Met hod and Device for the treatnent of biologica
sanples Field of the invention The present invention

WO edoates4d o devi ces for the treatnent of biol oBCT/862005/000251
sanples. In particular, the invention relates to
cartridges and/or biochip devices conprising a
pi ezoel ectrical material for the treatnent of
bi ol ogi cal tissues arid/or cells. Background of the
invention A tissue usually contains cells inside a
bi ol ogi cal matrix, which provides nmechani cal strength
to the tissue. The tissue disruption and cell lysis
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t tissugs dndionpellsn nmet hods (WO 2004/ 046305 i ncor por at ed
by reference herein). D sruption of spores and cells
by sonification has al so been reported [P. Bel grader
et. al., Anal. Chem, 1999, 7 1:4232-4236; Bel grader
et. al., Biosensors and Bi oel ect roni cs, 2000,

10 1Baghkorowmpl ofthelimyension al ., Anal. Chem, 2001 ,
73:492-496]. However, these are appli cabl e for cell
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are requured for isolating cells, nucleic acids or proteins from the tissue.
Conventional tissue disruption and cell lysis processes are time-consuming
15 and labour-intensive. They employ motorised mechanical homogenisers that
have a blender-like component to generate shear force, which physically

breaks up the solid tissues and release the cells within. Following this, the

cells are subjected to chemical, mechanical or thermal treatment to lyse the
cells in order to extract the intercellular and/or intracellular components.

20 Other ways of tissue disruption adaptable for use with micromechanical

and/or automated processes are available which employ enzymolytic tissue

disruption methods (WO 2004/046305 incorporated by reference herein).

Disruption of spores and cells by sonification has also been reported [P.
Belgrader et. al., Anal. Chem., 1999, 71:4232-4236, Belgrader et. al,

25  Biosensors and Bioelectronics, 2000, 14:849-852; Taylor et. al., Anal. Chem.,
2001, 73:492-496]. However, these are applicable for cell lysis and are not



MEMS. Piezoelectric material has been used as an
external neans for actuation to bring about cell lysis
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71:4232-4236] . However, a high voltage is usually

required to actuate the piezoelectric material and

further, due to the material's heat conduction, an

insulant is required to prevent2an increase in

tenperature fromdegrading the cells. This nmakes it

difficult to incorporate the piezoelectric material in

a mcro device. A fully-integrated biochip for the
defeasiblerfopfdigaipting etisstieh SRirtidra th@Ss@'héétlrJ@f%wces are external
reported [R Liuet. al., Anal. Chem, 2004

764gvicas Andi grel ot wtégrated dal @t @utematest systephesuch as p-TAS or
bi only serves to increase the m xing efficiency

of urds within the biochip. It also conprises

el ectrical connections and a printed circuit board
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effl cient device for the treatnent of ogl cal
mpl es. According to a first aspect, the invention .

pr/wuﬁnermt@gr@éw duoghip fonrthe cdateetione o@.mth@gemn kaaiéra has also
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pi ez&ejl ectric device of the invention cong_ I ses:
pidiZBdfewithip the: Biochip. lhlsaicomprinesaelostingl qmmectl@ms and a

| ThrfrR8d RfrbuitioBrd Wit BEhiBCThb DrEBLAEL BF eldibchemical pumps,

and electrical connections integrated within the biochip make the biochip too
expensive for mono-use (disposable) applications.

There is therefore a need in this field for inexpensive disposable devices

useful for the treatment of biological sample, in particular biological tissues.

Summary of the invention

The present invention addresses the problems above and provides an easy to
use, inexpensive and efficient device for the treatment of biological samples.

According to a first aspect, the invention provides a device for sample tissue
disruption and/or cell lysis comprising a piezoelectric material.



wher ei n ;he second material has an uneven surface on
an opposite side to that in contact with the
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the cavitation effect. The second material is
preferably attached to the piezoelectric material. In
particular, the second material is glued or fastened
to the piezoelectric material. Jhe uneven surface nay
be made according to any standard nethod, for exanple,
it may be brought about by a | ayer of silica beads.
For exanple, the layer of silica beads is attached to-

:gﬁl ﬁ%{rﬁ&ﬁ&r Ot féz%%feﬁﬁ‘?%rfﬁé@hbﬁl v %pﬁéq&énéy §fodulated

: n ¢ont act eplezoe ectric materi al
Thalternatice vblkagls. may have a di aneter between 100 and
400 mm The second material nmay be any suitable

e s B AL B A o BAR o' BoBeRagtio materal
mhﬁﬂ'a%'leé@tya %@cﬁﬁ@%ﬂ%rléﬁﬁﬁéorﬁécmitbmﬁé pietsdléettic naterial; and
exanpl e, the netal can be chosen from a_group

cowper@jn rtbesqe@and meigrial hias an é@]evear%ggacecgnp@é} oppesite side to

th?ﬁ %}%@qﬁ‘gﬁjé%ﬁ& &ft |§|’m%t%ﬂ§?ﬁl‘eﬁ9ﬁ8\'?eﬁ 'sBfa8e lwproves

”Etﬁé‘l@éi\li’daﬁbﬁ)ef(e‘BMm) IOOI yet hyl ene, pol ypropyl ene,
pol ystyrene and poly vinyl chloride (PVC) The

p| ezoel ectric mater| th mof a
sl Ao A 4 G 98t
Sﬁrclu-'a"re tHEVE&SoriBP AR 'i§ & Iﬂﬁanér tfasRpkHate thBepiezoelectric
zoelectric materia or exrrpetvvoeectrodes

apmatenlal a‘fhaajma:l/eor sun‘anecmey be maelepaecz@rdm:ttou gny standard

mat er The de articu

o 530a%: or ReGtRiprs e biqrRlenLEaliby praverce glica, peads. For

t h%x%ﬁ}ﬁ?é‘ttherlayér i %ﬂfcfar béksts isTERacied td 486 stfuce of the second
furt conpriSe an inlet port, and outlet port, and
at mategal @nan opposite Slde to that in contact with the piezoelectric material.

The silica beads may have a diameter between 100 and 400 pm.

The second material may be any suitable material, in particular the second
material has a Young's modulus of between 50 to 220 Gpa. The second
material may be made of metal or polymer material. For example, the metal
can be chosen from a group comprising steel, stainless steel, brass, copper
and aluminium. The polymer material can be chosen from a group comprising
polycarbonate, poly(methyl methacrylate) (PMMA), polyethylene,
polypropylene, polystyrene and poly vinyl chloride (PVC).

The piezoelectric material may be in the form of a disc, rod or bar or has a

planar shape with at least 3 sides.

The device may comprise means to actuate the piezoelectric material, for
example two electrodes applied, attached or connected to the piezoelectric

material.

The device is, in particular disposable.



chanber. The cartridge may be used as it is or may be
i ncorporated or integrated into a biochip, such as in
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| ab- on-a-chip system |In particular, the cartridge of
the invention is a disposable cartridge. According to
anot her aspect, the device is a biochip device and
further conprises: - a dissociédtion chamber; - reagent
and buffer reservoir(s); - one or nore valves; - one
or nore punps; and- channels connecting the chanber,
reservoir(s) and val ve(s). The biochip device can be

usRBcéidindte apotidreagPeepahat dévice Bhehdamartionls a cartridge. The
further conprise a m cropunp, .a binding and m xi ng

c heartiidgeamayofurther eemniisei aihntet pat, eHHpbrert, ang at least one
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copmtagrated info blsioehipz oedreas in a mietetotal andliptica eystedn (u-TAS) or

material may conprise an uneven surface on an opposite |
si delabeon-peghip nsystemadn pakticulane the esastridga Qf cthe invention is a

{rg@%bggéblg;l%ﬁégagven surface may be brought about by a

eads. The device may further conprise
val ves, which may be m croval ves. The m croval ves may
beApcdrirdj et aydthiel caspree), tHeDWBYiceeisbrabioahip raendesend further
The m cropunp nmay conprise a nmenbrane. The nenbrane
m?o'ﬁér'ﬁegol y(di met hyl si | oxane) ( PDVB)
menbr ane. Accordi ng to anot her aspect, the device may
furtheg Qqé)%%idtm éHarhérection hole. The device may

nodi

al so be I ed such that automatic punping can be
carried out. _
- reagent and buffer reservoir(s);

- one or more valves;

- one or more pumps; and- channels connecting the chamber, reservoir(s)

and valve(s).
The biochip device can be used for bio-sample preparation.

The device may further comprise a micropump, a binding and mixing chamber
and/or an extraction/elute/PCR chamber. The binding and mixing chamber
may also comprise a piezoelectric material and a second material in contact
with the piezoelectric material. The second material may comprise an uneven
surface on an opposite side to that in contact with the piezoelectric material.
The uneven surface may be brought about by a layer of silica beads.The
device may further comprise valves, which may be microvalves. The
microvalves may be poly(dimethylsiloxane) (PDMS) membrane microvalves.
The micropump may comprise a membrane. The m.embrane may be a
poly(dimethylsiloxane) (PDMS) membrane.



According to one aspect, the biochip device enpl oys
external pneumatic actuator(s) to actuate punps and
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10

15

20

extraction/ el ute/ PCR chanber may be deposited with

magnetic material, for exanple with permalloy, nore in
particular, with permall oy pins. The bindi ng and

m xi ng chamber may conprise befds coated with at |east

one |inker for binding to nucleic acid nol ecul es. The

beads may be nmagnetic beads. The device may be nmade of
polyneric material, for exanple polycarbonate. The
d%é&?diﬁgytoabﬁéﬂ'%@fﬁh’pe%ﬁ iecgevisermay RlrtRERToamtise an injection
m croarrays integrated into the chip. Accordi n% to
arfulécThasieyiae, mayealsp ennodified such thatAHieriicaumping can be
| east, éhrge | ayers, one or nore nmenbranes for the

vfiAE&Y R one” or nore menbranes for the punps. The

first layer conprises at |east the dissociation )
chredtrting &ngerr aspdct)Utheebiochipe device( einplayse extaroald pneumatic
| ayer conprises at |east the piezoelectric material .
T APAOTE) 10 BREIEE PUEDSANN VaILeTEh 46 MTBHTAISL I the chip.
interface between the second and third | ayers, and the

C“ﬂ#@gkﬁaﬁﬁ t/%m%@/@cﬂi chambertnesy Beatepdsitbliavith iidgratid material,

second, a e second and third layers. The biochip
nefipr Exatnipte withmermedoy, wevein partipular.oviéh peraaley Bins.
| ayer. According to another aspect, the invention

provi des..a mnet of  di ' ] r H Wi

O£ Lo T R, S ), baTaHEe VR chateh i ot ot
Sagid BnkEYFoF BREHAG 30 nueRitiatidnmokecpless ddlecbeads may be magnetic
material, wherein the piezoelectric material is in

cobeads. with a second material, and wherein the second
mat eri al has an uneven surface on an opposite side to

L 2@(}% h@vﬁ:%%@itbe%%ae of ﬁo@n%%h@férfél,%%kﬁﬁip@é polybgrbonate.

surface contacti hgthe sanpl e;

The device may also comprise biosensors, RT-PCRs and microarrays

integrated into the chip.

According to another aspect, the biochip device is composed of at least three
layers, one or more membranes for the valves and one or more membranes
for the pumps. The first layer comprises at least the dissociation chamber,
reagent and buffer reservoir(s), the second layer comprises at least the
piezoelectric material, and wherein the valves and the pumps are found at an
interface between the second and third layers, and the channels are found at
the interfaces of the first and second, and the second and third layers.

The biochip may further comprise a cover to put over the first layer.

According to another aspect, the invention provides a method of disrupting

tissue and/or lysing cells in a device comprising the steps:

- loading a sample and reagents;



- obtaining disrupted tissue and/or |ysed cells; and -
recovering the eluate. The uneven surface nmay be
whe@aghti4@bout according to any standard mnet hoRPCT/E62005/000251
exanple, it may be brought about by a layer of silica
beads. The silica beads may have a di aneter between
100 and 400 mm According to the nethod of the
i nvention, the piezoelectric maberial is actuated by
an external voltage source. The external voltage
source may supply sinusoidal wave voltage. The
si nusoi dal wave voltage may be any suitable wave
vol t agectuatingex piaXoelectric MateridViRhardd® e bRzBBRIctric material is in
voltage from- 140V to +140V. However, the _
peak- £00igEhNItA tsegend Inalerial,iand whereintthe secopdanatesial has an
val ue i i dal a h l at i.n .
{requanalsiTrRUTEEE, OF; g EpaEnG CFRe 35 BAoa BhhEe: with the
exanppiezbelsviric AidteridlptheQiniéen surfaetdontheting theesample;
external voltage source supplies a frequency nodul at ed
vol t age %f.act ate the piezoelectric paterjal. The
bi ol ogPRENIAY ré'pfﬁi{;t' eAnq/QLlysed ceis A%l , human,
pl ant, bacterial or virus and/or cell sanple. The
sanpl ergiivelfaftheeluAe. frozen tissue and/ or cel
sanpl e. Accorging to anot her aspect of the present
embodi nent, the sanple is culture cell, whole blood
cellhe usevamsuifiecadnay heibraught ahaik aeconding to apy standard method,
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di sruption and/or cell lysis.According to another

the nethod of the invention further conprises
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B4Rl P B BHBHRE g {dfod, THEPL A TR Courco may
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and/.or .l ysed cells .
sun?able zvave voltage, Po¥' example, it may have a peak-to-peak voltage from —

140V to +140V. However, the peak-to-peak voltage is not limited to these

5

15  specific values. The sinusoidal wave voltage has a modulating frequehcy. The
sinusoidal wave voltage may be for example from 1.0kHz to 20kHz. In--
particular, the external voltage source supplies a frequency modulated voltage

to actuate the piezoelectric material.

The biological sample may be a tissue from animal, human, plant, bacterial or

20  virus and/or cell sample. The sample may be fresh or frozen tissue and/or cell
sample. According to another aspect of the present embodiment, the sample
is culture cell, whole blood cell, serum, urine, saliva or tissue from biopsies.

According to the method of the invention, the actuation of the piezoelectric
material generates impact and cavitation to bring about the tissue disruption
25 and/or cell lysis.



addi ng beads coated with at |east one |inker, and
wherein the binding of the linker on the beads to the

woe@bmia4@ci ds is carried out by actuati ng a sSPCDRG2005/000251

pi ezoel ectric material to increase the mxing and

bi ndi ng efficiency, and recovering nucleic acids
linked to the beads. According to another aspect, the
i nvention also provides a piezogelectric device
conprising a piezoelectric material, which is in
contact with at |east a second material; and wherein
the second material has an uneven surface on an
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chassi s od d for t e cartridge and biochi .
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ang
p:ezoelectrlc device may be used in the cartridge and/or biochip device of the

invention.

Brief description of the figures

Figure 1A is an exposed view of the cartridge device.
Figure 1B is a cross sectional view of the cartridge device.
Figure 2(A) is a photograph of the prototype of the cartridge device.

Figure 2(B) shows a driver circuit chassis (body) used for the cartridge and
biochip devices of the inventions.

Figure 3 is a circuit topology showing the working principle of the scanning

frequency high voltage power supply.



Fi gure 7 shows agarose gel el ectrophoresis result of
the RNA. Fromleft to right: M marker, 1: fresh
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di srupted by the miniature chanber; 4 and 5: frozen
ti ssue disrupted by the m niature chanber. 18S and 28S
show the position of the 18S and 28S ri bosonmal RNAs
respectively. Figure 8(A) shows agarose gel results
for the RT-PCR product of the TP53 gene extracted from
fresh tissue and frozen tissue. The longest nmRNA in
our test is 1176 bps. Fig 8(B) shows the sane result
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devi ce. Figure 11A shows the structure of a bioch ip
de@ﬂ@@lJm)rrprl sing three layers. The figure shows a
| ongi tudi nal (cross) secti onal vi ew for the reservoir,
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connectl on. Fi gure 12A shows a detailed view of the
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Figure 8(A) shows agarose gel results for the RT-PCR product of the TP53
gene extracted from fresh tissue and frozen tissue. The longest mRNA in our
test is 1176 bps. Fig 8(B) shows the same result for the shortest cDNA with
360 bps, B-microglobulin.’ |

Figure 9 shows an embodiment of the biochip device.
Figure 10 shows a schematic structure of the biochip device.

Figure 11A shows the structure of a biochip device comprising three layers.
The figure shows a longitudinal (cross) sectional view for the reservoir, pump,
valve, channel and chamber connection.

Figure 11B shows the structure of a biochip device comprising three layers.
The figure shows a different longitudinal (cross) sectional view for the
dissociation chamber, pump, valve, channel and chamber connection.



open. Detail ed description of the invention The
present invention provides devices, for exanple, a
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treatment of biological sanples, like culture cell,
whol e bl ood cell, serum wurine, saliva, tissue and

ti ssue from bi opsies, which can be used as the raw
sanmple for preparing the bio-md ecul ar sanple, such as
purified DNA and RNA, for gene-rel ated assays. The
devices of the invention are particularly useful for
the treatnent of tissue sanples with a w de range of
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of whbeein tivedissociatior chapiber bakewt samplédnside. f or t he

di sruption of the tissue sanple by adapting a
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devices of the invention all ow sinultaneous tissue

di sruption and cell lysis. However, the devices of the
i nigRTeso 3c 6, B oshsev iex@erimestal easultseot thenflewnrate vs. driving

uriSasdngy ol 1 G fote o5, Bresblity GrpoteT i (B cgperating
of fredreencyveix)i B) punep fieagosabl e. Accordingly, the

devi ces of the invention are inexpensive and

particul arly suitable for nono-use (di sposabl e .
DT OO ANt FURTISL T BS ST s e Figrovalve when t i
iqﬁﬁg{ion provi des a device for sanple tissue )

di sruption and/or cell lysis conprising a

pi ezoel ectric device. The piezoelectric device of the
i nvention conprises: a piezoelectric material; and at

| east .a,secaond.material in.contact with the
pi@%@ﬁ@ﬁﬁﬁ@qﬁ%ﬁ—gﬂh@'—m@ﬂ%erei n the second

material has an uneven surface on an opposite side to

t ehe Whvegbni Snvehtiodnpesitided tdevides, doezeelngsiel i cartridge and/or

materjal. The uneven surface i . .
biochip device, for the efficient treatment of biological samples, like culture

cell, whole blood cell, serum, urine, saliva, tissue and tissue from biopsies,
which can be used as the raw sample for preparing the bio-molecular sample,
such as purified DNA and RNA, for gene-related assays.

The devices of the invention are particularly useful for the treatment of tissue
samples with a wide range of size, which need to be disrupted before the
extraction of the genes of interest. In particular, the devices of the invention
use a piezoelectric device for the disruption of the tissue sample by adapting
a technique based on the principle of cavitation [Liu R. H., et al., Anal. Chem.,
2003, 75: 1911-1917; and Liu R.H., et al., Lab Chip, 2002, 2(3), 151-157]. The
devices of the invention allow simultaneous tissue disruption and cell lysis.
However, the devices of the invention can also be used just for the treatment
(lysis) of culture cell, whole blood cell, serum, urine, saliva.



I mproves the cavitation effect. According to another
aspect, the device of the invention is a cartridge
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pi ezoel ectric device for sanple tissue disruption
and/or cell lysis. The cartridge may further conprise
an inlet port, and outlet port, and at |east one
chanmber. The cartridge furtherqgonprises a chanber
where the tissue disruption and/or cell lysis is
carried out. The cartridge nay be used as it is or may
be incorporated or integrated into a biochip, such as
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Acstiitablenfigr ynonargse édispesaile) applioatiensi on utilises a
pi ezoel ectric material (PZT) as an actuator to

ge . t 0 ast.r | cavi i ;

O ASERUBaBLA Bl Aeh TR hPr e L b et tosue
Ergiodiptien tahdddr delidysiacomptisinga pierodieatribidevidevi ces of

the invention will be better understood by reference

to.the, figures ich rovi ded by way of ) .

| T plezoR o HaViZhet B ML aoMe aEs|  Risfqplegic material;
t [ ' I iy ol
eI AP RERE o S Aol ih 8hiactiith iR BlaReRc ifterial: and
PZ¥hefein the sscond anateriakhaslansunevan stifecewmrhad eppodite side to

o Reh S b B A s D Agi kS50 i Lpen surtece
Viigisreved the EVitlibA@ffeef. the invention. A |ongitudinal
(cross)-sectional view of the cartridge 'is shown in

Figure 1B. Figure 2 is a photograph of a prototype of
t hcassdingi tegenetheriagpect, the deyiceaof tha kweatiaarisispadridge (also

?ﬁ%%feldgg%&%ﬁ%riﬁﬁyf\éghprﬁn% i bféz@%?ec?ﬁc WaGice for sample
tissue disruption and/or cell lysis. The cartridge may further comprise an inlet
port, and outlet port, and at least one chamber. The cartridge further
comprises a chamber where the tissue disruption and/or cell lysis is carried
“out. The cartridge may be used as it is or may be incorporated or integrated
into a biochip, such as in a micro total analytical system (u-TAS) or a lab-on-
a-chip system. in particular, the cartridge of the invention is a disposable

cartridge.
According to another aspect, the device is a biochip device.

Accordingly, the device of the invention utilises a piezoelectric material (PZT)
as an actuator to generate both strong impact and cavitation for fresh frozen

tissue disruption and/or cell lysis.

Embodiments of the cartridge and/or biochip devices of the invention will be
better understood by reference to the figures which are provided by way of
illustration, and are not intended to be limiting of the present invention.
Further, with reference to the method of treating a biological sample by



limted to these dinensions. A skilled person in the
art would be able to choose the dinensions according

wo o0obloetigpeci fi c use of the cartridge. As shownCT/8G2005/000251
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Figures 1, 2, and 9, the cartridge and/ or biochip
device of the invention is transparent, so that the
di sruption process can be easily observed and
verified. The cartridge conpriqges an inlet port for
the input of biological sanple and reagents. Figure 1
shows an inlet fabricated on the sidewall of the
chanber of the cartridge. However, it will be

under st o skilled perso t r :
ofcRiabnadae P divipn B 2Bbrhe o Y SRR BR 4R be appied
PEPBb TR driticeRMAN theBiabhipfduviseest thadnidrtidn| et port

after the required biol ogi cal sanple and/or reagents

have been introduced. Figure 1 shows a set-screw

( ri.c?&%nut) of 4 mmused to seal the inlet port. The

Si 5 he set-screw will be chosen according to the

size and dianeter of the inlet port. The cartridge

al so conprises an outlet port for the wthdrawal of

t hlﬁ_?ménm i3 éﬁlé%go@@d afiéRloftthe carFigge dfithe nerionardiopgitudinal
ce

lysis has been carried out., In the particular

elk%mps)esmﬁgml viewiqfuthe castridgerissehmvwitierFiguendBeFigure 2 is a
ggﬁﬁg{gtr%'ﬁlﬁ glf %ﬁ}#ﬁgp%%ﬁﬁ%tcégﬂgg%fﬁ%gtht vl?%sné{?;%%%r dimension

Wof PBnavisy 25/ by Bmm. | Howevere the teartidbed of Yhe rigeertion is not
that the solution obtained after the disrupti.o

gﬂmﬁﬂeéttéhﬂé%ﬁ? simepioagt & skilpderrreoniin e art Wold be able to
CBRGE e K SR st cafrage

d an to the cartri

accordi ng .t o-.an t ho i a : :
SRR R AME! 2° Al el rbeglbhgr tiocip device of the
C fiVieptibn 6 trandparsiansb tradt éieé alsrupduer piocebd ean deoeakily observed
material has an uneven surface on an opposite side to

t lead verifiednt act with the piezoelectric material. In
particul ar, the piezoelectric material is attached to

t A eSESAhdRbRdrRes i #iEDBoATor 4 iRteof biological sample and
reagents. Figure 1 shows an inlet fabricated on the sidewall of the chamber of
the cartridge. However, it will be understood by a skilled person that any
known manner of fabricating an inlet may be used. The cartridge is provided
with seabling‘ means for sealing the inlet port after the required biological
sample and/or reagents have been introduced. Figure 1 shows a set-screw
(sealing nut) of 4 mm used to seal the inlet port. The size of the set-screw will
be chosen according to the size and diameter of the inlet port. The cartridge
also comprises an outlet port for the withdrawal of the sample solution after
the tissue disruption and/or cell lysis has been carried out. In the particular
example shown in Figure 1A, a 1.5mm outer diameter glass tube is glued to
the chamber to act as the outlet tube for the disrupted sample solution to be
withdrawn. This tube will connect to a 1ml syringe so that the solution
obtained after the disruption is completed can be collected. However, it will be



means known in the art. The PZT is, for exanple, glued
or fastened to the second material. The second

woraioe/i€alo can be any suitable material, for exBopbe2005000251
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netal, polynmer material, glass, or the like. The
second material can be any netal, for exanple,

sel ected fromthe group consisting of steel, stainless
steel, brass, copper and alumt@um The second

mat eri al can be any suitable polyner, for exanple,

sel ected froma group consisting of polycarbonate,

poI y( et hy| nmet hacryl ate) (PMMA), pol yethyl ene,

r&ﬁ’%’ oeﬁﬁ é?(ﬂ'eﬂsé%!lrst%ﬁgtthﬁf‘%é’@uﬂey gBYtl &h'b%r tdificated and/or

nporta the second materi
rreamilledrte ﬂae caritidge accoidiiig to amy methed hn«z\enmmthn ddr to
endure the bending of the piezoelectric material when

t MEngpicerpiagecedmprises er Ipwzoeﬁeom?d wadtedal im coatddtcwitiara second
the second material has a Youn nodul us [ nupber

r dpatasiehtwhgrein ihgsarnd matedy M YERVBR SWiqee Qban opposite
S HiFE etkc))cﬂﬁgt' fFftc%rn)taéthﬁnthaEHé) %chélé&ﬁ hiatéridi2jA F)Qﬁicular, the
WiTe, pe, of a glven

ar or for a structure
negiezoeiedtriofmatetiabisnatfdthed 2he @Baond’ hmxteﬁar By using any suitable

according to a rt|c pec havi.n

o heant KonBath e st 1be/RER Sotor SEsPlergisil, ob BiiSted to the
asséo%@ SRS rraterl al for the cartridge. Wen the

second nateri aI is a netal, the PZT and second

'mtllﬁéu 5 coﬂaymg?erﬂ}“cea% tb%gswﬁsrawtgﬁﬁllé;ﬁﬁén’t%}r)g al@'{)e%{edﬁﬁl@! a metal,

r've glue he secon

f gsdlgned niatetidiegl2gs, ontmarm@l. Thyg secohdbhatenebosn becny metal, for
in the art. The geco mat eri al I‘IS S .an, yneven

farollTe cggmlﬁtcl’@ %qzl aregglpss steel, brass,
ad’ﬁ;ﬂ or aﬁg%ﬁmnman{ q-é% §ddotd masdHl ‘E;%h KPR \A?%‘EllﬂaRFehﬁolymer for

ce 0 e secon material i n contact
sardmples setedted fsamaa gougr e:anelsmng:rmfvpnlysarbcataée poly(methyl

O elAchlalsS AT, 3BF-85 e, A ABEYER s ARtk and poly
begdy &RYrids ENGE WS§dmportant that the second material maintains a
certain rigidity or resistance in order to endure the bending of the piezoelectric
material when the piezoelectric material is actuated. In particular, the second
material has a Young's modulus [number representing (in pounds per square
inch or dynes per square centimeter) the ratio of stress to strain for wire, bar
or for a structure of any shape, of a given material] of between 50 to- 220 GPa.
Therefore, according to a particular aspect, any material having a Young's
modulus of between 50 to 220 GPa may be used as the second material for
the cartridge. When the second material is a metal, the PZT and second
material may be glued together by means of electrical conductive glue. The
second material may also be fastened to the PZT material by suitable means

known in the art.

The second material comprises an uneven surface, which is in contact with
the biological sample. According to a first technical approach, the surface of
the second material in contact with the sample is worked so as to create an



in water jet machining (an industrial process using
hi gh pressure water jet froma nozzle to cut

wordoei4als) . They may have very sharp edges. TPET/SGR008/000251
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beads may have any size, for exanple, with a dianeter
bet ween 100 and 400 mm However, it will be evident to
a skilled person how to nmake and bring about an uneven
surface according to any nethodd3known in the art. In
Figure 1A, a brass or cotton disc with a thickness of
0.2 M and a dianeter of 15nmmis first covered with a
thin layer of glue. Silica beads are then placed on

t [ I [ ‘
oIV sEES, Aoshetfod Rl ieif dpeiecti the AndiBR surface is
PHiroUERY &gyt bys atlaper of siich baads.t Tiee ellibarbesddemay behthose used
brass disk to ag¢t, as, an, cty[aaﬁlor. However , ig?ﬁbWi Il be )
equ\@ﬁtterﬂ@t m lmlpgd(q@e}rgigﬁ.r ARTOPERS PSING high,pressure water jet
ligahefnb21ehe GltanRstdtials). ?hﬁg’mﬂ‘ha%r{/aﬂ? sﬂaﬁfg%gg%s.t The silica

bar, or any other structure having a planar s
atbdazissmag heivesany size, fox @xpple,haith agliametembetweieaptd0 and 400

CatiTy HayiP\bsn tobia Gviori o 4 s BShaRchod o Miske and bring
S s S S G R R

e cartridge by I nuneric contro

(CNC) machining. The cartridge also conprises a .
cHarfigurewhdr @ brass olf cotign disa with a thicknessuef GRdnarand a diameter

it sy Se R A R o S5 B8 HeaRs e pisces
ansh HEMHE Riyer JrQNRY 8hd duféd H aﬁr&ﬁeﬁrfo%nbhﬁxﬁféwiaﬁdfc.e/\ 10mm

may be adapt'ed according to speC|Tfi C requirenents. Th
t adiameter! RAE disc t (RXESfrom BGELIRENN is theti gluedsortodhd ather side

S out 165m . The piezoelectric matetial s _ . .
o1 BB s Ak B Arr’ FOTAGe LU AR HSiPYgeyt to a skilled
t NeerB8 tha el RZTRS Rt tiffited teRRBSsHpeA6t ddlisd)butica@h be a rod, a
exanpl e, two el ectrodes connected to the external

vdlarage anyuether sinmiuiehbayagghelanar shape with at least 3 sides, for
example, having a planar shape of a triangle, square, rectangular, and so on.

The cartridge can be made of any suitable\ material, for example,
polycarbonate. Polycarbonate may be used to fabricate the cariridge 'by
computer numeric control (CNC) machining. The cartridge also comprises a
chamber where the disruption of the tissue and/or lysis of the cells are carried
out. The chamber shown in Figures 1 and 2 has a dimension of 14.5mm
diameter and 1mm depth. However, the dimension of the chamber may be
adapted according to specific requirements. The total volume of the cartridge

shown in Figures 1 and 2 is about 165ul.

The piezoelectric material is actuated by an external voltage source.
Accordingly, the PZT material provides a means of actuation, for example,
two electrodes connected to the external voltage source. When the second
material is a metal, one electrode will be connected to the PZT material and
the second electrode connected to the second material. However, when the

second material is a non-conductive material, like a polymer material, then the



material is a netal, one electrode will be connected
to the PZT material and the second el ectrode connect ed

w0 ooobloetisgecond nateri al. However, when the secP@ISG2005/000251
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~bi ol ogi ca

material is a non-conductive material, |ike a polyner
material, then thetwo el ectrodes will be connected to
the PZT material. The neans for connections of

el ectrodes applied on the PZT ¥4 |1 preferably not be
integrated into the cartridge. Once the PZT materi al

is actuated by the external source, the PZT materi al

and the second material generate bubbles in the

g'stw a%?efcil{qd%%%ﬁ d SL%HJ{N%%%C{T%S gfg‘qﬂfﬁeﬂ%@eﬁaﬁ K means for

has an unheven

S Wohaeetiony of eleatrodesd abplied onfthe iRPZT wilbpasderabhhotbe integrated
i nproves the generation of bubbles, as well as the

I y@’iosthéfcaﬂﬁlégﬁr ssue. The bubbl es act on the bi ol ogi cal
sanpl e, causing the disruption of the tissue and/or

tMSndy He h%?eﬁ&' is Sacteirea sl P%r léxte‘l’ﬁél”sdljgs?,u’%auf’ZT material

Is a tlssue, exa
t renddther smcbmh mﬁtenalegemaat&e bahbﬂelsyml thedmololgi;;at slample solution.

ar.@".cahrﬁi out .si mul t ane H Tﬁ: di_srupt i qnaﬂ%}l
| y<his PReyomenoy,is |k88‘”8uﬂ3 9@\@ igns] ﬁ% sgggrgﬂ [eterial as an uneven
d@ﬁ%b”ﬁr&éréﬂw d hé?@r of shﬂc@sﬁéﬁdse wh‘?éh "Vﬁbfdv@%el%e generation of

above, R.

7@@@2&& ‘Esawel a8 fhe b@'@'sofatheumssya Fﬁr@gblabtéas icb i the biological

o, oruBinboe oidhubforf RAABET U R, BMBIGIEUR elg gfne ool

vvmdwmmyrwmmemeq:l@l@gtdat Saimphelis. a t!ysumfiﬁﬁexémbh@ tumour, the
m crostreani ng technique. On the contrary,  the

neigrplien &f thﬁéls@’aﬁtaﬂdjb@'saﬁﬁthﬁ selis greicamiad eut ﬁﬁ@ultaneously
prﬁ%ﬂ&ru@%&f%hgq}{éé rH??‘[‘Jef@ér igd Mn‘@ ﬁf)esre%Bhd§ -depending

purpose. € presen |nven Ion, t pur pose

t lon thiestypeiof biosaimplessue and | ysis of ceI l's. In order
to actuate the PZT nmaterial to generate cavitation,

| s siiated BhGHer Ly EFE Bt il Sindl 'cifemS ' 5604, 78 N8ba1831,
discloses a fully integrated biochip comprising a PZT disc to enhance the
mixing and binding of target bacterial cells inoculated in blood with
immunomagnetic capture beads, by means of the microstreaming techniq4ue.
On the contrary, the PZT material of the cariridge and biochip device of the
present invention is used for a totally different purpose. In the present
invention, the purpose is for the disruption of tissue and lysis of cells.

In order to actuate the PZT material to generate cavitation, the present
inventors have built a driver circuit that is capable of generating a sinusoidal
voltage that has a continuously changing frequency. The specifications of this
driver circuit are defined as follows: ‘

- adjustable peak to peak AC voltage, Vo;

- adjustable fundamental, mean frequency, fy;

- adjustable oscillating frequency component, Af,.



vol tage that has a continuously changing frequency.
The specifications of this driver circuit are defined

wa@sgooboldiams: - adj ustabl e peak to peak AC vol t BgESGX05/000251
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- adj ustabl e fundanental , nmean frequency, fm -

adj ustabl e oscillating frequency conponent, AfO. The
oscillating frequency conponent is designed to be
conti nuously varying at 3.3Hz.15Thi s neans the

i nstant aneous driving frequency is given by: / =/ " +
o sin(w 0 , mhere w, = 2p(33Hz) The fundanent al
frequency, is usually selected to be the natura

S ST T I v

ex3:BHzNThismemne theeinstdntameoust drivirg frequeney fsaglgen bly:

si nusoi dal input (having different frequenm est At
resonance, the ieZedlMeme,dmt eri Whew br.at 25 (33HE)
vigorously. The circuit topology is depicted in Figure
3. The out put waveform at various stages and its

Syl"ﬂ@fun@éﬁwéHtélofr v, FI %Jﬁﬁfallg(s‘é)lecﬁeg 8 1R thdl SRUAM fr:’équency'

pr ot ot ype of latureé’ cartri ge and rlver circult

Ch:ﬁsmesmez@éleemd wedteriall Mhis pamfeecmcbeed‘eﬁdemratbﬁﬁthrough
driving the cavitati on cartri%grc the oscillating
1

f r%@@éﬁ'l%ﬂt%@b‘p@%ﬂﬂ he pigzee matodalowithrige rmaea |o£|smusmdal
f ' k f
B o Pl o 4 8RR 1E BB matera

Thﬁﬁ)mteaszmbtemgorwstgateri al is thus driven at frequency
bet ween 5. 6kHz and 6. 6kHz. As nentioned above, the
pi ezoel ectric materi al generates heat when it is

a ' q irtEigurd ANahe 2&PShm 5t

S bR BpRabeIa8bicRld rtioprd 1 SRR ¥y Bt various

distagemand fte syaitol acd atsowhown.or der to prevent the

i ncrease in terrperature from degradi ng the cells.

F%é@r%% 2(%8%:15(56' &is splay a prototype of a miniature cartridge and driver
circuit chassis, respectively. In a preferred embodiment, when driving the
cavitation cartridge, the oscillating frequency component is first set to zero.
The natural frequency is adjusted to 6.1kHz and verified via an oscilloscope in
FFT mode. Af, is then set to 600Hz. The piezoelectric material is thus driven

at frequency between 5.6kHz and 6.6kHz.

As mentioned above, the piezoelectric material generates heat when it is
actuated. P. Belgrader et. al., (Anal. Chem., 1999, 71:4232-4236) uses an
insulant (coupler) between a PZT disc and the cell solution in order to prevent
the increase in temperature from degrading the cells. Further, the PZT disc is
external to the device. The insulant was necessary to prevent the heat from
being easily conducted to the solution chamber. In fact, high temperature
affects the quality of biomolecules, such as RNA, DNA and/or proteins. [t is
especially harmful to the RNA quality.

In the cartridge and/or biochip device of the invention, a lower voltage than
that used by Belgrader et al. is applied so that an insulant (coupler) is not



external to the device. The insulant was necessary to
prevent the heat from being easily conducted to the

wa@eloai4ano chanber. I n fact, high tenperature aP€BSGH05/000251

the quality of bionolecules, such as RNA, DNA and/ or
proteins. It is especially harnful to the RNA quality.
In the cartridge and/ or biochip device of the
invention, a | ower voltage thangethat used by Bel grader
et al. is applied so that an insulant (coupler) is

not necessary and further, so that the PZT material can
be inserted or |ntegrated into the cartridge and/ or

bi ' 1 0. .

D PECSERAS ARl OB FOT el A8 it g megrted
PZiftorether cattridge pamad/er dhbghrpcde‘abedoib)th@nm/emgtlm .aln fact, in the
! - oyl S0E/oH biGR deviea ot Hag dnantion, e Bexmpterialis preferably
!OVQQ%%H ‘E;)‘/eabﬁlyﬂ‘g"a‘ RfardbRy xﬁfgpgfétém %ng gls?rgq g a variable

rovenent in the cavitatio I Cl

5 i nfraqpenrdycto e:tﬂvasﬂm:Pde nateriaklydewt heat, ls beodmtdmoduefto shorter
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the, inventi.on conprises actuatin th PZT by a ng

" ishRIBR Fhe o ABRC R 4 BRROUHmT, o thps Bt Cefficiency.
t eAB@dSrdtr}gl;ﬁ iR IaS;@relférré@ BsEEtiaTit ﬁw@h%ﬁrth*é' PetHdy of the invention
devi ce the invention, measured by Inserting a

t yPRMpFisesraeibaiing the P Tcby applyingya xadabitfequerayer .

-Wthout any additional cooling, the chanber

tenperature rose fromroomtenperature of 25C to a

rmRngumTS(ﬁhcﬁ'é‘s fHe didrugtion @ngieraturemisefintthg dalrﬁiﬂg@ and/or biochip
ysis of cells can be carried out in

fg%\ﬂ%% qf theniaveation.i a@@sarﬁﬂ by ippedingpadedyrs: thermonsuple and
LQ%%ELRB%M%@A?'?@%%%{ gt fy TP X Rffo, the chamber

t i teymsatund/rose enh room tempfe\ﬂami'@bf 26eD 3o Rbhakfinum of 66 °C. As
carried out in the cartridge of the invention for th

puher digention, of the desem rbysiscel eallvicanhie onarigd Ut in 5-40
OfSédHn%ei Lthe Bﬁrtﬁ&@él Hn%l/&BB oBﬁlgﬂHg{/igﬁgot?ﬁgdﬁvlggﬁon, the rise of

roteilns acteri rus,
I\/a'ehqxérakme\immamahmdabémmﬁ 2;8345°C.

After the step of disruption of tissues and/or cell lysis, further steps may'l be
carried out in the cartridge of the invention for the purification, isolation and
detection of the analyte of interest. The analyte may be nucleic acids, proteins
bacteria, virus, antigens, and the like. Methods known in the art may be
applied for the purification, isolation and detection of the analyte. For
example, in- case of purification and isolation of nucleic acids,
immunomagnetic capture beads, or beads coated with at least one linker
comprising polyT-oligos or a linker complementary for a particular sequence
of a specific nucleic acid may be used. The nucleic acid can then be
recovered by using a magnet to trap the beads, washing out, and finally
recovering the nucleic acids bound to the beads. For binding of the nucleic
acids to the beads-linkér or to the immunomagnetic capture beads, the PZT
material can be actuated and used for improving the mixing and binding as



applied for the purification, isolation and detection
of the analyte. For exanple, in case of purification

wapaeiosah@t i on of nucl ei ¢ aci ds, inmunomagnet i BCT/8E2005/800251

beads, or beads coated with at |east one |inker
conprising polyT-oligos or a linker conplenmentary for
a particular sequence of a specific nucleic acid may
be used. The nucleic acid can tfyen be recovered by
using a magnet to trap the beads, washing out, and
finally recovering the nucleic acids bound to the
beads. For binding of the nucleic acids to the

be r i 0 etic.capture head
DoMSEHBANTh, e, bRt EURORTHIE TRRRS) o 0 ipatSR e Rr-poR,
| MPGR] bib.} lvannbsi exgried colkti digedly Re des Ghiahfsbri 6F tRE cartridge by
art. Further, the nucleic acid anplification (like

RT2p@RY thepequired yeagentse carried out directly in the

chanmber of the cartridge by adding the required

SN T 6093 BBt AN S can be
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tiﬁsues. However, the cartridge of the invention can
al ﬁs%ees'adapt ed to be inserted into an existing
bi ochi p device known in the art. It will be evident to

anHowevier ethedeafAdgd O the iAdERIonOEamid Yet &apted to be inserted
cartridge shown in Figures 1 and 2, for exanple b

ad H)}@ iangeXisting bioshipadevier knewnpothes artt i withbe avident to any skilled

c2pEAPRoRPte B, OF Mol b SRR O R HORY Prana 2, for
adepaepld bybedaptiey tredinlét and atleeposs, & nidkEIiRe Bartridge more
nore, in Ffar'tl cul ar, i nsi de the_dissociation chanber.

Thautahle foripsertiony intaa Migchip.dzar axamplg etheceariidge of the invention

in et j ' A il I t . .
SR B PR B o e o, mors,n partcuer
Thinsitb/tiet digsociatiohehamberer use, the cartridge can be

di scarded and a new

The cartridge, for example, can be inserted or integrated into a biochip like a
micro total analytical system (u-TAS) or a lab-on-a-chip system. The
advantage is that after use, the cartridge can be discarded and a new
disposable cartridge is inserted into the ‘biochip. This makes the whole
process less prone to contamination.

Accordingly, the invention also provides a method of disrupting tissue and/or
lysing cells in a cartridge or biochip compfising the steps:

- loading reagents and a sample;

- actuating a piezoelectric material, where the piezoelectric material is in
contact with a second material, and wherein the second material has an
uneven surface on an opposite side to that in contact with the
piezoelectric material, the uneven surface contacting the sample;

- obtaining disrupted tissue and/or lysed cells; and



di sposable cartridge is inserted into the biochinp.

Thi s makes the whol e process |ess prone to
weoomwbanimat i on. Accordi ngly, the invention al SBCT/SG2005/000251

provi des a nethod of disrupting tissue and/or |ysing

cells in a cartridge or biochip conprising the steps:

- |l oading reagents and a sanple; - actuating a

pi ezoel ectric material, where t{g piezoelectric

material is in contact with a second material, and

wherein the second material has an uneven surface on

an opposite side to that in contact with the

pi ezoel ' ial, the uneven surface contacting
t he saﬁ%‘?%‘{érﬁ]gomkglgaﬁg di srupted tissue and/or |ysed
cells; and- recovering the eluate. The PZT material is

acfTinet BEThinateriaixiseacmiatab byage externak .voﬁh?e @duweesaThe external
vol tgae source susgll i es,sinuy Cil dal wave vo

tage havin
a PAARIT SYHER THPP!Se SINHROMR! Wave Valiaas Raving om B@a&-m-peak
to ' kN | €& v ; ;
SR, 8100l HSRH SO0 13908y Al el cicel wave
51 t valtage peayebeddapnliedo this Kainl dled heeob several tHorisant Vol. 1t will be

to t he, .sui,t abl e vol.tage,, | n particul ar, the

) eleBRTTe e ieh aRisdn P 1ad Bre ok Bithadee Hia sulleble voltage. In
fr i i [ tH il #3806 .

1 BEVfioeR, e SSHIdan Wefie MRIRBEINAY B eak Beak Holldhe from ~300
wale +80Vadgeonealst padicttani frami-+Hfutmdyl 80Whipcefenably Friom —~140V to

fr 0 : ticular, the scannin .

f r23&@‘&?%9@@%@%@@%%&%ﬁz’?ca%w ir%q‘fe“‘g/, which may be
10 pafroht dlGkHz to Q@kﬂzﬁkﬂr@dr@c&a@'ﬁh@-soﬁhﬁfhg%auéﬁcy is from 3.0kHz

particular, the scanning frequency is 3. 3kHz. As

me AR o GkHao oWiere t ine Particulan cfromr 5.6kHz etbeGaitlyz. Even more in
b e f . Usi
v aPHRisRr oA Bl R % B T T PR b M

material, the cavitation result is strong and the heat
pr Aduvedtionsed @ove, the PZT material is preferably actuated by a variable

(modulated) frequency. Using a variable (modulated) frequency to drive the

15 PZT material, the cavitation result is strong and the heat produced is low.
Accordingly, in a preferred aspect of the invention, the method of the invention
comprises actuating the PZT material by applying a variable (modulated)
frequency.

20 The biological sample may be a tissue from animal, human, plant, bacterial,
virus and/or cell sample. The sample may be frésh or frozen tissue sample.
The sample may also be cultivated cell, whole blood cell, serum, urine, saliva
or tissue from biopsies. The disruption and/or cell lysis occur in a dissociation
chamber of the cartridge.

25
The method further comprises the steps of isolating, purifying and/or
amplifying nucleic acids obtained from the disrupted tissue and lysed cells,
and recovering the nucleic acids. The reagents may further comprise washing
buffer(s), elute buffer and/or RT-PCR reagent(s).



Accordingly, in a preferred aspect of the invention,
the nmethod of the invention conprises actuating the

w@Zhetontiari al by applying a vari abl e (nodul at ePgT/SG2005/000251
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frequency. The bi ol ogi cal sanple may be a tissue from
ani mal , human, plant, bacterial, virus and/or cell
sanple. The sanple nmay be fresh or frozen tissue

sanpl e. The sanple may al so begultivated cell, whole
bl ood cell, serum wurine, saliva or tissue from
bi opsi es. The disruption and/or cell lysis occur in a

di ssoci ati on chanber of the cartridge. The nethod

y \ . : v
i TP BRIl % BBt rORPHE UsHhntB e sed cels by
di @ddl_pgebea_ddssm?tﬁainmthystetéasbbhe%lirﬁkeﬁ, and aeeovering hecleic acids
nugl.eic, agi ds. The_reagents may further conprise o
vva@hee gt%ﬁﬁ E’Pegf Té?ﬂ%@%u‘f“ﬁé!rbedmﬁﬁlﬂe“mbm- The nucleic acids
r em@a§id Fdcole | rfRé F el dXe i

T eg ana o yoeang Of H emaG o ARHEIGHe: TERTY Bemanent
wi Rgaetic Beldk Thadindingaf theliokerauother berdstecihe nuaeit dsids may

|15 s BOE 05860 i BRI TREACI cBSESE e miing
red ' i TRYN i 8988t 4
bt c@g:"-’r"g'gbﬁfﬁzi e (epovaredPRACTERE MolEBABE afe. DNA, RNA

nU’t s may be carried out by actuating the
pi ezoel ectric material to increase the mxing and

T RS o BSASTAR L S e oves
| efdbe inverdionhis bedween dyt nagtt 900 hg.cAlisp, thevdiegosibitibi ehamber

invention |s betwee .1 nmg to 100 ny. Also, the
di’ﬁg%bﬁﬁfﬁl%déﬁéﬂmﬁ?eguﬁ% be prel oaded with buffer.
According to a further enbodi ment, the invention
PrAudotéinga tbi ac fuRh&OahbsdiRENt, the invention provides a biochip
comprising:

- a dissociation chamber;

- reagent and buffer reservoir(s);

- one or more valves;

~ one or more pumps; and

- channels;

and with the proviso that there are no electrical connectioné integrated within
the biochip.

The dissociation chamber may also be referred to as the disruption chamber,

The biochip comprises one or more pumps, wherein the pump is a
micropump.



- a dissociation chanber; - reagent and buffer
reservoir(s); - one or nore valves; - one or nore

w@uvpedl41and - channel s; and with the provi so tPer/SGHos/e00251

5

10

15

20

25

are no electrical connections integrated within the

bi ochi p. The di ssoci ati on chanber may al so be referred
to as the disruption chanber. "The biochip conprises
one or nore punps, wherein the2punmp is a

m cropunp. Accordi ng to anot her aspect, the device may
further conprise an injection hole. The device may

al so be nodified such that autonmatic punping can be

CaAgécﬁ%Lr@UEO aﬁ%tﬁ%?a%e‘btf’fhé '@l%v*&boﬁﬁ'ypftﬁ'ﬂe?%drﬁ@ﬁ%%dinjecﬁon
as biochi™p device) according to the rnvention I's shown

i nhélegiihe devideweayealsot e nwdified sude thatcautontatipupem®ing can be
al read c?nprises the PZT discs. The biochip of the

i nVIAHE 6%‘nay be made of any material suitable for a

di sposabl e bi ochi p device. For exanple, a polyneric

MepRldxampld f the biotip Qalgaliﬁdibé‘ﬂed'@é’bb@hﬁpbéﬁ@é})ﬁf}@drﬁing to the
The biochip device is conveniently transparent so as _

t oinyentign ds tehoyps dn Vieiguriel Sy dripwpvendheabioghip slexiss of Figure 9
Itg g%aeq%ﬁc#defgaﬁses-r{h% ‘szqﬁéc%_dew ce i s conposed of at

ayer s and one or nore nmenbranes for the
val ves and punps. However, it nmay al so be conposed of
f oline driochip eofl theelirventibasmalyayermadarofoanpssatdriat dsuitable for a

t oget her,. nveni ently, the | ayers can be joint, .
t cAlspble BOGHIp Vi, ot SRt Ags OIS neaatisl The polymeric

material may be polycarbonate. The biochip device is conveniently

transparent so as to be able to observe and verify the various steps of the

reactions.

The biochip device is composed of at least three layers and one or more
membranes for the valves and pumps. However, it may also be composed of
four or more layers. These layers can be assembled together. Conveniently,
the layers can be joint together, by using any assembling means or can be
fused together according to standard methodologies known in the -art.
However, the cover layer is maintained as a removable layer. The first layer
comprises at least the dissociation chamber, reagent and buffer reservoir(s)
and part of channels. The second layer comprises at least the piezoelectric
material. Further, the second layer comprises part of the channels which are
connected to the channels arising from the chamber and reservoir(s) in the
first layer, and wherein the valves and pumps are formed at an interface
between: the second and third layers. Further, there are channels formed at
the interface between the second and third layers, as well as between the first
and second layers. The biochip may further comprise a cover to put over the
first layer. The cover helps in preventing the liquids in the device from spilling

out when the PZT material is in motion.



fused together according to standard nethodol ogi es
known in the art. However, the cover |ayer is

wordoabailmed as a renovabl e |ayer. The first | ap€r/SG2005/000251

10

15

20

25

conprises at |east the dissociation chanber, reagent
and buffer reservoir(s) and part of channels. The
second | ayer conprises at |east the piezoelectric
material. Further, the second Rayer conprises part of
t he channel s which are connected to the channels
arising fromthe chanber and reservoir(s) in the first
| ayer, and wherein the valves and punps are forned at

anpi e t; n jrg 4 :
1 PARELRRE RS HERSCA SR RER AR SEcon Lid BHET oy compriss
beteresses for the vahvisamtl pininpd. Hawevst, aagensehiskilled in the art would

bet we he first and.secand | rs.. The biqchip may..

{ he RBPP tooakeaBog iEguRRs. 1B RRCRR Mt EsPeFdp thaysition of the
Thecesysd WitliPhe NdéVicd, eWhichwblRl bhaHiedthd Rellke to perform the
device fromspilling out when the PZT material is i

mo2arod fumctigext i cul ar, the interface between the second

and third layers conprises recesses for the valves and

p : , | d_ in the-ar ul ¢ b

DU gBUEF oy PRERE BB B Ak B Sves anc
t opurhps pirs partioulad thdehirg dagseman ¢drnprisd aigke WHich connect to a
whi ch woul d enabl e the device to performthe sane

f URRQUIBRLC Spierceripagtyatgdhe yalyesur t her conpri se neans
of actuating the valves and punps. In particular, the

t hAR %xbmgl?é ofte SQIRUKS Bf H@Eiﬁ%ﬂipc(ﬁb\ﬁé’é‘ Bg\ﬁtbet Sedh in Figures 11A
pneunmat | ¢ source to actuate the valves. An exanple o
t rends i t bigeref 1 tAeshovo ¢thé dodgitudiealc écrobs)-seationiah view for the

BB 0, R B B Vi T 1
¢ hsHued @Wﬁéf@ﬂbﬂngﬁ@ﬂﬁ%t(b%s?%b{i&]eﬁ' ¢ _féﬂﬂpéhevs%ociaﬁon
a different |ongitudinal (cross)-sectional view tor

t ehamiseyo puap, yalvsh sheenel gneshghambernegnngedionel and
chanmber connecti on.

The first layer comprises the dissociation chamber and the reagent reservoir.
It further comprises of channels routed from the reservoir and chamber
respectively, through the interface of the first and second layers. The
channels are further routed through the second layer into the third layer,
leading to the pump unit and valve unit found at the interface of the second
and third layers.

The biochip may further comprise a binding and mixing chamber. The biochip
may also comprise an extraction/elute/PCR chamber.

Figure 11A shows that the biochip comprises a reservoir and a chamber in the
first layer, while Figure 11B shows a biochip comprising a reservoir and a
chamber. The chamber referred to in Figures 11A and 11B is the
extraction/elute/PCR chamber. In both these figures, the mixing and binding
chamber is not shown. Further, it should be noted that Figures 11A and 11B
refer to the same biochip. However, the difference in the components of the



The first layer conprises the dissociation chanber and
the reagent reservoir. It further conprises of

w@ baafoedig0o routed fromthe reservoir and chanbePCT/SG2005/000251
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respectively, through the interface of the first and
second | ayers. The channels are further routed through
the second layer into the third layer, leading to the
punp unit and valve unit found22at the interface of the
second and third |l ayers. The biochip may further
conprise a binding and m xi ng chanber. The bi ochi p may
aI so conprise an extraction/elute/ PCR chanber. Figure
. 03 r .
SEI0eF s 38 10 B BRI toR IR SRE ) SOOI wigh rdferred to
| looeaqin figumex iFs:ningr d:lgEB&H VY2Arareh 828 stioavsben .enlarged view of the
chanber. refe and 11B is the
ex‘??ﬁ%ﬁ'?t&m 86%'{“ F’F’&’ﬁ ﬁ%@?&"i’rﬁ) @éﬂl‘ﬁ CtHese fi gur es,

the m xi ng and bi ndi ng chanber is not shown. Further,

i tTﬁ@BIdcﬁld)Geﬂ@éfPﬁa hRb dﬂnﬁbﬁs@a %ééoﬁ@@héﬂfﬁefre\i/ﬁfchtl@ the mixing

t he same bi och IB wever, t edlfferen"celnt e
coaﬂsbhmdm ghamper (alse lnobwed ias mermlrt)h@s gheweriaiftigure 9 and

n ) I Lews [ .
Q0B S0 Bbod AR S Doyt YpE R, o comprse
gni aare@edd;/lPEW nfatéﬁﬁ (@lTw;]aymburatorc]mta%thnnb% seaobhldnnidt@nal) in the

igchip o igure e biochip device may al so
‘Q‘ingeaﬂij 5@8‘6@16 hamb®ber , which is the mixi ng and
blndlng chanber (al so |nd|cated as "reservoir"), as

s% Et fHiEE I%é?’ﬁ Gthia! NS and mibfoRint RBMbranas and the cover

b eVI ce e I nvention may al SO conpri se
sdamrdnlzbamladel e pL(rahamctseparaMy aand theynare wékunrthe scope of
m Xl N

'I'thb'd'. hanber. .The at .
b Bntal Pl AR Sachhcehathdbe sl Bhearovices -
angt tdepnsineg {hay et l@st bmr@@d@y@rs ptﬁéf@ﬁ@i‘ and optionally the
separately, and they are within the scope of

priaeebranes, tatthe valvescardipugpsoaad dutieer @s@@cmomHBZT material.
| nﬁ%“ldtoﬁa?/r gl\é'od&?mﬁnse the cover. The layers, membranes, and PZT

material(s) can be jointed or assembled together before use. The joint or -

assembling can be carried out by usmg releasable fastening means known in
the art. In alternative, the layers can be glued together or fused together
according to know methodologies or technologies.

As mentioned above, the second material may be any suitable material to
provide support for the PZT material to prevent it from bending during
actuation. Accordingly, the second material has a Young's modulus of
between 50 to 220 GPa. The second material may be a metal, a polymer,
glass, and the like. The metal may be selected from the group consisting of
steel, stainless steel, brass, copper and aluminium. However, other metals
may also be used. The polymer material may be selected from a group
consisting of polycarbonate, poly(methyl methacrylate) (PMMA),
polyethylene, polypropylene, polystyrene and poly vinyl chloride (PVC).
However, other known polymers may also be used.



kit conprising the at |east three |layers, the cover
and optionally the nenbranes for the val ves and punps,

wae@eousher one or nore PZT material. The kit POE§G2I05000251
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conprise the cover. The | ayers, nenbranes, and PZT
materi al (s) can be jointed or assenbl ed together
before use. The joint or assenbling can be carried out
by using rel easabl e fasteni ng Bans known in the art.
In alternative, the |layers can be gl ued together or
fused together according to know net hodol ogi es or
technol ogi es. As nentioned above, the second materi al

rrHVh@ SeldNd FHtEAR Rafha0s ol unevadl SR, IHIEIPIstinf@ntact with the
the PZT material to prevent it from bendi ng during

acsamplecand/ac ceflai igparticulas, ter unevemssrfeae iadwought about by a

dri g T biBog, THE RIS Dol e HayPd ciahiiaf BRBHEen 100 and

| i450 phhe HoweVerMhe kerfaebest gb fseebhd NPafrRIAn contact with the
conS|st|ng of steel, stainless steel, brass, copper

arkiolaigicdl sample Hothevdissociating chambes mmyyalao havb@nean surface.
The pol yner nmaterial nmay be selected froma group

(P2 e e B B S Bl 381 SRIDPRL 2Rk oo o bar
podrya etroyture havingae plandEshapio withest least® sldlesovvn
pol ymers nmay al so be used. The second naterial nay have

an_uneven surface, which in confact with the sanple
anth@rPZE| materia| haeds day be a@mat%weﬁnsewe@ valtage source.

brﬂégﬁﬂ n@lﬂﬁ%e By P rhREREI Qﬁd $he ‘s%@r_}llg%ﬁga;tgri%ﬂagorm%é%ameans, for

ave a di aneter between
Hosveanaple tvie elestfass, dor abtuatiegoted ReiTemaderialn Woen ¢he second

apatar] it avimeth- Boe iettidde. wil B8 coppeciatly ik £ TRglerial and
I Whéné’ecﬁjﬁd W Erddr b ther s@dcﬂfm'n%teﬁaﬁ' H6wel&d \Mﬁemﬁe second

or a structure having a planar shape with at | east
si meteriaffie aPgan-eanductive maderialt ke aoh/mﬁrematgn%nthen both the

thelr " ectrc%etsagmllsgg "&Snnected to the PZT material. The means for
connections or electrodes applied to the PZT material will preferably not be
integrated into the cartridge. For example, two removable pins or other means
for connection can be inserted into the biochip device to connect the external
voltage source and the PZT material. The meané for connection may be

removable.

The valves of the biochip are microvalves. Membranes made of any suitable
material known in the art are placed ih the valve openings. The membranes of
the microvalves are preferably made of poly(dimethylsiloxane) (PDMS). The
microvalves are actuated by an external pneumatic source.. The external
pneumatic source supplies vacuum and/or compressed air to actuate the

microvalves.

The biochip of the invention further comprises a membrane for a micropump.
The micropump membrane may be made of poly(dimethylsiloxane) (PDMS).
The micropump is actuated by an external pneumatic source. The external



Accordingly, the PZT material and the second nateri al
conpri ses neans, for exanple two el ectrodes, for

wacewdatdiimg t he PZT material. Wien the second nBCEBGHI05/000251
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is anetal, one electrode will be connected to the PZT
material and the second el ectrode, to the second
materi al. However, when the second material is a
non-conductive material, |ike?24 polyner naterial, then
both the two electrodes will be connected to the PZT
material. The neans for connections or el ectrodes
applied to the PZT material will preferably not be

i@ﬁﬁ%\%ﬁtﬁds&@ﬂc% kf lﬁe‘%: VEEGUR- ﬁ%r CoMiPre8sed VAIr to actuate the

_ e prns or © nmeans or connection.can be
| msierdpeginp.nt o t he bi ochi p device to connect the
external voltage source and the PZT material. The

ans for con ectio bear \ . ‘

368 S ar Btweravat ofo. TR PRk i, "RHHER Mmprise an
Sléxt@bh&w/@ﬁrt@m@ﬁa Kiembet. MThé ex@rdction RIweRECR cnamber may be
val ve openi ngs. The nenbranes of the m croval ves are

p@p@sm wnth@@rmﬁ"wpmsm%@w;ergal slestiemagnsienay heeattached
L EReB BT AE, MR v BRI or bound to

ankié ahalytafoeesampid, to hackdd acits).t he mcroval ves. The
bi ochip of the invention further conprises a nenbrane

for a, m ¢cropunp. .The c

g B AT TRBRcSNATBRE YT RB R BECP TRy P21 miaterial in
AU @ WillY 228 SoHE hitRbriANAURE %o EPaRBe thBEmixing and binding.
external pneumati ¢ source supplies vacuum and/ or

cd?qvﬂ'm,sm bmd:rtgoam:rmmng chamberanep wempriss berdmcoated with at

RS S PR3 PR ST RSB i peanet
ext gpﬁ’gl %de%ﬁ%‘ﬁg?@ga Wtfggbtgt@téglgghgmnkemfor Binding to nucleic
acid molecules may beg magnetlg beads. ©
The biochip may further comprise other components like biosensors, RT-PCR
and microarrays, which can be integrated into the biochip. Figure 10 shows
the working process of the device. The micropump is the bulky microfiuidic
device. According to the design of the biochip of the invention, the number of
micropumps used is reduced and théy are replaced with microvalves to guide
reagents. The biochip device shown in Figure 10 consists of nine valves and a
micropump for fluid manipulation; a PZT actuated chamber for tissue
dissociation and a PZT actuated reservoir for bead-mRNA binding; and four
reservoirs for storage of Washing buffer A, Washing buffer B, Elute/RT-PCR '
reagent and product (RNA, mRNA or cDNA, depending on requirements).
mRNA extraction and PCR are performed inside a micro-chamber deposited
with magnetic material, for example with permalloy, more in particular, with
permalloy pins. An electromagnet may be positioned below the chamber.

Figure 9 is a photograph of the prototype device. The pump and valves for
manipulating fluidics are actuated by an external pneumatic source.



bel ow t he chanber in order to attract the nmagnetic
beads |inked or bound to the analyte (for exanple, to

woe@bmia4@ci ds) . The bindi ng and m xi ng chanbePCTa§2005/000251
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conprise a further PZT material in contact with a
second material in order to enhance the m xing and

bi ndi ng. Further, the binding and m xi ng chanber may
conpri se beads coated with at Beast one |inker for

bi nding to nucl eic acid nol ecul es, or inmmunonmagnetic
capture beads. Beads coated with at |east one |inker
for binding to nucleic acid nol ecules nmay be nagnetic

beadseenlia Fg@RN10, regehty él‘ééR[la_rél@éﬂHd fifto @hBR respective reservoirs
conponent s I ke biosensors CR and mi croarrays,

it chambess i bafers dhe davineois Heedi dcHspie magple, weighing from

i U 2 O S BRI o

deﬁb(ﬂﬂ off PBBGOLB‘I'é?Ch PZf mbbeid] Roatdd With: élh@e 'Hé‘é@@rlsocfctuated to
m cropunps used is reduced and they are replaced wt

mi genarates strong @mtaéon@gbmnpact’rfmc@utocﬂnepnslm csample and this

Sh@%ﬁ%{:ﬁgtﬂe}eﬁégw 0”3 fw—& th §% LR ‘%ﬁ’ 5.6 ﬂ}ﬁd ligsue sample are

chesrapletél9rlybed wtahdi ssfeithe OV afRs 1B, 9atystfd opened and
reservoir for bead-nRNA bi nding; and four reservoirs

f dhegmisragemer isyitches eas Tee dssopiied bipleaicabsolgtion containing

El r

© ST AP BB O AT PR i s oo

armelw"dbdr\mthi bxrmding&;tﬁfemanﬁmegaatbcebedegowlse@swdﬂr also has a
for exanple with pernall oy, nore in

n&?qltt-@mfzr mat%alaef ﬁahawng.thg mmgeeﬁmrwa&w&n thg magnetic

phot ogr h'f&?m@le@g?ot ot ;%%nﬁg{ﬁdcgﬁtmlihg lgsér'r% tZsr.]sdJe solution, the
vanRNA ﬁ@capmredytbya()hg@ dT wardl bindsr o Hot UHQmath:ybGads surface.
e RS AL VB S C6odied o0, pedbiBely e carred out
rﬁ@gta\éﬁéégﬁ%@élg @?“gﬁﬁﬁ %@%ﬁgﬁeﬁ@%e%%' £ thé &drfttioft and PCR
chamber for élutlon The electromagnet is functional at this time. The
micropump is left on for a longer time so that the reagents inside the binding
chamber can pass through the extraction/PCR chamber a few times to
ensure that almost all the beads are recovered into the extraction/PCR
chamber. When valve V3 closes, the binding reservoir is used for the storage
of waste materials and chemicals. After the beads have been trapped in the
extraction/PCR chamber, V6 is first opened followed by V7 so that Washing
.buffer A and Washing buffer B can pass to the chamber for mRNA
purification. In the last step, valve V8 is opened and elution buffer or PCR
reagent is pumped to the extraction/PCR chamber for mRNA elution or PCR
amplification. The processing time from tissue loading to mRNA elution will
take about 15 minutes (PCR thermal cycling is not included). Most of the time

is spent in the mRNA purifying processes.

Integrated polymeric micropump for reagent delivery



0.1 ng to 100ng, is placed into dissociation chanber
prel oaded with 70m to 100m of PBS buffer. A PZT
woradoei4ho coated with silica beads is actuat edP€DSG2005/000251

generate strong cavitation and inpact force to the

ti ssue sanple and this disintegrates the sanple within

60 seconds. Cells of the tissue sanple are conpletely

| ysed at the same tine. Val ves 261-V2, V4-V5 are opened
and the mcropunp is switched on. The dissoci at ed

bi ol ogi cal solution containing bionolecules is passed
into the binding and m xing reservoir that has been

pr ¥heagigebplinh u?éﬂ% fb Biebhp' déii H?Eltgf‘glég(?ra?%r@%ciem bfessure to

reservoir also has a bU|_It-| n PZT mate
enpeapsl fyid hisom xoneg ledatiooi throygh Winkarochannedg riet mnother specific

o1 EERIO Lo gt WerdlsitabpioaBiie B BongPrvdy sotaniaden pump, in
bi fHichtthe ichamRans bbandsdeRherBy fadfcheckd)anss Mwolozzle/diffuser
V5 are opened and m cropunping’is carried out

5 neenfigwations: y tiumbee efhmicigpemps besed oo diffierent actuating

oAbl R AR TR i b sl e been reported ang
m devedope iis teebht greafoMDisiéoMEillefer,met ., t MEMSh€999, Orando,

reagent s_insi de the binding anber can pass through
¢ hEBEda R e o hingie &1 abngdl delemajosakwpeeagion MEMS,

al ygsd ; @%@ﬁ%a amiied into the
extradt%ﬁ?'?%@ cha QF bﬁ\%?gn vap've V3 cl oses, the

bi nding reservoir is used for the storage of waste ,
10 nalter & membranecpumpcitisessEntial tot dchidend sndndmeinb eempression ratio

op RS srisTaE B5obdis T Wit i bugblgplrance. The

V\ﬂ@&ﬁqp,ggsbr@ﬁfrgﬁogmegaég? to the chanber for nRNA
purification. In the |last step, valve V8 is opened and

elution buffer or PCR reagent is punped to the
extraction/ PCR chanber fof SfNA &eMufVon or PCR
anplification. The processing tinme fromtissue |oadi ng

t AR PEU AL Bt8kb volume and Vg is the dead volume. The dead volume
15 must be minimized and the stroke volume must be maximized in order to
achieve a higher compression ratio.

Piezoelectric actuators, shape memory alloys, electrostatic actuators and
thereto-pneumatic actuators have been used as actuating micropumps. These
pumps require complicated fabrication processes, but generate only limited
20 flow rate and relatively low pressure since the micro actuators are capable of
generating limited force. The stroke volume of the pump is also limited.
Hence good pump performance is hard to achieve. Furthermore, they are
too costly for disposable applications like the biochip device of the present

invention.

25 In the design of the biochip of the invention, a PDMS material, which has a low
Young's modulus (20Mpa), high elongation, biocompatibility and good sealing
property was selected as the actuator membrane and the inlet/outlet valve



take about 15 minutes (PCR thermal cycling is not
i ncluded). Most of the tine is spent in the nRNA

wWQ@o6yilmg processes. Integrated pol ynmeric n cPOPSGmO5/000251

for reagent deliveryThe m cropunp used in the biochip
devi ce nmust generate sufficient pressure to propel
fluid fromone |ocation through m crochannels to

anot her specific |location. The2wost prom sing approach
is the concept of a diaphragm punp, in which the

. chanber is bounded either by two check val ves or two
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nozzl e/ di ffuser configurations. A nunber of

. ) Dl es

AT AR Rl LOrEeRdt Bl [0 568 YR, Ficropumo o

reamle%mi seﬁfprmnglambbubbla dam:leraneeaTbefdmswm back flow due to
er

Maj, | | I Fi
r \ne, G956 §SLR0 LproPere Of 17 VS BRIV SRRt i les have multple

Wo
ppfdg%g&gsg %?t?ﬁi@}thé%%%strggir@?%ﬁﬁn%?bl&ﬂl;?‘?@\élscgeﬁ?? secondly for the

acforemation ofrihe pumpdwysingssanshvalee housings.
hi gh- perf ormance processes |ike self-primng and

o TRy RO bR ane. MG UPBEF B Wb Bkl fifighb §6f B artiont
i sp mﬂnﬁ deatiben! Tomprébsediead andl vaguursaredapplied Moz &tuate the
and the stroke volune nust be nmaxim zed in order to

achi&QRURPA| fher derthp o stipomicrepLer mhapdegledd rihe upper pump
ac : | .
choiTib SndRRE SRIE 8 ahG 1y b ALk ity e deflection of
usm E’S)MStaxftuEﬂm nhenmnmsheﬁ'dmslee prepise r stephe Qo‘ume can be
l.i ca ricatjon processes, ener at n )
'@\63 Wef aAhts el S&ﬁsﬂwﬁﬁoltbﬁlpﬁn&%ﬁ@e iRk &,ﬁ%s'ty’ outlet
thgnmrﬁﬁiﬁ)@%&@ ors are capable of generating Iimted

orce e stroke volune of the punp is also limted.
Hence good punp performance is hard to achieve.
FuFhéeaxteina) pnieeynatice source is connected to the bottom of the biochip

device to actuate the pump. The inlet and outlet holes are formed in the
connection layer and they communicate with the microchannels that are
located in the reservoir layer.

PDMS is not photo definable and cannot be photo-lithographically patterned.
In addition, it cannot be spun coated to achieve uniform thickness. Therefore,
the PDMS membranes in our device are moulded by a micro mould. A two-
part PDMS solution (Sylgardi84 Silicon Elastomer, Dow Corning) is used to
cast the membrane. Part A and B of the solution are mixed in a 10:1 ratio. It is
then poured slowly into the mould, followed by placing it in a vacuum
dessicator for about one hour to release air bubbles trapped within the PDMS
mixture. Once there are no visible air bubbles, a flat and smooth blade is used
to traverse the upper surface of the mould while maintaining contact with the
surface. This is to ensure the cured PDMS membrane has the same thickness
as the depth of the mould. The whole set-up is then cured inside an oven at



too costly for disposable applications |ike the
bi ochi p device of the present invention. In the design

w@Roobloet1id ochi p of the invention, a PDVS nat er PEl/$G2005/000251
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whi ch has a | ow Young's nodul us (20Mpa), high

el ongation, bioconpatibility and good sealing property
was sel ected as the actuator nenbrane and the
inlet/outlet val vemenbrane. ReB&tively high
conpression ratio enables the mcropunp to achieve
self-primng and bubbl e tolerance. There is no back
flow due to the good sealing property of PDMS.

Poto/ caob aRaicurPFMafy, & POMBUNEMBIrané BRLhifeNs thicknedd i obtained
for the construction of the biochip device, and

sedshedry bedaekemeut of thetmewldef t he punp housi ngs and
val ve housings. The PDMS nenbrane, the upper and | ower

Egﬂr%tglﬁé% ﬁuﬂ@i %‘@Briééﬂéﬁi% ciPAtARt I?Hbr?éf re integration into the
npressed afr and vacuum are applie O actuate the

m lniodmprctevi%% eFigarg hBQfK,l Bhshaowsrthe r;wnpe;cihmrhat rasultsh&hen using
upper pu ousi ng and. | ower puy ousi n y he ,
20ster B9tine RUTIPED TRAIANS S DU PUTIRNERSS 2m was achieved
a ' C v
SCTROAN IR TRGE e B S AT S0P kf Ao of tre
puripupresduee (pusmmbeag). outl et and inlet pressure.

The external pneumatic source is connected to the

bott om of the biochip device to actuate the punp. The
inlet and outlet holes are forned in the connection

| aMRFovIVé folPfyid goftiampecate Wi th the m crochannel s that
are located in the reservoir layer. PDVS is not photo

def i nabl e and cannot be photo-Iithographically

p%&ﬁ&h@ﬁ%ﬁ?@l %Qﬁﬂohaﬂt iﬁtthéaﬁi%?i aeﬁ%%nisg%%ﬁicmalve. Micro

achi eve uniftorm ckness. Therefore, the
meshecknadvasnand midrovaciiveavalves matiedfrom silicorc materiall ahd polymer

mﬁmﬂg%gﬁ%géhga Arﬁ%@g"ﬂ g)'esélesékl valve isE!s,friﬁ’;glgqﬁrd’esign, its
inherent limitation such as a one-direction flow limits its usage. Moreover, in-
built micro actuator active microvalves are too expansive to be used for

disposable biochip application.

in the biochip of the invention, similar o our micropump structure, a simple
PDMS membrane microvalve for fluid guidance has been designed. The
microvalve is actuated by an external pneumatic source similar to that used in

the micropump of the present invention.

Thé valve is constructed in the connection layer of the biochip device for easy
communication to microchannels located in the reservoir layer. The flexibility of
the PDMS membrane makes the valve functional at —0.1 atm pressure. It
exhibits very good sealing property when it is closed. Figure 14 shows its flow
rate against the inlet pressure.

Multifunction chamber for mRNA extraction/PCR/elute



cast the nmenbrane. Part A and B of the solution are
mxed in a 10:1 ratio. It is then poured slowy into

wo b@eouba, foll owed by placing it in a vacuunPCT/SG2005/000251
dessi cator for about one hour to rel ease air bubbles
trapped within the PDM5S m xture. Once there are no
visible air bubbles, a flat and snooth bl ade is used
to traverse the upper surface éP the mould while
mai ntai ning contact with the surface. This is to
ensure the cured PDVS nenbrane has the sane thickness
as the depth of the nDuId The whol e set-up |s then

cu d [ de an t 7QC for an hour._ Fin
e PigRePBratan L iAoy BisBaen COnSIBHIT b A YepgRromising
efcﬁh O'éhcgf téé%efé?uégalla?l @Bgé‘ﬂn atich techniques. Its
r|ca ed and “characteri ze ore tegration
t had\kamage gs dsvease dfi manipuldiok oB)blcsholwutdsehke DNA RNA and

exﬁﬁiﬂimm A iocHipRieg . Hund Beets oaated Ttk Clabd TeBs surtace
5f OPRRNASEacon [Tk Béé&@él‘eoé}oﬁhﬁ %H?Xn Aitfneter.

|n pen ent of the output pressure (punp
M croval ve for fluid guidance Another critical

M BRI ﬁ&f'ﬁ%éﬁvgé"s@ﬁg'%dgﬁéhﬁﬁﬁ%éi@&aTssé el fegmultitunction
Si ¢h4rAer Bt Aﬁ Nohm@ ot ZQRJIY)éUg'E Pi’a’té %baféﬂv\‘ﬁ/fti?%pr}n polyimide (from

reported. t hough the 'ch ve is sinple
deBi 2;525 from MicreChem)!is placsed atrthelhmtom ohthe chamber. A miniature

10 pr GeEirecFaanet f%%%ﬂ%@%&)&? §Baffies BLaoishime: Tespgtic field.
beywpzpd ber c@r‘rérﬂ%ﬁ}é%%@'e%ﬁ?ﬁd’n%bt Qg% rn‘i’%néh@ fleltwill attract the

bi ochi p of the invention, simlar to cropunp
st beadsuand eassrefdﬂaé tli@l\&mwnbn dhe chambevawr@nftdxe élbctrld magnet

gU|d nce has been ned.. Th i croval v act uat
e o o Sistadfi Pareat il BpAleasy 06 2eRae. sade Current i
' anDé‘ednlﬁr%UPﬂthIf plde FHEIRE Jemepstt! Réat for PCR amplification.
15  Heating rate of 16°C/s and cooling rate of 9.6'C/s are achieved. This non-
contact heating method separates the heating component (the electric magnet)

and sensor from the biochip device, hence making the biochip device more

cost effective.
20 The invention further provides a method of disrupting tissue and/or lysing cells
in a cartridge or biochip comprising the steps:
- loading reagents and a sample;

- actuating a piezoelectric material, where the piezoelectric material is in
contact with a second material,

25 - obtaining disrupted tissue and/or lysed cells; and

- recovering eluate.



The valve is constructed in the connection |ayer of
t he bi ochi p device for easy conmmunication to

wor@sociiannel s | ocated in the reservoir | ayer.PdheG2005/000251

10

15

20

25

flexibility of the PDVMS nenbrane nakes the val ve
functional at -0.1 atmpressure. It exhibits very good
sealing property when it is closed. Figure 14 shows
its flow rate agai nst the inl et30pressure.

Mul tifunction chanber for nRNA
extraction/ PCR/ el ut eMagnetic bi oseparation technol ogy
has been considered to be a very prom sing technique

amﬁhe raetRidab! avaktingltse @ﬁ%éﬂaﬁ%ﬁ?ﬁﬂﬂg%e tisspe and/or lysis
niques. Its advantage is its ease o0
ﬁ'lﬂ @ﬁﬂ’@l v actiatipn by mRAns Hﬂﬂ@aﬁenﬂhﬂoltagetﬁwrd& mcmepsame as
d &g;]?d of its
sﬁfrﬁ gggséﬁge?duse ﬁ\fﬁ%&h&%@‘@téf}gﬂ.%ﬁ) ﬁﬂb‘f@ads are

around 2.5mm in diameter. nRNA extracting, washing and

PCFhe@rhioekipi dgv:aeecmirnpﬂsésn rhéansnfbt igfcungtin Spmeﬂm‘b%atenal for
of _a vol u A netal plate coate

oPATIRge Tip, DpoRdes & Malaied el i carartrs r
t h&e@@hi Ctﬁbpfs ﬁ‘{%b&’%so ﬂbr‘i"cﬂ%H{ rf‘ocrrgéﬁ ép'%g lRixing and

is placed bel owthe nber to genera
f i RindingwwhamberDeachiPZanmaterial basttive edéeteddds; nagnet
the nagnetic field will attract the beads and ensure

nb th I ectric
e, ARt D plorel e Shiatallal peristetes,sting impact and
f remvitatioy t@fbrlﬂgkétbbutétﬁl@@l@s@é' ro“é?ﬂbtldaﬁ Tr'ﬂa@I Hf‘s‘?&’pﬁéh Gh8/or cell lysis

netal plate and they generate heat
arﬁﬂqlfi%ﬁtqlﬁﬁ@c'ail@atqh@gnb%rte of 16(‘/5 and cool ing rate
of 9.6C/s are achieved. This noncont act heating nethod

Sens?élﬁ%g%&ﬁhggaw evi ggﬂﬁﬁ@@@t ETHH% ﬁg?le may be

b|twehepfrdmv|anernabrlwmaﬂl gﬁr;teg:trl bactteTbB eltriahl@mvirgéld?ample The
furt od. o0 i srupting tissue an
| fﬁém@ 6@ g’edfﬁe%{‘ 9'3:&9?‘?'31&3‘6‘? SBMie phe sapnle imay baecultivated

SlceRswhole blood cell, serum, urine, saliva or tissue from biopsies.

The dissociation chamber may be preloaded with buffer.

The method further comprises the steps of isolating, purifying and/or
amplifying nucleic acids obtained from the disrupted tissue and lysed cells,
and recovering the nucleic acids. The reagents comprise washing buffer(s)
and elute/RT PCR reagent(s).

The nucleic acids may be recovered from the disrupted and/or lysed cells by
adding beads coated with at least one linker, and recovering nucleic acids
linked to the beads. The beads may be magnetic beads. Alternatively,
immunomagnetic capture beads may be used. The binding of the linker on the
beads to the nucleic acids or the binding to the immunomagnetic capture
beads may be carried out by actuating a second piezoelectric material to
increase the mixing and binding efficiency.



- loading reagents and a sanple; - actuating a
pi ezoel ectric material, where the piezoelectric

woredgoeoi€lo i s in contact wwth a second mat eri al PCF/SG2005/000251
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obtaining disrupted tissue and/or |ysed cells; and -
recovering eluate. The nmethod of actuating the PZT
material, disrupting the tissue and/or lysis the cells
by actuation by neans of an ex8®rnal voltage source is
the same as that described above in the nethod of
using the cartridge. The biochip device conprises
nmeans for actuating the PZT material, for exanple, two

el | immspumwaﬁéh%cﬂb@\émpl‘ﬂbﬁfbﬁ %;?Haﬁiﬁee&éﬁieﬁ out in a

are present, that is, one in the dissociation
arfdagieri & SHEW iR ﬁguéﬁ‘ﬁﬁtﬁnﬁiﬂﬂg'rbﬁmlc aé:manzmcovered by

"%851’1? of Ay e&Yé)r & Sfl%crtl%gr? net-{hzhgt e o %@pgggfeﬂ% folecules are

pi'ezoel ectricC erl al gen

caWNAaRﬂ\mahd/dmngmabout the tissue d| sruption. The
di sruption and/or cell Iysis occur in a dissociation

nmher. The sa Ie | 0 s .usua| | et ween
54500 g SRBOEIes RGBS MEaTiony tamsamasill be More readily
hLUi‘ﬁférstBbér’thro h FéHdea*Jo ﬁﬁ'édfo%wméd Hﬁaﬁ@i@ %hlgﬁ%re provided
ampl e resh or frozen tissu
sd)prlayrmi/ ibsteadion), \ande @re eidt, intérudes tbd)dmj livsitihg of the present
serum.. urine, saliva or tissue from biopsies. The
di"d % i on chanber may be preloaded with buffer. The
met hod further conprises the steps of isolating,
purifying and/or anplifying nucleic acids obtained
fromthe disrupted tissue and |ysed cells, and ,
r eB@nesle89 the nucleic acids. The reagents conprise
vvas Ing buffer(s) and elute/RT PCR reagent(s). The

an Fg‘i‘ﬁ'f’g@}@l%%ée lé’el W%S%éﬁ'ﬁ@@' dut YR HeecaRdd®t&e Figures 1, 2),
however, it is appllcable also to the biochip device (ex. Figure 9) of the

invention.

Example 1

Cartridge and/or biochip device - Experimental set-up

Both fresh and frozen rat liver tissue samples, weighing 1mg to 50mg, were
used for the experiments. The only pre-treatment process, before inserting the
tissues into the chamber of the cartridge through the inlet port, was to wash
the tissue with water. This was to remove debris such as blood. Frozen tissue
samples were derived from the freshly cut tissue in liquid nitrogen (—180°C).
The chamber proved to be capable of disrupting other tissues such as heart,
muscle and kidney tissues.

The pre-processéd tissue, together with 100pl Phosphate Buffered Saline
(PBS) was placed into the miniature cartridge chamber. The inlet port was
sealed with a setscrew before driving the piezoelectric disc with the power



addi ng beads coated with at |east one |inker, and
recovering nucleic acids linked to the beads. The

wheadd®14may be magnetic beads. Alternatively, PCT/SG2005/000251
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i mmunomagneti ¢ capture beads may be used. The bindi ng
of the Iinker on the beads to the nucleic acids or the
bi nding to the i munonmagneti c capture beads may be
carried out by actuating a sec®dd pi ezoel ectric
material to increase the m xing and bi ndi ng
efficiency. The isolation, purification and/or
anplification step nay be carried out in a chanber as

shamplifier. Agthe<adtridgd Vids trinepatentethe disrastiotr process could be
recovered b ans of an external electromagnet. The
re@@%‘g’&ﬁ @¥ei c nol ecul es are DNA, RNA and/ or nRNA,

Havi ng now generally described the invention, the sane

W Ftedpesampres’ wark bMt Hfﬂgﬁfﬁﬁ&dr&t nﬁ/@Hﬁgsu@f\géi@ﬂﬁ@ E?tween 5mg

the fol  ow ng exanp are provid
i | Bod ©0mg. dtat lived tlastee rhaart tissueg eolisale tissue and ikidneyftissue were

1 G EE PR SR T age (ex. Foures 1, 2).

however, it is applicable also to the biochip device
(ex. Figure 9) of the invention. Exanple 1 Cartridge

anTthereffict Ofi thedeartridye chAPBET 1BiMpatataas ohptrﬁohﬁcléfceéé‘ids was
and frozen rat, liver tissue sanples, weighi

ng
solyestigated lydasemingaainiaiuse Kvae dhemmecastily mto he chamber for
pr @ﬁ% before inserting the tissues
in (?%t@‘ﬁ@ﬁ arr%ers%%%@’r?'e cartridge through the inlet

port, was to wash the tissue with water. This was to
remove debris such as blood. Frozen tissue sanples
me e de J ved fron1hse freshly cut tissue in liquid

on et tissue size

Figures 4(A) and (B) show the organized solution for a 10 mg rat fresh liver
tissue disrupted with 100pi PBS solution in 20 seconds. The tissue was fully
disrupted to particles smaller than 7.8um in diameter. No cells were observed
in the solution. This implied that cells contained inside the tissue had been
lysed in the disruption step.

Time was recorded for comparing the disruption time and the size of tissue
sample. The applied driving voltage and frequency was 250V, and 6.2kHz
respectively. Each sample weight was measured three times. Fig 5 shows the
experimental results. For tissue weight ranging from 25mg to 50mg, the time
for full disruption was almost the same and they are less than 13 seconds.
Smaller amounts of tissue and cell samples required less time for the process.

Frozen tissue samples gave similar results but the disruption time was slightly
reduced. Frozen tissue is harder than fresh tissue and therefore they are
easier to be disrupted by the chamber.



The chanber proved to be capabl e of disrupting other
ti ssues such as heart, nuscle and kidney tissues. The

w@e@sprasessed tissue, together with 100m PhoBE@ITaGE05/000251
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Buf fered Saline (PBS) was placed into the mniature
cartridge chanber. The inlet port was sealed with a
setscrew before driving the piezoelectric disc with
the poweranplifier. As the car$}idge was transparent,
the di sruption process could be easily observed. Fresh
sanples were cut directly fromrat liver tissue,

wei ghi ng between 5ng and 50ny. Rat |iver tissue, heart

t i Actuationtimlecand chaenberdehperayute ssue were used for
the experinment successfully. The effect of the

cartridge chanber tenperature on the nucleic acids,

Warhd pieeséledticcdisbwil GeRéidte Bedt Wheh d iy =Rtdated PRigh temperature
t hernocoupl e into the chanber for neasurin

t t he
t evifl@ftectithe qoakity gitthebiemaiecyles. t,hté%aépgtpig&y bagufddo the RNA

¢ aadn PhoER Y IuRHEr bE i A Haclas HaslBnBtcted to the

s dig¥uiption icharibes @ontalfing The uhidsustedaisstisldnd thiesdrgahized tissue
to particles smaller than 7.8mmin diapeter. Ng cells )
weSolUtiansixidee indherchaganeliaf dhe cariidge %Fh%H’VPHHP"c@PI djsruption

Sird 21?% g&aérﬂ?eatsiu?éd‘ Bg?@éﬁe&@ﬁ& If%o'r( Xﬁéj tlj\é}nﬁ]cﬁghﬁul%e and read

c .
dﬁgb@iﬁ?u on ne -‘was r npar i

dicutupy isodiditatrreader. t Tige sihaagefint disswsicsachambefhntemperature is
2B i shPl LR G S S it s
tmgsen{ejiﬁ{‘éﬁﬁd':tjoga ﬁ'leﬁ(h‘ﬂ}r@ﬁ gxperinental results. For

é
tissue werg ranging from?25ng to 50ng, the tine for
full disruption was al nost the sane and they are | ess

S e SuBBERRINgCos ¢l ne Tor the process. o
Total RNA and mRNA quality tests were performed using traditional extraction
methods. Both rat liver fresh tissue and frozen tissue were used. The tests
used homogenizer disruption and miniature chamber disruption

independently.

Gene quality checking

The purification and yield OD testing was performed by Agilent BioChem
Workstation 84X equipment. For fresh tissue and frozen tissue, the average
ratio of A280/A260 was 1.98 and 1.99 respectively, very close to fresh tissue
disrupted by homogenizer with a ratio of 2.00.

As shown in Fig 7, the total RNA vyield test was also performed using the
above-mentioned equipment. The average total RNA yield for fresh tissue and
frozen tissue by the disruption chamber was 5.50ug and 5.45ug respectively,
comparable with fresh tissue disrupted by homogenizer which had a yield of
5.40pg. '



Frozen tissue sanples gave simlar results but the
di sruption tine was slightly reduced. Frozen tissue is

whasodet4ishan fresh tissue and therefore they aPer/e@xiogno02s1
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to be disrupted by the chanber. Actuation tine and
chanber tenperature The piezoelectric disc wll
generate heat when it is actuated. Hi gh tenperature
will affect the quality of the 3%i orol ecul es. It is
especially harnful to the RNA quality. In order to
verify whether or not the heat was easily conducted to
t he di sruption chanber containing the undisrupted

ti ssue and the organi zed tissue solution mxture in

t h f th t £ t [ tl h -

o rE R et e SR b SR Qo BE\ GRS Prads fne gurified by
a thetwashihg duffee.oSpleetet Braadurdolir Pé/laiédj%;éhééibnd housekeeping
reader. The change in disruption chanb enperature

i genesEahasCy » keratind@, T&es, Beta-actimaBAPSH i Gyslophitn and B-

TR AFPHS MERTIPER S8 TRREMY Rescar

quRt Ct200. %R@P@Twm@fsf%rélﬂom sﬁgmdt HIRBM 00 DuraScript RT-
extracti on nethods. Both rat liver fresh ti ssue and

f reBKiti ssue were used. The tests used honogeni zer

di sruption and m ni ature chanber disruption

i ndependently. Gene quality checking The purification
arﬁjgweeBGAbstmwsmgqroaasgqjmefsoltsrddr the Ad83e mRIBAo&kieanted from

AR EoZ8h REERToe Sl ey GRERehom AT FOR. The
1 l8r99és§t$@ﬁén RIGDNA 8 Youf |t@§tqst1q 76" 85 anér%US(B) shows the same

di srupt ed grsom) enizer wiwth a ratio of
stfeanltufnr Fthg E?horteﬁ o880 Bp& firmlodoglebmhm;aErcahsthe flgures the

er : or geECFgﬁ}lR%mqg?t? g,§ Iwﬁlggqr%)er?q gﬁglt‘l the gel picture. The
yleld of the mRNA was 0.155ug/mg tissue.

Conclusion

The prototype miniature cartridge of the invention for rapid and simultaneous
mammalian tissue disruption and cell lysis was used. The tissue disruption
was carried out within 30 seconds by scanning frequency high voltage driving
method. The total RNA and mRNA yield were about 5.45ug and 0.155ug/mg,
respectively, for every mg fresh or frozen tissue. Gel electrophoresis showed
that intact RNA and mRNA were obtained. Accordingly, the disposable
cartridge of the invention, as shown in Figures 1 and 2, has proven to be an
easy-to-use, efficient, and quick device for the disruption of tissue and
recovery of nucleic acid molecules. Accordingly, the cartridge may be used as
an efficient device for the detection of genes. In particular, wherein the
biological sample is a tissue from biopsies, the cartridge of the invention
represents an efficient diagnostic method for determination of cancer
biomarkers and gene-related analysis.



frozen tissue by the disruption chanber was 5.50ng and
5.45ng respectively, conparable with fresh tissue

waoele@esoptied by honopgeni zer which had a yi el d of PCT/SG2005/000251
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5.40ng. The NnRNA was extracted by Dynal digo (dT)
magneti ¢ beads and purified by the washing buffer.

Sel ected breast tunour rel ated genes and housekeepi ng
genes such as CD59, kerati n19,3§P53, Bet a- acti n,
GAPDH, Cyclophilin and b- mcroglobulin were anplified
by RT-PCR for 30 cycles using M} Research PTC-200. The
RT-PCT prinmers were from Sigmat HSRT- 100 DuraScri pt
RTPCR Kit. Figure 8(A) shows agarose gel results for

“E TP513 i:RNA extracted fromfresh tissue and frozen
ti - e cDNA is then obtained from RT-PCR The

| ongest full-length cDNA in our test is 1176 bps.

Fi gure. 8 S result for the shortest of
ﬁ'%@@ (sad)f?ﬁ zg’ﬁgfeogﬁﬂd%’[g'ﬁreomt he figures, the
extracted nRNA is intact and it is in the correct
position in the gel picture. The yield of the nRNA was

lﬁ%bi&h@ ?%V%e SPH W%P@@@J@B%y% é‘i‘;d"ﬁgu'éemmlature

cartridge o e I nvention and sirmultan
necavitbtiom charsber dos rmopminual tisslie elisruption sanascels dysis is used

Th t I withi

BB ST S IMRER e ATGH dbe e Ariinteygto generate a
edthg wﬂ?S@ctt S lcalfticn @ormf?é&h b'r&idiehefés@dlsfsoélaﬂéﬁgOn one

and 0.7155ng/ ng, respectively, for everé@ﬁt rc_“r esh or

f rurtaset Pk 2ud.2rem ﬂ@lplécﬁlbﬁ'hdﬂ liametaro inc, ialayer of glue

gigg%”@{\%pﬂf O@g 3y ﬁdehél%%\%g{] ?Itgé%ﬂ&é totlkﬁ‘:surface On the other

Flsgu‘fam Ta 40¢hr8, :nmuanmtewpremmmnam.slassmas frem PHILIPS™) is

Cidugt The Slcaheartsoriio g yeasisb et =S glued onto the

Ackfab i tie diskeppRkie 'tﬁ%gﬁleﬂaéﬂe&ﬁc \WHdsi@8. The beads that are used
vary from 100um to 400um in diameter. They are commonly found in water jet
machines, which employ high-pressure water from a nozzle to cut metals. This
specially made PZT disc is used to achieve maximum dissociation efficiency.

The tissue dissociation chamber has dimensions of 14.5mm by 0.7mm, with a
volume of 115ul. Tissues and reagents were loaded into the chamber via an
inlet at the sidewall of the chamber.

Although piezoelectric actuator offers advantages such as compact size and
high energy density, piezoelectric disk requires a relative high voltage for
actuation [Madou, Marc J., CRC press, 1997, 416-419]. A lab-made power
amplifier, with an output sinusoidal wave of 280V peak-to-peak voltage and a
scanning frequency of 3Hz was used to actuate the PZT disc (however, a
scanning frequency of 5.4kHz to 6.6kHz can be used). Experiments showed
that with scanning frequency, stronger cavitation was obtained in the tissue
dissociation chamber, hence improving the tissue dissociation performance.



an efficient device for the detection of genes. In
particul ar, wherein the biological sanple is a tissue

wo e@aiobilapsi es, the cartridge of the inventi onPCT/SG2005/000251
represents an efficient diagnostic nmethod for
determ nation of cancer bionmarkers and gene-rel ated
anal ysi s. Exanpl e 2 Biochip device (Figure 9 and Figure
10) In the biochip device of t3 invention (Figures 9,
10 and 11), a miniature cavitation chanber for manma
tissue disruption and cell lysis is used
si mul taneously. The chanber utilizes a PZT disc as an

actuator to generate a strong inpact and cavitatjaon )
f orher sasen expefiment shewing theding sequirgchier figh disseciation of rat liver
S . . 3
2 3B fordiBrelt iFSle et oo WEREhBeg i EXARIGI 13785 Baftfed out. The
adbsults arelshownbinddgures 4i(Asasd (B )sared Figure be ot her
surface, a 10nmin dianeter piezoelectric disk (PXE5

5 fromPH LIPS(tnm)) is glued. The silica beads, which
have very sharp edges, are glued onto the surface of
the di sk opposite the piezoelectric disk side. The
beads that are used vary from 100nmto 400nmin
di aneter. They are comonly found in water jet
machi nes, which enpl oy high-pressure water froma
nozzle to cut netals. This specially nade PZT disc is
used to achi eve maxi mum di ssoci ati on efficiency. The
tissue dissociation chanber has di mensions of 14.5nmm
by 0.7mm wth a volunme of 115m . Tissues and reagents
were | oaded into the chanber via an inlet at the '
sidewal | of the chanber. Although piezoelectric
actuator offers advantages such as conpact size and
hi gh energy density, piezoelectric disk requires a
relative high voltage for actuation [ Madou, Marc J.,
CRC press, 1997, 416-419], A |ab-nmade power anplifier,
wi th an out put sinusoidal wave of 280V peak-to-peak
vol tage and a



scanni ng frequency of 3Hz was used to actuate the PZT
di sc (however, a scanning frequency of 5.4kHz to

WG 2@kiz41¢@n be used). Experinents showed that BT/RG2005/000251

scanni ng frequency, stronger cavitation was obtained
in the tissue dissociation chanber, hence inproving
the tissue dissociation performnce. The sane
experiment showing the tine rediired for ful

di ssoci ation of rat liver tissue for different tissue
sizes as described in Exanple 1 was carried out. The
results are shown in Figures 4(A) and (B) and Figure
5.6bmhgs 1. A device for sanple tissue disruption

~andror cell lysis conprising: a piezoelectric
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material ; and at |east a second material in _contact o
wi'k hAt Hevisee iuyeisaniple dispiiee disauptiam @naier el tysis comprising: a

SCEB BR3¢ BT BReE LASRERGBBAPROBb it it

mat epieabelettricl heatd gl cthdoivhereinnhe, sedsridinmatifial Hasant uneven
material is glued or fastened to the piezoelectric

mat efiiEace PN Bk appeste gifeclogitiat in confgel, with thee piezoelectric
unevegnisunface i s brought about by a layer of silica

beads. 4.  The device of claim3, wherein the silica

beads have a di aneter between 100 and 400 nm 5. The

déi ddeofledtaiofrelaim4], witerein thetdesondauateriahisegliuat! drdastened to
a Yoyng'.s m)ldu s-o%b tween 50 to 220 GPa. 6. The

devi £¥ RIFZRF'ECHIC M2N%her ein t he piezoel ectric

material is in the formof a disc, rod or bar or has a

plaanThe e of ElRimMs 1LBagherRirbtitetneven Shfase¥d Bught about by
claims 1-6, wherein the device is disposable. 8. The

devi @daysr of|silicasbeads. wherein the device is a

cartridge. 9. The device of claim8, wherein the

car trhdRvidd b Ehihi ATRIASER M2 Lt beads have a diameter between
100 and 400 um. .

5. The device of claims 1-4, wherein the second material has a Young's
modulus of between 50 to 220 GPa. '

6. The device of claims 1-5, wherein the piezoelectric material is in the form
of a disc, rod or bar or has a planar shape with at least 3 sides.

7. The device of claims 1-6, wherein the device is disposable.
8. The device of claims 1-7, wherein the device is a cartridge.

9. The device of claim 8, wherein the cartridge further comprises an inlet
port, and outlet port, and at least one chamber.

10.The device of claims 8-9, wherein the cartridge is integrated into a biochip.

11.The device of claims 1-10, wherein the device is a biochip device and

further comprises:



port, and outlet port, and at |east one chanber.
10. The device of clains 8-9, wherein the cartridge is

w0 nioegreadsed i nto a biochip. 11. The device of CcPEI/A62005/000251
1-10, wherein the device is a biochip device and
further conprises:- a dissociation chanber; - reagent
and buffer reservoir(s); - one or nore valves; - one
or nore punps; and - channel s 8dnnecting the chanber,
reservoir(s) and valve(s). 12. The device of claim11,
wherein the device further conprises a binding and
m xi ng chanber and/or an extraction/el ute/ PCR chanber.

13. Thedievtiatofichahen 12, wherein the binding and
m xi ng chanmber conprises a piezoelectric material and

a second material in contact with the piezoelectric

mat erifgpgentangh bufiesfesensir(e) ai ms 11- 13, wherein the
val ves are microval ves. 15. The device of claim 14,

vvher elc;hé&em@é‘(,gmgves conpri se nmenbrane m croval ves
mat eri al 1 ncl udi ng pol y(di net hyl si | oxane)

(PDI\/IS) 16. The device of clains 11-15, wherein the
punp -|cmeaomnnor©purnpsaaddcorrpr| ses a nenbrane. 17. The
devi ce of cl ai m 16, wherein the nenbrane is made of

5 TR oo SR S G BT ark .1

extraction/ el ute/ PCR chanber is deposited with

e Thi cdewdes of adlaiml 9.1 TReheteini e @évieé Furthd? compRises a binding
t he bi ndi ng and m xi ng chanber conprises beads coated

wi t hagd migiagtchanaber am:!@r a@ext;aﬁmnw{gluw%f% Feambggi d-

13.The device of claim 12, wherein the binding and mlxmg chamber
' comprises a piezoelectric material and a second material in contact with
10 the piezoelectric material.

14.The device of claims 11-13, wherein the valves are microvalves.

15.The device of claim 14, wherein the microvalves comprise membrane
microvalves made of material including poly(dimethylsiloxane) (PDMS).

16.The device of claims 11-15, wherein the pump is a micropump and
15 compriées a membrane.

17.The device of claim 16, wherein the membrane is made of material
including poly(dimethylsiloxane) (PDMS).

18.The device of claim 12, wherein the extraction/elute/PCR chamber is
deposited with magnetic material.

20 19.The device of claim 12, wherein the binding and mixing chamber
comprises beads coated with at least one linker for binding to nucleic acid

molecules.

20.The device of claim 19, wherein the beads are magnetic beads.



nol ecul es. 20. The device of claim 19, wherein the
beads are magnetic beads.2 1. The device of clains

wQ@26080141wherei n the biochip is conposed of at PEESG2005/000251

S mat erGOAPPRHES

three | ayers, one or nore nenbranes for the val ves and

one or nore nenbranes for the punps, and wherein the

first layer conprises at |east the dissociation

chanmber, reagent and buffer res¥voir(s), the second

| ayer conprises at |east the piezoelectric material,

and wherein the valves and the punps are found at an

i nterface between the second and third | ayers, and the
chanehe davieef ludldimé Mbeo i ings fd

second, and the second and yﬂgﬁ#sgﬁ;@%_@@o@%f at least
devi dBrest layeisnpe1or mareneembsapes Johdhe: vadwasr and gna or more

over £ r f.di ting tissue '
v DO K oyl VUL L R S eSS s
- | oateniissoctatiopl chanbler, eeamatitBind bftsruabendirgs), the second layer
pi ezoel ectric n@t@erl al, where the piezoelectric,

s @t least tha piRzeglestric mstarialn g whereim ghe valves and
wher gj | ;
o oshE pS SRORUERESh Tttt TG ;LRSS yers,
pi ez@ldethter chanmele @ralfound et tneirderfaced af ¢he dirgtamnid s6cond, and
the sanple; - obtajning disrupted tissue and/or |ysed
cel | 3Ee§ﬁ8°'3d ?8536@1’ ikﬂ%r?'he el uate. 24. The nethod of
cl ai m 23, wherein the uneven surface is brought about

b . a ' . 1 .
y22. They deviek &f tlafa @ﬁg@ﬁtg\?g%gﬁﬂfﬁgm 'eé?@o(?ér £ ?u%%r the first

wherein the silica bead bet ween 100

10 and 4&¥ermm
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23.A method of disrupting tissue and/or lysing cells in a device comprising the
steps:

- loading a sample and reagents;

- actuating a piezoelectric material, where the piezoelectric material is in
contact with a second material, and wherein the second material has an
uneven surface on an opposite’ side to that in contact with the
piezoelectric material, the uneven surface contacting the sample;

- obtaining disrupted tissue and/or lysed cells; and
- recovering the eluate.

24.The method of claim 23, wherein the uneven surface is brought about by a
layer of silica beads.

25.The method of claim 24, wherein the silica beads have a diameter
between 100 and 400 um.

26.The method of claims 23-25, wherein the piezoelectric material is actuated
by an external voltage source.



26. The nethod of clainms 23-25, wherein the
pi ezoel ectric material is actuated by an external

W oltbagha4sour ce. 27. The net hod of cl aim 26, wheCEBG2005@00251
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external voltage source supplies a variable frequency
voltage to actuate the piezoelectric material. 28. The
nmet hod of clains 23-27, wherein the sanple is an

ani mal , human, plant, or adi po$8-originated tissue
and/or cell sanple. 29. The nethod of clains 23-28,
wherein the sanple is fresh or frozen tissue and/or
cell sanple. 30. The nethod of clains 23-29, further

COpPITHE RibthbE ot @dien OB, ividraihni the, extefidl Wokagansbiurte supplies a
ampl i fyi gg} nucl ei c aci ds obtained fromthe disrupted

t i ssuariahle frogeeneyeyoltagedadatuaisibe ipirzoeiretric matedal.
acids. > 3 1. The nethod of claim30, wherein the

nusk ey ﬁféstﬂég:{/acgfgg:éﬁgé’\%r—fﬂ \Rﬁ@{@ilﬁqueﬁqaﬂ;@@t 8k, human,

| ysed ce beads coate | east one

| i nkeplantaod adipeisetoridimatetitisdue@@ndfortdedl dammider on t he
beads to the nucleic acids is carried out by actuating

oSSR 61 oF S, 2 2Rchetsd dne RETHIR FelTEshay dipson tissue
l'i nkeghdyor éé]?sé?ﬁ?%?- 32. A pi ezoel ectric device

conprising a piezoelectric material, which is in
contact with at |east a second material; and wherein )
t hd0sldwomethadeoi glaimas23n29uientker sompasingothensteps of isolating,

o 0z 3B i Pl SRR Eolg Sokalbt o the fisrupted tissue
of claidny3ad cmfaimrdobﬁeﬂﬁ%ﬂﬁln@défc@ﬁdé.s br ought
about by a layer of silica beads. 34. The

giegégﬁ{é&{grﬂiagd g?‘(’:ia?n% é)dc, vs%eariam tﬁ%’m}l\glqgiggc?d; QFe Fc’eicloivg?ed from the
disrupted and/or lysed cells by adding beads coated with at least one
linker, and wherein the binding of the linker on the beads to the nucleic .
acids is carried out by actuating a second piezoelectric material to
increase the mixing and binding efficiency, and recovering nucleic acids

linked to the beads.

32.A piezoelectric device comprising a piezoelectric material, which is in
contact with at least a second material; and wherein the second material
has an uneven surface on an opposite side to that in contact with the

piezoelectric material.

33.The piezoelectric device of claim 32, wherein the uneven surface is

brought about by a layer of silica beads.

34.The piezoelectric device of claim 33, wherein the silica beads have a
diameter between 100 and 400 pm.

35.The piezoelectric device of claims 32-34, wherein the second material has
a Young's modulus of between 50 to 220 GPa.



di amet er between 100 and 400 mm 35. The piezoelectric

device of clains 32-34, wherein the second materi al
whawealNeung' s nodul us of between 50 to 220 GPRCBSGXi0£000251

pi ezoel ectric device of clains 32-35, wherein the

pi ezoel ectric material is in the formof a disc, rod

or bar or has a planar shape vvi‘hh at |l east 3 sides.

36.The piezoelectric device of claims 32-35, wherein the piezoelectric

material is in the form of a disc, rod or bar or has a planar shape with at
least 3 sides.



