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6. Sampling for bioanalysis

e [ntroduction

* Strategic developments of sample
preparation methods

* Integrated sample treatment

— Diffusion, extraction and cell filtration

in medl&:'al field
' ‘The ml:mdug:tnon of

* Bioanalysis systems
— Bodyfluid sampling and sensor stack
— Cell containing samples

* Qutlook: Future developments

. * Summary
mtroduced
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Introduction

.' . Biosample plug form
| i e Biotechnology

e Pharmacology

® Medical diagnostics

e S o E. Vrouwe et al., University af Twente
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6.1. Introduction

Biotechnological sample monitoring

Detection and quantification of components often using
electrical means to reduce operator influence as known from
optical microscopy, e.g. in the hospital environment.

Integration of the information obtained with other process
parameters available in real-time and thus utilization for process
control loops.

Wednesday, August 17, 2005 Regina Luttge M

6.1. Introduction

Multiple functions in a single biochip

www.ushio.cojp
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6.1. Introduction

Defined sample volume (plug)

Sample
inlet

Overflow - o = Tos
channel

Volume

definition I
chamber —— a4

(60 ni)

Hydro-

phobic T
break 1

1. Liquid drawn in by capillary action.

2. Overflow channel activated at a low spin speed,

Particies removing excess liquid.
packed !

Coumn B 3. Volume (60 nl) defined within the chamber.

phobie 4. Defined volume moves through packed column

e by increasing spin speed.

www.gyras ul
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6.1. Introduction

Electrokinetic sample plug definition

Filling of the reaction chamber Gated injection for separation
DNA | enzyme DNA . enzyme
buffer waste 1 buffer waste 1

GND 0.3 HV  floating |

U separation

separation
m column m column
waste 2 waste 2

5.C. Jacobson, JM. Ramsey, Anal. Chem. 68 {1006) 720-723
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6.1. Introduction

Advanced Sample Manipulation

buffer
@ An elocteeds e
e s
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waste-2 ; .

Hewrcu
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il and gl

Microfluidic Devices
for Electrokinetically
Driven Parallel and

Methodology for device
mniaturization and
insulation on a silicon substrate

Serial Mixing Y. Jeong ot al,
Lab on a Chig, 2001, 1, 143-147
SO Jacobson et al., Anal. Chem. 1999, 71,
ediit itz -
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6.1. Introduction
On-chip bead-based digestion-
separation-MS

;¢ | capillary tip I

) m—e
| #=r~r 15MM ——sj ]
Top view Side view

Beds of immobilized trypsin on beads:

* Increased trypsin:protein ratios — enhanced reaction rates
+ Higher trypsin concentrations possible — it doesn't eat itselfl
Ref. C. Wang et al. Rapid Commun. Mass Spectrom. 2000, 14, 1377-83.

Shide prepared by 8. Verpoorte, RUG, The Netherlands
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Strategic developments of
sample preparation methods

~ Topics in this section
 Skinpenetraton

/

¢ Retrieving samples through skin

e Blood sample requirements
— Good efficacy
— High quality of life
— Low cost

e Technological solutions

Human skin

Wednesday, August 17, 2005 Regina Luttge M

6.2. Strategic developments of sample preparation methods

Blood Sampling Standards

Tourniquet is applied
and area is disinfected |

Needle is introduced
into vein, blood is drawn
into vial and analyzed
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6.2. Strategic developments of sample preparation methods

Various types of “fine” lancets

Automatic lancet

(Bayer) o

Automatic lancet A

Vacuum lancet (Bayer)
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6.2. Strategic developments of sample preparation methods

Finer Needles?

Lancets still cause pain / inconvenience
for the patient and still involve good
discipline handling by the patient or even
a trained operator to properly collect the
sample!

| »*Blood Glucose ) o i
~ Monitoring | What's different about the new 33-
-BD™ Blood gauge BD Ultra-Fine™ 33
Glucose Monitors ﬂllCE’t.'\'I?
- View a demo . )
. BD™ Test Strips Smaller Blood Sample, Less Pain
AR
i “m e The BD Ultra-Fine™ 33 Lancets are the thinnest lancets
. Memory Features available, which means that you'll experience less pain

e Blatatas when taking a blood sample,
|
Eonlaienm
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6.2. Strategic developments of sample preparation methods

Micromachined needles

Claiming painlessness (?)
Mechanically highly resistant needle
Low flow resistance (+/-)
- Large exposure area by dense arrays (+/-)
Inject 100 y in 2 sec using a 3x3 mm? chip would cause a

pressure drop of 2 kPa.

I ga32 15ku K14 " Tan HO3S

Wednesday, August 17, 2005 Regina Luttge

6.2. Strategic developments of sample preparation methods

Silicon Microneedles as Sampler ?

Collaboration of

- Transducer,
Science and Technology Group,
BIOS (MESA*), and Nanopass
Technologies Ltd., Israel

3-D masking
for KOH etching

Cardeniers et al, Journal of Microelectromechanical Syst Vel 12, Ne. 6, 835-862, 2003
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6.2. Strategic developments of sample preparation methods

Standard lancet versus silicon array

-+ Advantages/disadvantages

A Luttge et al., University of Twents, 2002

Wednesday, August 17, 2005 Regina Luttge
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6.2. Strategic developments of sample preparation methods

Transport of “Sample”

»  Fluorescent dye testing

Fluoreseein in
buffer at pH 6.4

Silicon needle
array

PMMA plate |

with through hole Buffer pH 6.4

View
(inverted microscope)

R Luttge et al., University of Twents, 2003
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6.2. Strategic developments of sample preparation methods

Electrical penetration sensing

- Skin impedance measurements
during microneedle insertion

"y LabVIEW
09f 03N Impedance Interface
analyzer

0.8
0.7
_— 0.6
N 0.5

0.4

0.3

o2l ( Penetration of - i
“I \ stratum corneum ,

0.1 4 Resistance change
0
0 10 30

t (min) »

F. Loeters et al, ({TAS2004
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6.2. Strategic developments of sample preparation methods

=y

SU-8 microneedles

- Lithography on pre-patterned
substrates

Rl

q H D, Alpeter et al., Umiversity of Twente, 2003
; 1 Nancpass Lid., patent pending
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6.2. Strategic developments of sample preparation methods

The “Filtration Spectrum”

] Micro percolation filters _ |

Filration -—tttfantiieem ottt it | Diffusion driven filters

| 1 lﬂﬁ:n)dhﬂysisiﬁﬂnrs I ................................. S L 2 L S W A .

Red Blood Cells -t itiianmibititnsatttihisnstassb bbbt s sadusdampatastiddsssseshastss - ..............

Blue tnd|go Dye ............................... _ ...............................................

Tobacco Smoke

Virus

sYn[hehc Dye ........... - .........................................................................................
Aqueous Salts “ .......... S N U 1 01| B 0 . 1R ) SO 4 LIR30 AR

Metal lon - [~

r T Ll T L T it FOES b
10" 10° 10° 10" 10° 10 10° 10’
Diameter in pm
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6.2. Strategic developments of sample preparation methods

Types of filtration

fced

_' ,;é

}

i* Concencrate >

Permeace
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Filtrace
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Wednesday, August 17, 2005 Regina Luttge

hitp howw.gewater.com

Mt



6.2. Strategic developments of sample preparation methods

Filter types

Screen membrane filters (capillary pore), left
- Depth membrane filters (tortuous filter), right

Rty Showw. gewater.com

_MESA*
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6.2. Strategic developments of sample preparation methods

Micromachined filter membranes

White blood cells are stopped
Red blood cells squeeze through

varn den Berg, University of Twente

Wednesday, August 17, 2005 Regina Luttge
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6.2. Strategic developments of sample preparation methods

Channel integrated filters

- Silicon micropost-type filter

- Wire-type filter

«  White blood cells are isolated from whole blood. Genomic
targets can then be directly amplified.

Wednesday, August 17, 2005 Regina Luttge

6.2. Strategic developments of sample preparation methods

Studying cells on microchip

«  Characterize cellular
flow properties

- Control cell flow
+ Capture single cells

Manipulate cells by
e.g. electrical fields

Walero et al., Nanoscan STW -project

Wednesday, August 17, 2005 Regina Luttge
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Topics in this section Integrated sample treatment

Sample preparation/
clean up

e Reducing the complexity of a
sample
— Diffusion based systems
— Solid phase extraction

Wednesday, August 17, 2005 Regina Luttge _M

6.3. Integrated sample treatment

Sheath flow- mixing by diffusion

50 um

Solution B

Macromolecule
in solution A

Focused macromolecule
stream in solution B

Solution B

Wednesday, August 17, 2005 Regina Luttge ‘M



6.3. Integrated sample treatment

Diffusion-based reaction

Waste
- Reference and sample L
solution are broad into %
. a of Flow
contact with a detection i Vi
solution downstream. z0nes Magnified cross section of

& ” Dataction stream
-+ Reactions occur in the
= H - . Reference stream
interdiffusion (mixed) ]
zones.

T-sensor®

Reterance

micronics solution inlet

Source: P. Yager, Univ. of Washington, USA

Wednesday, August 17, 2005 Regina Luttge M

6.3. Integrated sample treatment

Determination of human serum albumin

* o T.._- ! 0 g HSA/100 ml
T F- -
! " '}

dwecnon of Mew,

&
- t P .l
’. ¥ \‘u..a,-\"r'_f._“ ! 2 HSA/100 ml
£ J . ——— _
TN I
ralereace et supls et P U indicsor [
Nqu._!:h;;;l;::w"# E background 1 o 4 g HSA100 ml
1220, Moo Toaemor (I prpliun by graphien fums 3 g W e e
2 |
i / \ 6 ¢ HISA/00 mi
meemal control Il samples
b
Rt S 8 g HSA/00 ml
XK R o W B oW Wom Tha

channel cross section x

Fig. 12.21. Example T-Sensor assay. Fluorescence micrographs of a detection chan-
nel section containing a control, indicator, and sample streams during a determi-
nation of human serum albumin, and a graph displaying the corresponding light
intensity profiles across the width of the channel

Wednesday, August 17, 2005 Regina Luttge M



6.3. Integrated sample treatment
Microsecond mixing/de-mixing by
hydrodynamic focusing

Side ‘

Protein
+

Denaturant

Buffer — +—Buffer

Denaturantfs
Jdiffuses | phitition
out of

reaction

10 pm

l‘U'dIII]_D\

kinetics Detection
observed window

LB, Kwight, et al. / Phys, Rev, Lett, 80, 1998, 3863-3866
DB, Hertzog, et al. / Proe. Micro Total Analysis Systeme Conf. 2003, Squaw Valley, Cet. 3-9, 2003, pp. 821-894
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6.3. Integrated sample treatment
Continuous-flow chemical processing

+ Combining microunit operations and multiphase flow network
+ Co(II) conc. detection limit: 18 nM, absolute amount detectable

0.13 zmol.
Standing
1 Reaction & extraction Dividing
2-nitroso i e
-1-naphthol @ Reacuon & extraction |
Spectrometer i _area !
m-xylane \l, CO"'
Sample ot -
‘}_~...,- gt NN
Rnctmn : [ o A —p S e 2
Cof(ll) Determination NaOH T "1 - I., | %
f/{ r.‘,o(melaln \" Decomposilion & removal
| 2. Decomposition & removal | s . ‘_. area
HCI-Water-NaOH ‘% S HO Detection
Phaacior & adricton bed § :‘ Matal ions
R ~ e, (N
HHeH - WO ¥ —_
mayara = — te. ——e- — 2
Sample HaoH / 7, \\ P }a
Sunding Curmepastion & memet e ! Metal chelate NN

Decomposition & removal *Dividing
of coexisting metal chelates ‘Washing NaOH
3 times or mare amatic illustration of Co(ll) determination by combining MUOs.

M. Takeski et al., Anal, Cham. 74, 2002, 1565
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6.3. Integrated sample treatment

Solid-phase packed bed extraction

Cover Plate

- Analyte-bead interaction may
be:
- Physical
- Chemical (surface
modification)

a)

RD. Oleschuk, AB. Jemeres, L.L. Schultz-Lockyear, F. Fajuyighe, D.J.
Harrison, FProceedings of the Micro Total Analyeis Systems Symposium
2000, Kluwer Acadewmic, Dordrecht, 2000, pp. 11-14.

b)

Wednesday, August 17, 2005 Regina Luttge M

6.3. Integrated sample treatment

Magnetic bead extraction

Magnetic sample preparation {4} Topview
B Magnetic beads #1
_ ¥ with bacteria 29
Sample with | i binding surface ¥
bacteria 5 0{1,’ i
Mix sample containing 14.7 ]
bacteria with buffer
g and magnetic beads 02% Syiinge pumy
a
Incubate 5. min to #2 &
allow the bacteria
attach to the beads i
1 (b) Side view 5 5
1.9
. H-E-
Extract bacteria | +
0 from the sample 1.2
solution using a :
‘ magnet, Remowe 0.03 ?
2 sample solution

Add lysis buffer \ / Total RNA . Dynal bead

to release DNA.

Add ethanol Magnets RNA S —

RNA 5 — n'”“-”b

MRNA 5 — 400 T

0‘ - mRNA isolation for
< o the purpose of ¢cDNA . 2 [

[N
TITI7TTTTT

‘Wash the bead/ » =
DNA comple library construction
MRNA 5 e—
PcR-ready DNA RNA 5 e— =% sk swny
i o genpoaALom Mediajeamplop rep-&if G Jiang, D.J. Harrison, Analyst 125 (2000) 2176-2179
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6.3. Integrated sample treatment

Docking system for cell analysis

@

Control of cell transport and docking
using a ‘Parallel dam' structure (5 ym)

Generation of concentration gradient
by controlled fluid distribution and
dif fusive mixing

®)

Made of quartz with PDMS seal

+ Successfully measured the ATP-
de Iendenf calcium uptake in HL-60
cells.

Yang (2002) Analvtical Chewpusiry, 74, 3991-4001.

Wednesday, August 17, 2005 Regina Luttge M

6.3. Integrated sample treatment

Suggested reading

James P. Brody and Paul Yager, A Diffusion-based extraction in
a microfabricated device, Sensors and Actuators A 58, 1997,
13-18.

Jan Lichtenberg, Nico F. de Rooij, Elisabeth Verpoorte,
REVIEW, Sample pretreatment on microfabricated devices
Talanta 56, 2002, 233-266.

Wednesday, August 17, 2005 Regina Luttge M



'. Topics in this séction Bi()aI'IaIYSiS SyStemS

Integrated microfluidic
bioanalysis

e Bodyfluid sampling

o Lab Chip, 2005, 5, 9i-96

Wednesday, August 17, 2005 Regina Luttge M

6.4. Bioanalysis systems

Microneedle integrated glucose sensor

Silicon Access hole Resgervoir

Micro-Needle

Channels

Mukeriee et al., S&A A (2004)

Wednesday, August 17, 2005 Regina Luttge M



6.4. Bioanalysis systems

n-needle biofluid sampling

WednesdaVilksdeeret@ls S&A A (2004)  Regina Luttge

6.4. Bioanalysis systems

Blood and interstitial fluid sampled by
microneedle array

Whole Blood in microchannel

(A) (B)
Mukerjee et al,, 584 A (2004)
Wednesday, August 17, 2005 Regina Luttge




6.4. Bioanalysis systems
Integrated sampling — selective sensing

- Basic layout of a carry-on system to monitor the health status
of a person, by using information based on the measurement of
constituents in the body fluid of the person.

S€nsor array

=
pump.
® o &
“.0' sample
vial
WWAN AN Y

Clourtesy:

H.Gardeniers, University of Twente mic ronee dle array

Wednesday, August 17, 2005 Regina Luttge M

Progressive systems towards market

In Vitro Diagnostics

000 WINNER

Careside Analyzer blood
testing system

Submitted by: Careside, inc.

Culver City, CA

Designers: John Yon Buslow, Barry Sween,
David Hoard, (Hauser, Westiake Village, CA),
Bill Reid, (UMM Electronics, Indianapolis, IN)
wvw.careside.com

QOutstanding feature: delivers almost instant test results onsite, eliminating
the traditional daylong wait for laboratory results.

With its capability to provide accurate point-of-care blood test results within
12 to 15 minutes, the Careside Analyzer decentralizes lab operations and
eliminates the traditional two to 24-hour turnaround for test information. The
system performs chemistry, electrochemistry, coagulation, and
immunochemistry tests, and can conduct hematology tests when
connected to a separate device. The compact unit has a footprint of less

Wednesday, August 17, 2005 Regina Luttge M




6.4. Bioanalysis systems

Integrated microdialysis system
fluidic board

i

perfusion

micropump o
1qui

._%z‘@_m"-._

detectors

9 ] y " calibration facility

microdialysis probe
(semi-permeable membrane)

5. Bohm et al, Sens. Actuators B 63 (2000) 201-208

Wednesday, August 17, 2005 Regina Luttge M

6.4. Bioanalysis systems

Commercial available double lumen
microdialysis probe

. cells

dialysate

conmector «—-—» probe outer tube  inner tube semi-permeable
(400 pm) (150 pm)  membrane

5. Bohm ot al., Sens. Actuators B 63 (2000) 201-208

Wednesday, August 17, 2005 Regina Luttge M



6.4. Bioanalysis systems

Exploded view of the connector / sensor
construction

The fluid flow from inlet
to outlet is marked with
numbers 1-5:

- 1-3: perfusion liquid,
- 4: dialysate en’reringi
O dislysate the flow-through cell,

_ - b dialysate leaving
© vaste outle the system. The 'SEM

sawing line’ indicates
the position and
direction where the
i 7 cross section (figure

y At assembly, next slide)

was taken.

holes to apply glue = g
sensor position

outer tube (400pm)
inner tube (1 50pum)

perfusion liquid
inlet

1/ /~ flow-through cell

5 Boke et al., Sens, Actuators B 63 (20000 201-208
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6.4. Bioanalysis systems

General fabrication scheme and
cross-section of assembly

® 0]
- b
KOII etching steps outer tube L = :
‘/I\ inner tube -
@ lower part . outles (3B upper part ]

glue holes

epoxy

O7KV 129X 77.5¢ S464

& Bohm et al., Sens. Actuators B 63 (2000) 201-208
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6.4. Bioanalysis systems

Potentiometric detection at
integrated electrodes
Measured response to 100 mM KCl for a micromachined

probe/sensor membrane length 5 mm.
0.01 1

| lag time  + measured against a
0 standard glass reference
. electrode using a high
-0.01 T “é — . L
12 imin | .~ impedance amplifier,
_ 00 / ~ | 10 Vinput impedance
E § pul/min and a dlgi‘l’al S‘I‘OPClge
b —  oscilloscope for
i data acquisition.
| 2 ulmin
005 1 — =——
f 1 pl/min
0.06 —

0 5 10 15 20 25 5. Bokwm et al., Sens. Actuators B 43 (2000) 201-208

time (s)
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6.4. Bioanalysis systems

Planar integrated dialysis and sample
Themoeyded e ———, pre-concentration

region

Sample
Side
channel
Sample \ J
wasle
Injection junction with
porous membrane structure
“— Separation column

< Detection point

O

a) Waste

Wednesday, August 17, 2005 Regina Luttge M
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S Khanduring ef al,, Anal, Chem. 72 {2000) 2095-3000.




6.4. Bioanalysis systems

Wednesday, August 17, 2005

Cell lysis

Mechanical

-+ 20 pym wide jaw
10 cells/second

+  Continuous flow

« Teeth with needles
» under development

www.sandia.com

Electrical
- Consists of multi-electrode pairs

- The cells are lysed by a pulsed

== electric field 1-10 kV/cm

e

Lee, Tai, Sensors and Actuators, 73, 74, 1999,

e _MESA*

6.4. Bioanalysis systems

Wednesday, August 17, 2005

Chemical Lysing

- Electrophoresis/electroosmosis

* Lysing agent:
sodium dodecyl sulphate (SDS)

- Lysis of erythrocytes

Li, Harrison, Analytical Chem, 69, 1564, 1007,

e MER*



6.4. Bioanalysis systems
Microsonicator

Sonication in conjuction with
microfluidics and glass beads
A fluidic module that capture
baterial spores on a filter
Applying ultrasonic energy
through a thin-film flexible
interface

Bacillus spores successfully
lysed in less than 30 sec.

Taylar, M., et al, (2001) Analyiical Chemistry, 73, 492-406,

Wednesday, August 17, 2005 Regina Luttge
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Outlook: Future developments

e Cell based diagnostic systems
and screening platforms.

e Miniaturized critical care
microfluidic Lab-on-a-Chip
devices will go to market within
the next 10 years.

e From cell population data
acquisition systems there will be
also systems to retrieve
information from singel cells in a
highly parallel fashion.

Wednesday, August 17, 2005 Regina Luttge M



6.5. Future developments

Cell information retrieval

i:: Vs “l Absorbance
£ of:

W Hemoglobin
T ESE T = 414 nm

] Protein
iz 280 nm

Flow Rate | ol misr®

0. D Cario et al. f Lab Chip, 2003, 3, 287201
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6.5. Future developments

oo i
£
: g
' ’ - High through-put, e.g.,
e simultaneous cell lysis by
eaes electroporation

+ Higher sensitivity in biomarker

A diagnostics by integrated single

a—— Drve i e cell lysis and on-line signal
amplification (PCR).

ik

. Ramadan ef al. / Sensors and Actuators B xxx (2005) xxx—xx
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Summary

¢ The last decade has been marked by a
boom in the number and variety o
microtechnologies in life science.

* By focusing on predicting patient
outcomes, targeted medicine, earlier
disease detection and more advanced
automation, diagnostics will secure
considerable market growth potential.

e “Lab-on-a-Chips” are key technology to
\nalytic feed this market potential.

¢ The aim is to strive for closed-loop
treatment systems (drug delivery and
monitoring%fwhich includes sample
retrieval, preparation and analysis on
one platform.

Wednesday, August 17, 2005 Regina Luttge M




