Miniaturization of
Bioanalytical Instrumentation

DNA analysis - genomics
Protein analysis - proteomics

hol ey

Metabolite analysis - me: ‘me
Glycomics, ...

New technologies
Microfluidics - Mass Spectrometry

Frantisek Foret, Institute of Analytical Chemistry
Academy of Sciences of the Czech Republic, Brno

Microfluidics?
Microelectronics Microfluidics
Control of electric current control of fluid flows
Technology
Speed of
analysis
Producst "
Space saving
l Cost cutting
Consequences Mass production
[

Stephen Quake, Dept. Bioengineering, Stanford University, http://thebigone.stanford.edu/index html

Instrumentation Miniaturization

A miniature fast analyzer systom 327A

Capillary gel electrophoresis

Separation of nerve cell proteins

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

by Hank Hogan, Contributing Editor
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MICROFABRICATED DEVICES

* Sensors - accelerometers, glucose monitors, ...

o - first commercial applications

* Proteomics - sample processing
separation
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* 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

Photolithography

1. Expose 2. develop and etch
mask

photoresist
__ protecting layer
(Cr, Au)
Substrate (glass, silicon, ...)

3. Remove the protection layer

4. Close the structure

(thermal bonding)
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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)

System Integration

+HV wash liquid junction

(spray liquid)
|| [
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ESI capillary in




Diffusion limited mixing

Capillary force filling

Droplet deneration in nl-pl volumes

Seth Fraden et al., J. AM. CHEM. SOC. 2007, 129, 8825-8835.

Spatial flow focusing
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www.digital-bio.com

Exact volume metering on the nl level
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Hydrophobic patch

Microfluidics
Fluid (liquid) phase handling

Smaller size - faster analysis

Microchannel junctions without dead volume

Parallel systems for high throughput

Disposable parts

Phenomena unimportant on a macro scale become dominant

Space saving



Small volume problem

Example: LOD = 100 molecules

'I 215mm - 10 pl ~ 1015 M

& 1 mm - Tul~ 1014 M
. 0.1 mm -> 1nl~101M
0.001 mm -> 1fl~105M

Examples

New approaches for DNA analysis based on:

massively parallel PCR and pyrosequencing

(www.454.com)

or

microfluidics

and

high sensitivity wn.n detection

1 454 Massively Scaleable Sequencing
in Picoliter Volumes

2) Emulsion amplification
on 28 ym beads

4) Sequencing using microbeads with
i ilized enzyme and

3) Loading of the beads into
100 000 microch iy a
chemiluminiscence detection

nannel glass plate

Human genome for $ 1000?

J. Craig Venter ). CraigVenter
At present ~1000 x more
Microfluidics necessary

First system - 454.com
(www.454.com, Roche)

Bead Loading - 454 PicoTiterTM Plate

Each Well contains a
single DNA Bead &
= hundreds of enzyme
b . beads

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




Sequencing-By-Synthesis -
Pyrosequencing

1. add one of the four dNTPs and DNA polymerase -
pyrophosphate (PPi) released stoichiometrically

2. ATP sulfurylase converts PPi to ATP in the presence of
adenosine 5° phosphosulfate; ATP+luciferase ->luciferin to
oxyluciferin. Light emission proportional to the amount of
ATP.

3. Unincorporated nucleotides degraded by apyrase

A AT C 6 6 C AT 6 CT A A A
A

ATP

T
Anneal Primer.

luciferin

Light + oxy luciferin

2

HeliScope™
tSMS -true Single

Molecule Sequencing

www.helicosbio.com

3

SMRT™ single molecule, real-time sequencing

www.pacificbiosciences.com

191bp Perfect Read on 454 System
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Direct electrical detection of DNA synthesis
Nader Pourmand, Miloslav Karhanek, Henrik H. J. Persson, Chris D. Webb, Thomas H. Lee,
Alexandra Zahradni’kova , and Ronald W. Davis, PNAS 2006 vol. 103 6466-6470


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

3
Nanopore DNA sequencing

L ]

DNA
nanopore

Protein Analysis

Much more complicated than DNA
Posttranslational modifications
1013 concentration range

No PCR

Separations + ESI/MALDI Mass Spectrometry

MS IONIZATION - SIGNAL
SUPRESSION

(ESI and MALDI)

MIXTURE S
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condensed phase phase transfer- ionization gas phase
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http://www.nanoporetech.com

Ionization in mass spectrometry

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

Charge competition
Different proton affinity
in the gas phase

]

Signal suppression

SEPARATION

Separation and Signal Suppression

530.62
1 min infusion CE-ESI‘/MS -

591.61 @
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Electrospray ionization CHIP ESI/MS COUPLING
sample\

flat surface electrospray
~ 3000 V * microfabricated tips
/P * external (inserted) tips

external interface with a
transfer capillary

integrated pneumatic nebulizer

integrated liquid junction

Microfabricated nebulizer




Pneumatic nebulizer

to MS +

— &3 = - nitrogen chanels

+——== separation chanels

=

reservoirs

ESI tips produced by DRIE in silicon

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

Pneumatic nebulizer

givesrsanss

§

10-M bradykinin, neurotensin and angiotensin

geEssssanss

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

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

EST tip array

DRIE in silicone

www.advion.com

Molded plastics

www.phoenix-st.com
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www_agilent.com

Plasma etched
in polyimide

www.diagnoswiss.com



Polyimide HPLC-chip, integrating an enrichment column, frits, a
laser ablated ESI tip and trapazoidal separation column

HPLC on a chip

www.agilent.com Separation column

6portdesign T ——
and enrichment column

o®
l l Separation Column:

Cross: 50 x 75 um
Length: 43 mm

Segmented column HPLC/chip

(A)
Standard one-segment LC
column with sample loop
bypassing the enrichment
column
=

(B)
Two-segment LC  column
Stator with sample loop.  Note

transfer channels.

Three-segment LC column
with sample loop.  Note
twansfer channel i blue. Full
column layout is below.

http://www.youtube.com/watch?v=0BXK29YsplU ww.agilent.com

Segmented column HPLC/chip

Three LC columns - length 130 mm -

Each segment individually packed.
Reversed Phase Multi-segment three chip stack in enclosure.
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BSA digest separated with a 30min gradient on a 2 column segmented
www.agilent.com chip, packed with 3.5um particles www.agilent.com



naROTite UPLC System

UPLC Performance

All fluidic connections are

pre-made & factory tested e EST Emitter

) Built-in Heater,

Integrated ESI Emitter Sensors, EPROM
Low System Volumes

Decreased Band Broadening
Higher Sensitivity
Incorporates:

— Heater & Sensor

— EPROM
Increased Reproducibility SRECColumI

hanoTile Assemblx

Green tape

Al,03-MgO-SiO; glass particles mixed with organic
binders and solvents to form glass ceramic

Product Description

951 Green Tape is a low-temperature cofired ceramic tape.

The 951 system comprises a complete cofireable family of Auand Ag
metallizations, buried passives, and encapsulants.

951 is available in multiple thicknesses for use as an insulating layer in:

*Multichip modules

+Single chip packages
+Ceramic printed wiring boards
*RF modules

http://www.dupont.com/mcm

Trizaic System

Ceramic Microfluidic Fabrication

Cut Ceramic Material Fired Wafer

Final Diced Part

Channel Geometries and Packing

1.7um particles

10



Channel shape effect
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Tapered vs. untapered

Miniaturized (microfabricated) mass spectromete

/‘.

Miniature Mass Spectrometers

Mass
analyzer

W
lonization in vacuum: (Y/N)  Operating pressure
4

§ - e

Y
Hi-vacuum pumping 8 = Rough pumping

L Pumping

»
x
3
2
k
[
3
3
§
v

Ouyang Z., Cooks, G.R., Annu.Rev.Anal.Chem. 2009, 2, 187-214.

Packed glass LC chip

!
]

CHIPLC trap

CHIPLC column

Eksigent, part of AB SCIEX, www.eksigent.com

Miniaturized (microfabricated) mass spectromet

Table 1 Portsble mass spectrometry anslytical systems.

|

Portable systerms without
Self-sustainable portable syscems . rouh &

‘Mini 10/Mini | ChemCube™ | Guardion-7™ | Suitcase TOF | Griffin 600™ [ lon-camera HAPSITE®
Systems 1o.4 (D) (&) () 16 un MS(52) a9
Develaper | Pardue Micromaic “Torice, Jobe Hoplims | Griin O Nnalyical | Samyang Tnfeve

Universy Sptems fechoalogies | Appled Anmsdysical Chemical Co.

Hysolab | Technolopes,
ne
Weght | 0kgAly | Hig [T NI 15k [ 1Sy 18ty
Power | WnOW [ 50W BW Niv NIA W SW 0w
Mass Reulmearion | Qudrpale | Toridalion | TOF Clindrcalion | Mattauch- Ckndeicalion. | Quadeupole
analyzer | wwp s s wwp wp Hernog wp s e
sectoe

MSAS | Ve No Vs No No No No

MIMS, e | SPMEED SPME,mini | MALDI SPMELMINS | Direat goslesk | Pubsed gas bak | GCEI
fonization | leak, GDEL, GCEL El El B

| arcLEst,
| vesture

Mas | wET0, s . /50, wETO000, | mizdn. s 100, s 300, /2300,

Roa 200, R =40 R = S0 R=70 R 40 R = 30 R= 150 R =300
resolution | wu 1500,

RS0
Atbesisos AN, . -

mpact G,

e

s spesrnery, SPCE, sk ghae iceniescton; TOF, time of fghe

Ouyang Z., Cooks, G.R., Annual Rev.Anal.Chem. 2009, 2, 187-214.
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Miniature Mass Spectrometer Systems
based on a Microengineered Quadrupole
Filter

A. Malcolm, S.Wright, R. R. A. Syms, Entrance pupil
N. Dash, M.-A. Schwab, A. Finlay

A miniature mass spectrometer for liquid
chromatography applications
Microspray Vacuum lon Quadrupole

interface guide filter

T 1 1T 1T

Main filter rod

Microspray chip i vacuum interface chip Proilter
Si rod mount

Fiuidic and slectrical
connections.

+
——
t TN TH W
e Mass Analyzer ionchip® quadrupole mass spectrome:

Mass Range m/z 50-800 with ionchip®150
Mass Accuracy = m/z 0.3 in full scan

Volme 25 sue 21 pages 2615388, 5 GCT 2011 DO': 1010021 £230 Mass Resolution m/z 0.7+0.1 FWHM
i ’ Sensitivity 10pg of reserpine in SIM mode S/N rati
Advion expression Compact Mass
4
) Spectrometer
%424 Microsaic Systems

s ’ 4
=
=0 | e
)
4000 MiD Bringing mass spectrometry down to size =

www.advion.com

WWW.microsaic.com
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Patent? Patent!

What is a patent

Invention disclosure

Does it make sense to patent?
Patent search

Resources

4%,

Patentable subject - ’ o
EERNN
S,

» )
. Does not fall under the laws of nature, natural phen%menu or abstrac?&iens

. Utility requirement - invention must be useful in association with machines,

human-made products, compositions of matter or processing methods

. Novelty the idea must not be presented to the pﬁbh’; before the filing

. Nonobviousness - it must be unrecognizable to a skilled person

in the field of invention

. Clarity of the description included in the application

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

f .
\

d

“... (the researchers) say the quahtum dot

can do amazing things. How do I make m

from them?”
Edward K. Moran, Nanotech IndustryPrdctice, Deloitte Services LP, NYC

What Is a Patent?

A patent for an invention is the grant of a property right fo the inventor,
issued by the United States Patent and Trademark Office. Generally, the term 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 fo 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 ferm 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 to 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 vyndlezi 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 Cinnosti a jsou primyslové
vyuzitelné.

Vyndlez se povazuje za novy, jestlize neni sou¢dsti stavu techniky.

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

Za vyndlezy se naopak nepovaZzuji zejména :

objevy, védecké teorie a matematické metody,
pouhé vnéj3i dpravy vyrobki,

pldny, pravidla a zpiisoby vykondvéni duSevni &innosti,
programy poéita&i,

pouhé uvedeni informace

Majitel patentu md vyluéné prdvo vyndlez vyuZivat (tj. vyrobek vyrdbét, uvddét do obéhu nebo
upotiebit postup), ddle poskytnout souhlas k vyuZivani vyndlezu jinym osobdm (napf. licenéni
smlouvou) a md prdvo pievést patent na jinou osobu.

Proto, aby patent ziistal v platnosti, je nutno platit tzv. udrzovaci poplatky, a to v kazdém
stétu zvId&t. Maximdlni moznd délka patentové ochrany je 20 roki.

http://cs.wikipedia.org/
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An Agency Of The United States Department Of Comn
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USPTO Introduces New Intellectual Property Curriculum
Patonts I-D@eaTM inspires creativity and teaches students about patents,
trademarks, copyright
Trademarks
Copyrights. The USPTO has announced the launch of a new, dynamic cumculum that inspires.
Policy & Law students to be creative and teaches them about the value of patents, trademarks,
Products & Services  and CoPyNghts, as well as the importance of respecting other's intellectual
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Europesn Patent Office
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nalysis
Plvodce: KARGER BARRY L (US); KOTLERLEV  PriblaSovatel: UNIV NORTHEASTERN (US)
(US); (+3)
EC: GOINIO/46E; GOIN27/44783; (+3) MPT: GOIN27/447; B01D15/08; GOIN30/46 (+5)
Informace o sverejnéni: US2004040851 - 2004-03-04
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AMUL HIGH ]
Kontaxtova napovéda WITH =
? 2 COLLECTION AND ANALYSIS

28200 Phvodce: KARGER BARRY L (US); KOTLER LEV.  PHilakovatel: UNV NORTIEASTERN (uS):
9 Preé o goet zarnami sésy (Us); (+3, KARGER BARRY L (US); (+4)

sheedny s o) 1) MPT: GOIN1/10; C12M1/00; C12N15/09 (+13)
9 Pot iy dsbammnt e Informace o rverejnéni: W09922228 - 1999-05-06

oteazen v sememy DEVICE FOR LIQUIDS" GA: STATIC

viveai? REDUCTION
2 oot nby cvartm vyveay Piivodcs: PREISLER VASTIMIL DOC ING CSC  Prihlatovatel: PREISLER VLASTIMIL (CS);

. (CS); KLEPARNIX VOITECH ING (CS); (1) KLEPARNIK VOITECH ING (CS); (+1)
£c WET: FI6L55/04; F04029/66; FIGL55/04 (+3)

Informace o 7verejnéni: CS8807023 - 1989-06-14
n EQUIPMENT FOR MAKING OF WOODY MA’
IMPREGNATION BY MEANS OF GASEOUS AMMONIA/
Pivodce: KLEPARNIK VOITECH Piihlatovatel: KLEPARNIK VOITECH
— [z MET B27K3/20: COIC1/02: BITKI/16 (+3)

v mém seznamu patentd
r
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Patents  any status - issued patents - Applications
Did you mean: Kaparnik

Mutichannel microscale system for high troughput preparative separation

US Pat 6060149 - Frad Ape 24, 2000 - Backman Co
Kieparnik

perucanon Mulichannel microscale system for igh throughput preparative separation .

US Pat. App 10 RN UNIVERSITY
... Boghton, MA (US), Franhsek Foret Mu)an MA (US), umx Minank, Winihrop,

MA (US), Karel Kleparnik, Brmo (CZ) Correspondence Address: WEINGARTEN. ...

pon mmm Mulhchannel mlc 105 'le sy;tem for high mrwghpu! pveparallve separation
pp 10652

... Brighton, MA (US), Fuﬂm Fore,Masdon MA (US), Marek Minar, w-mmnp
14A (US), Kars! Kloparnik, (US) Cormespandence Address: WEINGARTEN, ..

Methods and formuk for the separ;
US Pal. 6554985 - Fiod Aug 13, 1999 - CuraGon Corporation

There are a number of well known compressions in the sequence of M13 (see. eg
Kleparnik et al., supra). FIG. 8 shows a portion of the elactropherograms of ...

Fluorescence based nut E_{i&ﬁ_i!}
US Pal 6127124 - Féod Jan 20, 199 o s, Inc

Fal | 536/ % Kieparnik of ol , “Fast uummn of 8 (CAYIB microsalobo .

wpruicanion Dna separation using inear polymer solutons with dimethy! sulfoxide
US Pat. App 107290, 797 - Ffld Jul 9, 200
0077] Kioparnik, K., Fores, E, Berka, J , Goetziger, W, Milr, AW and Karger,
BL, Ectrophoresss, 1996, 17, 1860-1
Stay up to dale on theso rasuls using the patents.

fead on Kleparnik
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