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Topics in this lecture

Biological samples
What's special?

$ .s
-

cfrt k'j .cL

Impact of miniaturization
in medical field
The introduction of
miniaturized sensors and

Lab-on-a-Chip devices in
clinical research and
routine check-up are

Applications
Critical care, point-of-care
and cell based systems are
introduced

Wednesday, August 17, 2005

6. Sampling for bioanalysis

"	 Introduction
"	 Strategic developments of sample

preparation methods
"	 Integrated sample treatment

- Diffusion, extraction and cell filtration

"	 Bioanalysis systems
-

Bodyfluid sampling and sensor stack
- Cell containing samples

"	 Outlook: Future developments
"	 Summary

Regina Luttge

Topics in this section

Wednesday, August 17, 2005

Introduction

" Biotechnology
" Pharmacology
" Medical diagnostics

Regina Luttge

Biosample plug forming
and sample retrieval

B. V'ouw n at. E m'ran' of Thvwn






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
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6.1. Introduction

Multiple functions in a single biochip

fl1fl9.USh2.C2.Jp
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6.1. Introduction

Defined sample volume (plug)

7 IF		 a
Sample
inlet

Overflow
channel

volume
definition
chamber		 --	 -

(60 nI)

Hydro-
phobic
break

Particles
in a
packed
column

Hydro-
phobic
break

Wednesday, August 17, 2005	1

	 2	 3	 4
1. Liquid drawn in by capillary action.

2. Overflow channel activated at a low spin speed,
removing excess liquid.

3. Volume (60 nI) defined within the chamber.

4.		Defined volume moves through packed column
by increasing spin speed.

wwwcvrr-grl

Regina Luttge

6.1. Introduction

Electrokinetic sample plug definition

Filling of the reaction chamber

I0.1HV1

	

0.1HVF

r- -
GND	 I

	

0.3HV
L	 separation

column





HV

Gated injection for separation

floating j	
separation
column





HV

SIC. Jacobson, J.M bomsey, Anal. Chem. 68 (1996) 729-723
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6.1. Introduction

Microfluidic Devices
for Electrokinetically
Driven Parallel and
Serial Mixing	
'.JaccbsoLaLAnal. '7wm.i99971,

44 c c44 cp
Wednèdiy, August 17, 2005

Advanced Sample Manipulation

F

El
H ALL,

Regina Luttge

6.1. Introduction

On-chip bead-based digestion-
separation-MS

c.
be	 capulerY tip

I	

-

	

MS'

t4 E7;15T:\ss
15mm	 -l	 15mm	 -I I
Top view Side view

Beds of immobilized uypsin on beads:
" Increased trypsin:protein ratios -+ enhanced reaction rates
" Higher trypsin concentrations possible -> it doesn't eat itselfi

Ref c Wang et a! Rapid Coimnun Mass Specrrorn 2000, 14. 1377-83

I
?dVrs1, 77-

I.,IIiD,I x -(Cl

1A41l

Methodologyfor device

mniaturization and
insulation on a silicon substrate
Y kceg eL at,
Lob on a Chip, 2001, 1, 143-147

detrepared be 1t Vtreooru', RUG. The Netherlands
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Topics in this section

Skin penetration
mechanism

Epidermis	 4 ,
100 cm




Denn










Needles today?

Strategic developments of
sample preparation methods

" Retrieving samples through skin
" Blood sample requirements

- Good efficacy
- High quality of life
- Low cost

Technological solutions

II

	

it




Human skin
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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

WAQ&M.
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6.2. Strategic developments of sample preparation methods

Various types of "fine" lancets

Alas Lima,

1H!iH
Automatic lancet

S
Automatic lancet

(Bayer)	 00

Vacuum lancet (Bayer)

Wednesday, August 17, 2005 Regina Luttge

6.2. Strategic developments of sample preparation methods

Finer Needles?

G-1

l, BD Di

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!

Ec:d GIucoe Monitors > SD UIa-Fine° 33

-Blood Glucose
What"' different about the f1sI-':
" BD Blood	 gauge BD JJItra_FineTM	 3
Glucose Monitors

" View a demo
BD Test Strips	 LylllIL.r ITi icti lll]pIt. I

	

U

BD Ultra-Final"

33 Lancets	 The BID Ultra.FineTu 33 Lancets arethethinnest Ian: ets
"
Memory Features available, which means Ihatyouil experience less pain	

when taking a blood sample.SD" Diabetes
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6.2. Strategic developments of sample preparation methods

Micromachined needles
"	 Claiming painlessness (?)
"	 Mechanically highly resistant needle
"	 Low flow resistance (+1-)
"	 Large exposure area by dense arrays (+1-)
"	 Inject 100 p1 in 2 sec using a 3x3 mm2 chip would cause a

pressure drop of 2 kPa.

r 4t V

ttti4t&
9 fihA7 h

Wednesday, August 17, 2005

6.2. Strategic developments of sample preparation methods

Silicon Microneedles as Sampler?
"	 Collaboration of

-	 Transducer,
Science and Technology Group,
BIOS (MESAI, and Nanopass
Technologies Ltd., Israel

3-b masking
for KOH etching

41.

4
1

tL

L
'U

I

.4

Gürü'm'rs 't cO.J9urral of Micro krtrornrhomr* j*gt'"oo. T'2!.12.N2. . ?55-F6. 20*
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6.2. Strategic developments of sample preparation methods

Standard lancet versus silicon array

Advantages/disadvantages

nru
Wednesday, August 17, 2005

I
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6.2. Strategic developments of sample preparation methods

Fluorescent dye testing

FluorTin in

	

Silicon needle
buffer atpH5.4	 array







PMMA plate
with through hole

	

Buffer pH 6.4

View

(inverted microscope)

Transport of "Sample"

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

Electrical penetration sensing

*	 Skin impedance measurements

during microneedle insertion

1.N71=0_1

-

a

0.9 'O3 N

0.8

0.7
0,5 N

D.6 N0,9 N

0.5
-

1,1
0.4

0.3
rationof

0.2
(stratmcorneum

0.1

PC

P.

L!s
LabVIEW

Impedance Interface

analyzer

N

o

Mam
3.I N 4,1N V

R--tance changeesis
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0	 10		20	 30	
t (min)			

P. Lcet¬rs e	 L4S2'9O4
Regina Luttge

6.2. Strategic developments of sample preparation methods

SU-8 microneedles
11 11 .

Lithography on pre-patterned
substrates








--





_		_
IW_ wtr'r ..,.












1.0kV		X35 500Mm 0001 26 21SE!







JTatwss Ltd., patettt pe'titrng
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10	 10	 10	 10	 100		10	 102			

Diameter in pm
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6.2. Strategic developments of sample preparation methods

Types of filtration

r,d	 -. )







-

10707
I I-

v

CROSSFLOW

--'






Filtrate

NORMAL FLOW
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6.2. Strategic developments of sample preparation methods

Filter types

Screen membrane filters (capillary pore), left

Depth membrane filters (tortuous filter), right

te

'

"

kY

I
I I

%rt

£Cfl;!
.rec1,	 /	 so

	

4'

E4
t-a .

Jet 4





,j?7
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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

a"in a e csee
e e e

------------
---------- -	 ------

--------------- --------

-----------------------

van c/eu Berg. Uuuivers/tv ofTwente
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. Senomic

targets can then be directly amplified.

S





nA
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6.2. Strategic developments of sample preparation methods

"	 Characterize cellular
flow properties

"	 Control cell flow
"	 Capture single cells
"	

Manipulate cells by
e.g. electrical fields

Studying cells on microchip

Wednesday, August 17, 2005	 Regina Luttge	 JjEgAi!.
Valen et al iTancecan SrTr_rroject






Topics in this section

Sample preparation!
clean up

Wednesday, August 17, 2005

Integrated sample treatment

" Reducing the complexity of a

sample
- Diffusion based systems
- Solid phase extraction

Regina Luttge

6.3. Integrated sample treatment

Sheath flow- mixing by diffusion

51) pm

Solution 13













\1aLrot1olecuIe
ill 101U(1011 A




I
Focused macromolecule
stream in solution 13






Solution 13
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6.3. Integrated sample treatment

Diffusion-based reaction

"	 Reference and sample
solution are broad into
contact with a detection
solution downstream.

"	 Reactions occur in the
interdiffusion (mixed)
zones.

T-sensoS




/





/

micronics

Wednesday, August 17, 2005

Wastet
Directior II
of Flow ,ff

DUfuson interaction
zones	 9	 Magrsfies cross section of	

DetectIon stream		 1-Soisordotocoon )r03

,	 I	 &i	 "
Referencestrearn			 8	 31		I2

Sample stream	

[9 ft6
-	 1 1

Relerence

	

Sample moist
solution inlet

Detector stream inlet

Source: P. Yoger. Univ. of Wasimingwn, USA

Regina Luttge

6.3. Integrated sample treatment

Determination of human serum albumin

wna
















m.w/ec.'aMr

1
a, -

Fe. 5 I r-;
iidic*tw

bad,grtunii4
m,acmai cnn1 I samples

ctiaiiiii cr;,,,ccEIm,i,

fisk/tOil al
-	
	iI

	2 5IISA/lOOmI
--	

____________	 e li',Alm(I'1,1
--





ii',\mlmI






U

Fig. 12.21. Example T-Sensor assay. Fluorescence ttticrographs of a detection chart-
nd section containing a control, indicator, and sample streams during a deternti-
nation of human serum albumin, and a graph displavntg the corresponding light
i iii ('tisli V profiles across the wit It It of the chit int'l
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6.3. Integrated sample treatment

Microsecond mixing/dc-mixing by
hydrodynamic focusing

litlel-

Side

Side t

Wj

Protein -4--
Denaturanti 4

11.1'

1)4

JR. Knight, at al. /Phys. Rev. Lett. 80, 2998, 3863-3866
P.R. Hertzog at at /Proc. Micro Total Analysis 5ystems Conf 2003, Squaw Valley, Oct. 5-9, 2003, pp. 891-3P4





Wednesday, August 17, 2005

	

Regina Luttge

6.3. Integrated sample treatment

Continuous-flow chemical processing
" Combining microunit operations and multiphase flow network
" Co(II) conc. detection limit: 16 nM, absolute amount detectable

0.13 zmol.

IiReaction &entracUon I Standing
Dividing

4 2-nilrono	
Staking

4 area

Sm.ts

Sample

Reaction tE,ctraction	

ro1meter		

Reaction * extraction

Sample		

Cn(ii Determination	
NaOH
NM!			 _NN





I(			
oomposifion removale

Cocheiate	 area2. Decomposition S removal I
HCI-WntnrNaOH	 Shaking		 /iici		 Detection





t St

ett		v	 Metal ions










SampleDecomposition removal	 Ming

low		_7

clteiete

	

	NW 		
Dlvldlng		NaO H

ofcoexisting metal chalet"	 Washing	
timen or more		in,abc tust,alion at COO delensinat,sn by combining ylUOs

AR Token/ti at at, Anal. Chain. 74, 2002, 1565

-5,

'r.

Sir
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6.3. Integrated sample treatment

Solid-phase packed bed extraction

Cover Plate

at

Wednesday, August 17, 2005

001,

Packed Bed

"	
Analyte-bead interaction may
be:
-	

Physical
-	 Chemical (surface

modification)

RD. Oleochuk, AR Teesere, L.L Scksiltz-Loclyear, F. Fq;upsgbe, D. J.
Harrison, Proceedings off/se Aiscro Total Analysts Systems Sympossam
2000, KlawerAoademsc, Dordrech4 2000, pp. 11-24.

Regina Luttge

6.3. Integrated sample treatment

Magnetic sample preparation
"	 Magnetic beads			

with bacte na
Sample with			 binding surface
bacteria	

-I		 Mix sample containing		
bacteria with butter		

and magnetic beads





Incubate 5. mm to

allow the bacteria
attach no the beads

S	 Extract bacteria
from the samplea		 ,W solution using a	

magnet. Remove	
-

sample solution

I Add lysis buffer	

to release DNA.	

Add ethanol

j

\hbsh the bead!	

DNA complex

Magnetic bead extraction
(o) Top view

#1
	29








14.71		

.2Syringe puml





#2

(b) Side slew			
5	 5




1.9

1.21	
I	 4	 I	

aoat				
-U			
\.

/				
Tool RNA		 D5-1 bead			

Magnets			 ,.,		 3'

"	 mRNA isolation for
the purpose of cbNA

library construction

	,RNA 5- .		1155il-si.

mONA		3'

rnllNA




Ri-ncR






15550			 3

SRNA S		S	
-.	 eashaway

PcR-ready DNA

http.'t'wwis.grnpossit.co.sn'Lk5'thsisas.,n'epr';'.gif
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26 hong. 5.6 Harnsnn, Analyst 125 200'f 2176-2279
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6.3. Integrated sample treatment

Docking system for cell analysis
(a)

	

/

Wednesday, August 17, 2005

"	 Control of cell transport and docking
using a 'Parallel dam' structure (5 gm)

"	 Generation of concentration gradient
by controlled fluid distribution and
diffusive mixing

Made of quartz with PDMS seal

"	 Successfully measured the ATP-
dependent calcium uptake in HL-6O
cells.

Yang (2002,) Ann(vocal CknnOcti 74, 3991-4001,

Regina Luttge

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 56, 1997,
13-16.

"	 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






	Topicsin this section Bioanalysis systems
Integrated microfluidic

bioanalysis

Bodvfluid samplingTPra			 S








I,:fl,e2a

Cellular analysis





Mkrofkd4c Doic.

H
;E'i;F- till i	

IF

p I, Ir	bcblth dcci

Lab Clap, 2005, 5, 01-06	
:::t;1	 M(cucdJ
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6.4. Bioanalysis systems

Microneedle integrated glucose sensor

Silicon

Micro-Needle

array

Glass

(A)

Wednesday, August 17, 2005

Access hole	 Reservoir

Channels

(B)	

Mukerpee at al., Z&A A 2004)

Regina Luttge






6.4. Bioanalysis systems

4-needle biofluid sampling

A

	

iiicon

H, 00





?>TtA" Gluss 1/4

[3

	

Silicon

C;

	

Silicon

D

A





	PyTx Glass
E

WednesdaYHPc7?5 S&A A (2004) Regina Luttge

,Eii. ?E11.
?1!nfl

Aákriee er al., 1&A A 12 004)

6.4. Bioanalysis systems

Blood and interstitial fluid sampled by
microneedie array

Whole Blood in microchannel

Wednesday, August 17, 2005	 Regina Luttge

Reservoir

I B

M0kriee at ca., Z&A A 2004)






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.

ample

Courrysrr:
N. Gardrrnrors, Univcrstty of Twenrr'

Wednesday, August 17, 2005

microneedle array
Regina Luttge

Progressive systems towards market

In Vitro Diagnostics

NDICU AL
DESIGN
EXCELLENCE
AWARDS
2000 WINNER

-
Careside Analyzer blood

testing system
Submitted by, Careeude, Inc.	 C-

Culver City, CA
Designers: John Von Buelow, Barry Sween,
David Hoard, fI-tause,, Westlake Village, CA);
Bill R&d, (11MM Electronics, Indianapolis, IN)

Outstanding 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
than one square foot and features a nranhical user interface desioned for

Wednesday, August 17, 2005	 Regina Luttge	 _JjEgAi!.
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6.4. Bioanalysis systems

Integrated microdialysis system
fluidic board

micropump

	

perfusion







*		

-
liquid

waste








detectors





calibration facility
tissue

rriicrodialysis probe
(semi-permeable membrane)

B &Bm at a!., S'ns. ActaatarsB 63 (200B9201-208
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6.4. Bioanalysis systems

Commercial available double lumen
microdialysis probe


	

:Tf	 S.	
cells

dialysate

=ion		
H------						 ;7;., -Pe				

TT__7,

0.						

	tissue\

Th2I								 F)

connector	 > probe		outer tube	 inner tube semi-permeable			
(400 pm)		(150 JLm) membrane

B Bahm at a!., Sang. Actaatara B 63 ('10019 201-208
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6.4. Bioanalysis systems

Exploded view of the connector / sensor
construction

holes to app1

outer tube (400pm)

in ner tube (I 50im)

	

-

perfusion ltqutd
inlet

TflCtflbrnnC

Wednesday, August 17, 2005

sensor position

4) tiislysate

Waste outlet

.8

6 / how-through ccl

(Figurr 6)

Regina Luttge

"	 The fluid flow from inlet
to outlet is marked with
numbers 1-5:
-	 1-3: perfusion liquid,
-	 4: dialysate entering

the flow-through cell,
-	 5: dialysate leaving

the system. The 'SEM
sawing line' indicates
the position and
direction where the
cross section (figure
assembly, next slide)
was taken.

B BoOm at a!., Boos. Actaatara B 63 (10019 201-208

6.4. Bioanalysis systems

General fabrication scheme and
cross-section of assembly

KOht euchiot tuetus









	

(S town' pure	 outlet	 (S upper purl

Slue ht,[~,
111- cell






uki

B BoOm at a!., Boos. Actaatara B 63 (2000) 201-208
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6.4. Bioanalysis systems

Potentiometric detection at

integrated electrodes

"	 Measured response to 100 mM KCI for a micromachined

probe/sensor membrane length 5 mm.

lag lint

-0.01

-0.02

-0.03

	4)11 min

-0.04

-0.0$

-ff06

0		5
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" measured against a

standard glass reference
electrode using a high

impedance amplifier,
10 V input impedance
and a digital storage

oscilloscope for
data acquisition.

tO		IS	 20	 25	 S. Bo/an at al., Sen& ActuatorsB 63 (2000) 201-208

time ()

	Regina Luttge				 JIESAt

6.4. Bioanalysis systems

Planar integrated dialysis and sample




	Thcnnocycled	 Buffer	 -	
pre-concentrationregion

L Sid -'HSample

	Side

SNwic


	

Ijunction with
porous membrane smicrure

Separation column

2. Khandunna at aL, AnaL Chem. 73(3999)1835-3819
2. Khandurina at aL, AnaL Chain. 72 (2000) 2995-3000.

4-- Ddectim point

a)

	

Waste

Wednesday, August 17, 2005	 Regina Luttge	 _JjEgAi!.






6.4. Bioanalysis systems

Flactrode

	

Electrical
ParS lenc

('CU	 Consists of multi-electrode pairs
The cells are lysed by a pulsed
electric field 1-10 kV/cm

Len, Tail 2nnsocc ani ActuLUura, 73. 74, 2999.
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6.4. Bioanalysis systems

SDS

t

1q 2

s \V

SI)S

Cells Ni~,

SI
SDS Ln
w

l2

Cells

Cell lysis
Mechanical
* 20 gm wide jaw
" 10 cells/second
" Continuous flow
" Teeth with needles
" under development
www.nantha.com

Chemical Lysing

Electrophoresis/electroosmosis

"	 Lysing agent:
sodium dodecyl sulphate (5b5)

Lysis of erythrocytes

Li, Harrisvn, Anaivncai Clinic, 69, 1564, 3997.
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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.

I!

I S
_

__

te
3
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Outlook: Future developments

" Cell based diagnostic systems
and screening platforms.

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

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

Cell information retrieval
a r	 S	 a)	a		 Absorbance

q	 of

11(44' ______

Hemoglobin
414 nm

Protein
260nm









IC)

Ec		 _
PF

D. D. Cart et aC 13a6 Chw, 233], 3. 237-29]
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6.5. Future developments

MOLLFfl 11111
V

PCB

4- I'Ic.gIa In.

Ib

*
* .__(,In.Iix,agbkxk

-i

Parallel single cell processors

"	 High through-put, e.g.,
simultaneous cell lysis by
electroporation

"	
Higher sensitivity in biomarker

diagnostics by integrated single
cell lysis and on-line signal
amplification (PCR).

C. Jamadar) fl at / Caaso,s art Actuators B xxx (2005) w-xxx
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Summary

"	 The last decade has been marked by a
boom in the number and variety of
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.

"	 "Lab-on-a-Chips" are key technology to
feed this market potential.

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