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Incidence of the word "MICROFLUIDIC” in PubMed
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“PG 1 01 Tabletop Laser Pattern Generator HETD et

- Substrates up to 100 x 100 mm2
 Structures down to 1 ym

- Address grid down to 40 nm

- 3D exposure mode

- Standard or UV laser source

Alternative technologies

Hot embossing

Injection molding - production scale
Casting - polymeric resins, PDMS
Plasma etching

Laser machining

Diffusion limited mixing

samplein

SILICON - ANISOTROPIC ETCHING

<100>
<111>

* Anisotropic etching - direction dependent etch rate

* Etch rate slower perpendicularly to the crystalline planes
with the highest density

* Typical etches: KOH, Tetramethyl Ammonium Hydroxide (TmAH)
Ethylene Diamine Pyrocatechol (EDP)
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Capillary force filling

Mikrofluidika

Manipulace ldtek v kapalné fdzi

Mensi rozméry - rychlejsi analyzy

Vétveni kandlkl bez mrtvého objemu

Paralelni systémy pro hromadné analyzy

Pristroje na jedno pouziti

VyuZiti jevd, které se neuplatfiuji pfi velkych rozmérech

Usporq prostoru

Examples

New approaches for DNA analysis based on:
massively parallel PCR and pyrosequencing
(www.454.com)

or

microfluidics
and

high sensitivity wn.ne.. detection

(www.helicosbio.com)

Presné ddvkovdni velmi malych objeml
Ll z-’] P
vzorek

0.25

-
]

presné
definovany
objem (nl)

hydrofobni zna¢ka

= ? Reaov in

| A HEARTBEAT.
‘ | ACCURATE RESULTS
WITHIN REACH.
L8 T [ G sitiong cal e
3 meguae, That's 1ol ot meed Heghe's
e ety
iy i ooeblyy e
PR At i
o tokencier snd il eorer vyna seed it
[ e S R s, the s, impramed ST T
D D e W W anabyper dellivers wews teits, actr cantridyes,
D B e,
| o R e o calt, 1-200-G0 HESKk b & veqpeest
I R Nt 3
psiz

Sekvence lidského genomu za $ 1000?

J. Craig Venter ). CraigVenter

V souéasnosti 1000 x vice

Mikrofluidika nezbytna

Prvni moZnd cesta - Spolegnost 454.com
(www.454.com)



454 Massively Scaleable Sequencing
in Picoliter Volumes
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Bead Loading - 454 PicoTiterTM Plate

Each Well contains a
single DNA Bead &
hundreds of enzyme

] :
. 50

Three current plate sizes:
300K Wells (25x75 mm?)
860K Wells (40x75 mmzz)
1.6M Wells (70x75 mm©)

191bp Perfect Read on 454 System
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Schéma metody

1) Ndhodné Stépeni DNA na krdtké dseky

Bvicr

2) Emulzni amplifikace na  3) Naneseni kuliéek do 100 000  4) Sekvenace s pomoci mikro&dstic s
28 ym kuli¢kdch mikrokandlkii na sklenéné imobilizovanym enzymem a
destiéce chemiluminiscenéni detekci

Sequencing-By- Synthesis

* Simultaneous sequencing of the entire genome in hundreds
of thousands of picoliter-size wells
* Pyrophosphate signal generation

Sepharose
DNA Capture Bead

Containing Millions of 7
Copies of a Single A6 T coa
Clonal Fragment

luciferin

Light + oxy luciferin

454 Sequencing Instrument Ease of Use

2. Load PicoTiter
plate into instrument

3. Load reagents
ina single rack

4. Sequence entire genome
at once, in real-time

|

[ 4
1. Entire viral or bacterial
genome is loaded on
aPicoTiter™ plate




System Performance

1 Person can sequence a genome from start to finish:
- Single sample preparation from bacterial to human genomic DNA
- Single amplification per genome with no cloning or cloning artifacts
- Fast - days from new organism to annotated sequence

100X throughput improvement over Sanger sequencing:
- 24-32 M high quality bases per run now, 20 Mbases per run minimum
- Production read length of 100 bases
- Consensus accuracy >99.99% with 10-15X oversampling

First Proven New Sequencing Method:
- Over 9 Different Bacterial Genomes completed multiple times
- Multiple viruses & Human Gene Regions completed
- First expression experiments (over 4M sequence reads) completed
- First human oncology (karyotyping) experiments successful

record
positions

remove
fluorescent tag

ligate sequencing
fluorescent ! g | reaction
universal i using

d fluorescent
primer at vk 4
the 3’ end i dNTP's

record
positions
attach on
— e the polyT
VL J} modified

'l |surface 7 7Tf i jieitoye

| | Y ‘;ﬁi ] fluorescent
\ Y| ’ | - label and

i ] | bl repeat for

\ | i | ' other dNTP's

Raw accuracy vs. read length > 99%

15 0 = 0 3 0 ™
Read Length (bases)

Sequencing throughput 25 - 90 million usable bases per hour

2

HeliScope™
tSMS -true Single

Molecule Sequencing

k) Helicos

www.helicosbio.com

Percentage of single molecule sequence reads
at or greater than a given length

100% ——
0% -“‘.‘1 86% of strands
Bo%
70% of strands
To%
| 50% of strands
so%
'l 28% of strands
%
20% -
0% -
oMtttk
15 0 ] 0 4] a0 as
Riead Length (bases)

ESI - concentration sensitive
(10 nL/min or 10 pL/min - similar sensitivity)

Charge competition
Different proton affinity
in the gas phase

1

Signal suppression

l

SEPARATION


http://www.helicosbio.com/Default.aspx?base

MS IONIZATION - SIGNAL SUPRESSION
(ESI and MALDI)

Pt
-t
MIXTURE =
— ’/\
~
condensed phase phase transfer- ionization gas phase

SEPARATED Q st
COMPOUNDS +

—'}/:\
oy

Elektrosprej - spojeni s hmotnostni spektrometrii

10pm

mikrofluidicky kandlek

Separation and Signal Suppression

530.62

1 min infusion CE-ESI/MsS -

” 810.17,

50161 f @

530.62|

-
bbb LU
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Mass (m/z) Mass (mi2)

CHIP ESI/MS COUPLING

flat surface electrospray
microfabricated tips
external (inserted) tips

external interface with a
transfer capillary

integrated pneumatic nebulizer

integrated liquid junction

Integrated Nebulizer

TR R B R

10 mm

Zhang, B. Liu, H. Karger. B. L. Foret, F. Anal. Chem, 1999, 71, 3258-3264.



Microdevice with Integrated Pneumatic Nebulizer
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ky z napareného zlata

ESTI tips produced by DRIE in silicon

Sjdahl, 7., Melin, J., Griss, P., Emmer, A., Stemme, G., Roeraade, J. Rapid Commun. Mass Spectrom. 2003, 17, 337341

Instrumentation Miniaturization

e analytical
phass nbe f 3 mm chem|s't|'yl973
emere " V@ ot

e [ VON amrimirn s

glas capiliary.

Sl with.

polyacrylamide

I

I
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Capillary gel electrophoresis

Separation of nerve cell proteins

H. Hydén et al. Anal.Biochem, 17, 1-15, 1966.

Micro-nib electrospray source
(SU-8 on a silicon wafe)

Le Gac S., Arscott S., Rolando C. ELECTROPHORESIS 2003 , 24, 3640-3647.

ESI tip array

DRIE in silicone Plasma etched

in polyimide

Molded plastics

Wy
—— J www.phoenix-st.com
B & /
\
www.agilent.com

. www.diagnoswiss.co
www.advion.com 9 u

“.. the potential of nanotechnology is so vast
that it has been easy for researchers to get
lost in the wilderness of possibilities."”

Stephen Empedocles co-founder of Nanosys Inc.,
Palo Alto, CA

“.. (the researchers) say the quantum dots
can do amazing things. How do I make money
from them?”

Edward K. Moran, Nanotech Industry Practice,
Deloitte Services LP, NYC



Patentovat? Patentovat!

Co je patent

Invention disclosure

Co ma smysl patentovat
Vyhledavani

Kam se obratit

Patentable subject

/ 2 QQ
4 ",
1. Does not fall under the laws of nature, natural pherﬁ'menu or nbsfrac‘FQdeas

2. Utility requirement - invention must be useful in association with machines,
human-made products;, compositions of matter or processing methods

3. Novelty the idea must not be presented to the p}Jbli; before the filing

4. Nonobviousness - it must be unr‘ecognizdbh, To a skilled person
in the field of invention B

5. Clarity of the description included in the application

www.uspto.gov

P ), Welcome 1o the only official Website of the.

G UNITED STATES PATENT D TRADEMARK OFFICFE
An Agency Of The United States Department Of Commerce

PR Tor novs

STOP .t
GOV "

What Is a Patent?

A patent for an invention is the grant of a property right to the inventor,
issued by the United States Patent and Trademark Office. Generally, the ferm of a new
patent is 20 years from the date on which the application for the patent was filed in
the United States or, in special cases, from the date an earlier related application was filed,
subject to the payment of maintenance fees. U.S. patent grants are effective only
within the United States, U.S. territories, and U.S. possessions. Under certain
circumstances, patent term extensions or adjustments may be available.

What is granted is not the right to make, use, offer for sale, sell or import, but the right to
exclude others from making, using, offering for sale, selling or importing the invention. Once
a patent is issued, the patentee must enforce the patent without aid of the USPTO.

There are three types of patents:

1) Utility patents may be granted fo anyone who invents or discovers any new and
useful process, machine, article of manufacture, or composition of
matter, or any new and useful improvement thereof;

2) Design patents may be granted to anyone who invents a new, original, and ornamental
design for an article of manufacture; and

3)Plant patents may be granted to anyone who invents or discovers and
asexually reproduces any distinct and new variety of plant.

.r

Patent je zdkonnd ochrana vyndlezii zaruéujici vlastnikovi
patentu vyhradni pravo k primyslovému vyuZiti vyndlezu.

V Ceské republice udélovdni patentd upravuje zdkon 527/1990. Podle néj se patenty udéluji na
vyndlezy, které jsou nové, jsou vysledkem vyndlezecké Einnosti a jsou priimyslové
vyuzitelné.

Vyndlez se povazuje za novy, jestlize neni souédsti stavu techniky.

Stavem techniky je viechno, co bylo zvefejnéno pirede dnem prihldSeni patentu, at jiz v Ceské
republice nebo v zahranici.

Za vyndlezy se naopak nepovaZuji zejména :

objevy, védecké teorie a matematické metody,
pouhé vnéjsi dpravy vyrobkd,

plény, pravidla a zpiisoby vykondvdni duSevni Einnosti,
programy poita&i,

pouhé uvedeni informace

Majitel patentu md vyluéné prdvo vyndlez vyuzivat (1]. vyrobek vyrdbét, uvddét do obéhu nebo
upotebit postup), ddle poskytnout souhlas k vyuZivdni vyndlezu jinym osobdm (napf. licenéni
smlouvou) a md prdvo prevést patent na jinou osobu.

Proto, aby patent zlistal v platnosti, je nutno platit tzv. udrovaci poplatky, a o v kazdém
stétu zvldSt. Maximdlni moznd délka patentové ochrany je 20 rokd.

http://cs.wikipedia.org/

http://www.epoline.org/
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Patent Search

[APPLICATION) throughput preparz

Search over 7 million patents. 52 ot Ao 10453300 ied Sop 2. 2003~ NORTHEASTERN UNIVERSITY
... Brighton, MA (US), Frantisex Foret, Maiden, MA (US), Marek Minarik, Winthrop,
"A(\E), 3 ©2)

peucaion Multichanne! microscale system for high throughput prepars
US Pat. App 10:052,773 - Flled Aug 20, 2003 - NORTHEASTERN UNIVERSITY
.. Brighton, MA (US), Frantrsek Forat, Maiden, MA (US); Marek Minasik, Winthrop,
MA (US); Addy

US Pal 0554085 - Flod Aug 13, 1090 - Curaten Gorporation’
Thars i & samber o wal Imovn compeoeturs b sequence of 13 o, o0,
Kleparnik et al, supra). FIG. 8 shows a portion of the elactropherograms of

Fluorescence based nuclease assay
uwm B127124 - Filod Jan 20, 1999 - Isis Pharmaceuticas, Inc
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