif
http://images.google.cn/imgres?imgurl=http://www.pathwaymedicine.ed.ac.uk/content/1/c4/11/04/Biochip_Small.jpg&imgrefurl=http://www.pathwaymedicine.ed.ac.uk/beacon.html&usg=__sa4GiqdBNHHq7BGA2E5XdM_5ST0=&h=236&w=120&sz=11&hl=zh-CN&start=198&um=1&tbnid=8vt3yfLtzK26cM:&tbnh=109&tbnw=55&prev=/images%3Fq%3Dbiochip%2Bimage%26start%3D180%26ndsp%3D20%26um%3D1%26hl%3Dzh-CN%26rlz%3D1T4BJYS_zh-CNUS266US268%26sa%3DN


Ab mixture

6AA

peptide 

Immunovision Patient A Patient B

8AA

peptide 

10AA

peptide 

Photolithographic peptide microarrays on silicon wafers for screening patient 
protein profiles. Source: Intel Corporation, 2010



Opportunity and Challenges

• Bio-compatibility: understanding surface interactions 
at the intersection of biology and silicon

• Designing for manufacturability: Compatibility with 
standard CMOS fabrication methods

• Cost/Volumes for intended applications – modularity

• Low power and packaging requirements


