WO 20061014140 PCT/SG2005/000251 1 Method and Device for the
treatment of biological samples Field of the invention The present
invention relates to devices for the treatment of biological 5 samples. In
WOAERL *he invention relates to cartridges and/or biochipP GBS fca985/000251
comprising a piezoelectrical material for the treatment of biological
tissues and/or cells. 10 Background of the invention A tissue usually
contains cells inside a biological matrixg which provides mechanical
strength to the tissue. The tissue disruption and cell lysis steps are
required for isolating cells, nucleic acids or proteins from the tissue.
Conventional tissue disruption and cell lysis processes are

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
chegyicak e fianissh or thermal treatment to lyse the cells in order to
extract the intercellular and/or intracellular components. 20 Other ways of
tissye disruption adaptable for use with micromechanical and/or L
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10  Background of the invention

A tissue usually contains cells inside a biological matrix, which provides

mechanical strength to the tissue. The tissue disruption and cell lysis steps

are required 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 ehzymolyﬁc 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, 73:492-486]. However, these are applicable for cell lysis and are not



feasible for disrupting tissue. Further, the sonicating devices are external
devices and are not integrated In an automated system such as -TAS or
MEMS. Piezoelectric material has been used as an external means for

WVAMIGIEHYY 5 bring about cell lysis [P. Belgrader at. al., ARSI/EFIMT000251

1999, 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 p&vent an increase in temperature

from degrading the cells. This makes it difficult to incorporate the

piezoelectric material in a micro device. 10 A fully-integrated biochip for

the detectign of pathogenic bacterja has also been reported [R Liu et. at.,
%ﬁ?%&%f ?’,rzﬂ%ﬁ” YIS BYTer dheisanicating dﬁ@&gﬁ@*ﬁhére external

biatdiren grsbraes tofrintegeadhemaringueshcinngy spsfwdsydthinstheTas or

bigchip.Jt also comprises electrical connections and a printed circuit

board within the chip. The presence of electrochemical pumps, 15 and

electrical connections integrated within the biochip make the biochip too

expirAsEricBAtRIIgk hak Pesanksesppt Glisnée M rmeatisefofoaetaation to
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PCT/SG2005/000251 3 In particular, the piezoelectric material is driven

byAréulyeinbggratetlilatechip for the detection of pathogenic bacteria has also
been reported [R Liu et. al., Anal. Chem., 2004, 76(7):1824-1831]. The
piezoelectric disc in the biochip only serves to increase the mixing efficiency
of fluids within the biochip. It also comprises electrical connections and a
printed circuit board within the chip. The presence of electrochemical 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.

20-

25

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.
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alternative voltage. The piezoelectric device of the invention comprises: a
piezoelectric material; and at least a second material in contact with the

iezoelectric material; and 5 wherein the second material has an uneven

wo o0

an opposite side to that in contact with the piez8&E2#05/000251

material. The uneven surface improves the cavitation effect. The second
material is preferably attached to the piezoelectric material. In particular,

the second material is glued or fastenedto the piezoelectric 10 material.

The uneven surface may be made according to any standard method, for
example, it may be brought about by a layer of silica beads. For example,
the layer of silica beads is attached to the surface of the second material

on &n Rpyiekies sthe tbieraeiadtntaeeiriial i grivereldtricanusacy. mosklated
silighdipatiscsnaldieve a diameter between 100 and 400 gm. 15 The

second material may be any suitable material, in particular the second
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group comprising 20 polycarbonate, poly(methyl methacrylate) (PMMA),

polfhiferRatash Wb BYfeRISZ06IFSHI M iaialp %iHPRYRIR Ry PR dnpproves
Thehpiegordgetiieffaaterial 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
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material. The uneven surface may be made according to any standard
method, for example, it may be brought about by a layer of silica beads. For
example, the layer of silica beads is attached to the surface of the second
material on an opposite side to that in contact with the piezoelectric material.
The silica beads may havé 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 chioride (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.



4 According to another aspect, the device of the invention is a cartridge.
The cartridge may further comprise an inlet port, and outlet port, and at

least one chamber. The cartridge may be used as it is or may be
WindB57#A#8d or integrated into a biochip, such as in a micRsE&R005/000251

analytical system (-TAS) or 5 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 add further comprises: - a
dissociation chamber; 10 - reagent and buffer reservoir(s); - one or more
valves; - one or more pumps; and- channels connecting the chamber,
reservo ﬁ%ﬁg ) and valve(s) The biochip device can be used for blo- sample

1a snetaeh RePRRly RAAEVIEBHHIEE AYRAULIRR S3ider The
andamnﬂg@ ﬁkwﬁbﬁ!hémsﬂ@fpﬁ@@éﬂdﬁmfpf@wt@t’rﬁiﬁ&ﬂbﬂﬁﬂ?ﬂaﬂ@%’c least one

o DBk NI P e Peboltebl 6 Ea Rigorted o
semiagratalblrm méyaohmpdsdmsdna/mmmmmoap pesiters(fleTas) or
s 4 InBoniaciiln e Biezapiselliemaletil 2ATREIN YR SURERTRs o

ayer of ead e deV| & ma
coﬂipm%ab&\&@lmeh may be microvalves. The microvalves may be
poly(dimethylsiloxane) (PDMS) membrane microvalves: The micropump

maceordpiisec amitiyiazepetie thenduvdoe ieaubeidchip device and further
poly(dimethylsiloxane) (PDMS) membrane. WO 2006/014140
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- a dissociation chamber;
10 - 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. , /s

15 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.

20 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 membrane may be a
poly(dimethylsiloxane) (PDMS) membrane. |



According to another aspect, the device may further comprise an injection
hole. The device may also be modified such that automatic pumping can
be carried out. According to one aspect, the biochip device employs
WO HH eumatic 5 actuator(s) to actuate pumps and vaREES GRRTPHS1
integrated inside the chip. The extraction/elute/PCR chamber may be
deposited with magnetic material, for example with permalloy, more in
particular, with permalloy pins. The binding and mixing chamber may
comprise beads coated with at least one linker for binding to nucleic acid
molecules. The beads may be magnetic 10 beads. The device may be
made of polymeric material.,.for example polycarbonate. The device may
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least thrge %5 layers, one or more membranes for the valves and one or
m&d i€ Rbtanes for the pumps. The first layer comprises at least the
dissociation chamber, reagent and buffer reservoir(s), the second layer
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and the channels are found at 20 the interfaces of the first and second,

and,the secopd and.thi r iQchi rther. rl .
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comprising the steps: - loading a sample and reagents; WO 2006/014140

PCHE G#1d0088a Thixing astidaiiing mpipzoeipeise meddsatouteeraiftiinat least
pleozr?ee i tgl(; {gratg%'cﬁlng {8 nucleic acid molecules. The beads may be magnetic

10 beads.
The device may be made of polymeric material, for example polycarbonate.

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
15 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

20 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;
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contact with a second material, and wherein the second material has an
uneven surface on an opposite side to that in contact with the

iezoelectric material, the uneven surface contacting the sample; 5 -
5@?3%%@1&srupted tissue and/or lysed cells; and - recoveRAd/ @08 4RS!
The uneven surface may be brought about according to any standard
method, for example, it may be brought about by a layer of silica beads.
The silica beads may have a diameter &tween 100 and 400 m. 10
According to the method of the invention, the piezoelectric material is
actuated by an external voltage source. The external voltage source may
supply sinysoidal waye voltage. The sinusoidal wave voltage may be any .
suitablé R%U@tmtadﬁ?ﬁﬁ@ﬁgﬂﬁﬂ@tﬁwawhawfatbéa?dfiéoglﬁﬂtnmr@é@nal is in
from - béftato wuﬁc?/smmewat&ﬁpg@a&-wwaﬁ%@g&h &mﬂﬁaﬁﬁqj fRs an
these ific values. The sinusoidal waye voltage has a modulating
freque]rlm%éegﬁe Sslfrr%‘ggidgpwg(}e OBRIYEm g%e%r&éim'ﬂe?mqt, Wit the
to 20kHreanelestticutateria, dhteunavenlmgiase wortaviipjiescasEapiency
modulated voltage to actuate the piezoelectric material. The biological
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and/or cell sample. The sample may be fresh or frozen tissue and/or cell

sample. ' fher aspect of the present embodiment, the
sample .ésggléﬁigé‘gﬁa%}v%%é blood cell, serum, urine, saliva or tissue.from
biopsies. According to the method of the invention, the actuation of the
oic DS BRYEThTUYEAER bt EPHbARATARsh i 2 e ansiase msthod,

tisSoe eliemptianit 2heandéobeglihyiseb MO0 G 1d0silica ﬁe?jdsf' tEhe silica
e A0 o RS A A 1B S S method of the

invention further comprise

According to the method of the inventioh, the piezoelectric material is
actuated by an external voltage source. The external voltage source may
supply sinusoidal wave voltage. The sinusoidal wave voltage may be any
suitable wave voltage, for example, it may have a peak-to-peak voltage from —
140V to +140V. However, the peak—to-beak voltage is not limited fo these
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
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
and/or cell lysis.



the steps of isolating, purifying and/or amplifying nucleic acids obtained
from the disrupted tissue and lysed cells, and recovering the nucleic
acids. The nucleic acids may be recovered from the disrupted and/or

WR AUy 5 adding beads coated with at least one link@EHPERIIREIRIAL
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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.
According to another aspect, the invention also provides a piezoelectric

10 device comprising a piezoelectric material, which is in contact with at

least a second material; and wherein the second material has an uneven
suAacerdingato pmibite sife0d, that inatbothof with thednasaeleaitit comprises

| £en the partrid
i BeisBs o MBEARC B AN B <BTRI PR RE ot Bbiging from
IA tBendlisied dicraip Mé&@@fin@g‘@déﬂféde@garmg Bm; auleis acids. The
Seﬁt@l&éVé%YﬁerH%@ e VRRICTJHo e (%ié}uﬁt%@f%‘a%ﬁﬁ s ht@%ns by

e of the cartridge device. 20 Figure 2(B) shows a driver Circuit :

5 onAIOIBGTR GO A0 G i [T A Bor A AV 16t the binding of the
|2ummm1 E1gfl.hsea%lasta mmbfmelagmh@wmﬁéhedu@mngonz ot cr),gtml 4% Qecond
t r olta ower,su
e PRt aeeh Hoh¥e R BR Y dad i dndostiere. onc
digeasteerisglnticleicoraisiaifinkesbibdbbrissgalstrom rat liver tissue, (b) from
rat heart tissue. The grid distance is 100Nm.

According to another aspect, the invention also provides 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. The
piezoelectric 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.



Figure 5 shows the average disruption time (s) vs. the tissue sample
weight 5 (mg). The disruption efficiency is in terms of the initial tissue size
disrupted by required time that is determined by optical images. Figure 6

WM& IHd Yisruption chamber temperature changes with tRf&/SEHJp@0p251

10

15

20

shows agarose gel electrophoresis result of the RNA. From left to right:
M: marker, 1: fresh tissue disrupted by homogenizer; 2 and 3: fresh 10
tissue disrupted by the miniature chamber; 4 and 5: frozen tissue
disrupted by the miniature chamber. 18S and 28S show the position of the
18S and 28S ribosomal RNAs respectively. Figure 8(A) shows agarose
gel results for the RT-PCR product of the TP53 gene extracted from fresh

gsﬁiwm#&@mﬂsqm.gmmww/?ﬁmﬁéﬁlﬁ\@éﬁ@igo”hltg&%taining
| . r ortes \\VI S, .
eras o o AR e BB PR Rl b cistance

Fidsirt9a8hows a schematic structure of the biochip device. Figure 11A
shows the structure of a biochip device comprising three layers. 20 The

figHr@wbcswml \lmﬂiwhdm*a@é' g8 mt;aie/i@yﬁ@é ‘ﬂﬁ% r@@ﬁf#@élﬁ&@@eight
va channel and.chamber connectjon. Figure 11, ows the structure

ot e st R e RS taon e Wil e S aiarivied by
lorgtiutishiieedbe) iedeterainethbipopieabiisegsation chamber, pump,

valve, channel and chamber connection. PCT/SG2005/000251 Received
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chamber of Figure 11B, wherein the dissociation chamber has no sample

ins,igbq"e 7 shows agarose gel electrophoresis result of the RNA. From left fo
right: M: marker, 1: fresh tissue disrupted by homogenizer; 2 and 3: fresh
tissue disrupted by the miniature chamber; 4 and 5: frozen tissue disrupted by
the miniature chamber. 18S and 28S show the position of the 18S and 28S
ribosomal 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 mRNA in our
test is 1176 bps. Fig 8(B) shows the same result for the shortest cDNA with
360 bps, B-microglobulin.’ | j

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.
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Figure 12B shows a detalled view of the dissociation chamber of Figure

11B, wherein the dissociation chamber has a bio-sample and soluf§aL/SG2005/000251
inside. 5 Figures 13 (A), (B) show experimental results of the flowR&gsiyed 31 May 2006
driving frequency and the flow rate vs. pump head. (A) operating

frequency (Hz); (B) pump head. Figure 14 shows the flow rate against

pressure of the microvalve when it is open. 10 Detailed description of the

invention The present invention providés devices, for example, a cartridge

and/or biochip device, for the efficient treatment of biological samples,

like culture cell, whole blood cell, serum, urine, saliva, tissue and tissue

from biopsies, 15 which can be used as the raw sample for preparjng the

Rigsiracladushawmpleetailer xiewuAfidbeptipsasiation chambenotfiguts 118,
VSRR S8 S8y IGa R HP\%HHB@F‘%% 6 farinelpbideseful for the

treatment of tissue samples with a wide range of size, which need to be

di d bef he 20 I
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cavitation [Liu R. H., et al., Anal. Chem., 2003 75:1911-1917; and Liu

002, 2 3 151- S i
T A N T L
fdeqma:qfahd l:meafhuwramwmspmmmws(ﬁdrctpem%gﬂmugy%)(Uz) (B)

cultur% #whole blood cell, serum, urine, saliva. Amended Sheet
WO 2006/014140 PCT/SG2005/000251 10

Figure 14 shows the flow rate against pressure of the microvalve when it is
open.

Detailed description of the invention

The present invention provides devices, for example, a cartridge and/or
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), 151-1 57]. The
devices of the invention allow simultaneous tissue disruption and cell Iysis.

However, the devices of the invention can also be used just for the treatment

(lysis) of culture cell, whole blood cell, serum, urine, saliva.

Amended Sheet
TPEA/ATT
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According to one embodiment, the devices of the invention are
disposable. Accordingly, the devices of the invention are inexpensive and

articularly suitable for mono-use (disposable) applications. According to
Y UEH8Ct, the invention provides a device for sample ti€§TEG2005/000251

disruption and/or cell lysis comprising a piezoelectric device. The
piezoelectric device of the invention comprises: a piezoelectric material;
and at least a second material in contagf with the piezoelectric material;
and wherein the second material has an uneven surface on an opposite
side to that which is in contact with the piezoelectric material. The uneven
surface 10 improves the cavitation effect. According to another aspect,

the\dewidingfttheevenitaimentattidgeislss orteredvartioshife disposable.

capri comprising the piezoglectric device for sample tissue djsruption
ané?c%g&%e}n%?)éig.hfhé‘g%\g? ndé%or%gy' i ﬁﬁ@?@oﬁﬁrig‘éeg%emfé\fepﬁﬂé aﬂéﬁ'cma”y
ousditaginefemienaedss Glispasahibpappheatianadge further 15 comprises -
a chamber where the tissue disruption and/or cell lysis is carried out. The

gaﬂtw@e_ h iﬁ%tbb@_m%e@a@e&ti.smié ma?frm%ﬂrﬁﬂfm@éeg %Masq?ﬁtbegm'af@ fissue
iochip, such as, in a micrp total analytical system (- or a lab-on- ‘
a-ﬁﬁb‘*%?&{éﬁﬂ‘f{?ba?ﬁr M?é?,%ﬂ@@é?%&&@%ﬂéﬁﬁé@ﬁ?@&'f?a disposable
cartridge. 20 According to another aspect, the device is a biochip device.
Actrdriraoetretie veries elctheyivestianipssarriprs: e lpiereotnsttsanaterial;
(P10 ASSsOaI¢REIHQ ﬁ@f@rﬁaﬁrb@éht%@mﬂﬁﬂ@%i@%é}%ﬂ%iﬁ%@ﬁal; and

fresa frozen tissue disruption gnd/or cell lysis. Embodiments of the =~
oS-I AR [POIRIELE% A YRRt AU B OD5RBogBPoste side to

urtiatstdochbis referentzetavitie theuptszodliettrirenpatide die wane@dn surface
illqﬁﬁ%i\g& d@'&ﬂt&%&”&ﬁé@&" to be limiting of the present invention.

Further, with reference to the' method of treating a biological sample by

According to another aspect, the device df the invention is a cartridge (also
referred to biochip cartridge) comprising the piezoelectric device 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
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PCT/SG2005/000251 Received 31 May 2006 11 actuating the PZT

devi(;e using an external squrce, the method can be applied to boBESG2005/000251 -
cartridge and the biochip device of the invention. Cartridge 5 FigRezdifeis31 May 2006

an exposed view of the cartridge of the invention. A longitudinal
(cross)-sectional view of the cartridge is shown in Figure 16. Figure 2 is a
photograph of-a prototype of the cartridge of Fig.1. It has an outer
plimension of 25mm by 25mm by 6nith. However, the cartridge of the
invention is not 10 limited to these dimensions. A skilled person in the art
would be able to choose the dimensions according to the specific use of
the cartridge. As shown in Figures 1, 2, and 9, the cartridge and/or biochip

actieatirgdhth @ Zveeion issingapeeaterna srurve daumebivgerededapplied

i RRHY SReaad AR e st 1IR3 THG G RRARSIESS an inlet port
or the Input of brological sample and reagents. Figure 1 shows an inlet
fabricated on the sidewall of the chamber of the cartridge. However, it will

Cg'et qugrstood by a skilled person that any known manner of fabricating
A may be used. The cartridge is provided with sealing means for
sealing the inlet port after the required biological 20 sample and/or

reagents have been introduced. Figure 1 shows a set-screw (sealing nut).
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limited to these dimensions. A skilled person in the art would be able to

choose the dimensions according to the specific use of the cartridge.

As shown in Figures 1, 2, and 9, the cartridge and/or biochip device of the
invention is transparent, so that the disruption process can be easily observed
and verified. '

The cartridge comprises an inlet port for the input of 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 sealing 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
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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
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PCT/8G2005/000251 12 apparent to any skilled person that the outlet
port can be fabricated and/or applied to the cartridge according to any
method known in the art. The cartridgeqeomprises a piezoelectric material
In contact with a second material, wherein the second material has an
uneven surface on an opposite 5 side to that in contact with the

piezoelectric material. In particular, the piezoelectric material is attached

to #npaesdia antesidies pemgraiiatdnametieicpod kaowreifahdcatedraed/or
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polypropylene, polystyrene an .
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registanRaiaterer to endure the bending of the piezoelectric material

when the piezoelectric material is actuated. In particular, the second
mdlesiaddmmd Yeatags raddubes dnynsoitabépnesseating forpexamsipleera metal,
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or for a structure of any shape, of a given mater
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copper and aluminium. The second material can be any suitable polymer, for
example, selected from a group consisting of polycarbonate, poly(methyl
methacrylate) (PMMA), polyethylene, polypropylene, polystyrene and poly
vinyl chloride (PVC). It is important 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



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

WL Hihterial may be glued together by means of electPERSETAGIYR

glue. The 25 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 withzthe 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 WO 2006/014140
PCT/SG2005/000251 13 uneven surface. According to another approach,
theinexsrersstffaee Aetoadight banddyes |approdshljcdhse anevEhe silitre is
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coyered with a thin layer of glue. Silica beads are then placed 10 on the
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diameter PZT disc (PXES from PI_—IILIF{SIM% is then glued onto the other
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redlangiéarPanddiscoliP XS featr gt (RS Ypisntitenafiasy sutiale other side
m%]fetﬂ%l bfr %S)éﬁgﬂptlc?’act as an actuator. However, it will be evident to a skilled
person that the PZT is not limited to the shape of a disc, but can be a rod, a
bar, or any other structure having a planar shape with at least 3 sides, for
15  example, having a planar shape of a triangle, square, rectangular, and so on.

The cariridge can be made of any suitable\ material, for example,
polycarbonate. Polycarbonate may be used to fabricate the cartridge '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
20- 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 165l

The piezoelectric material is actuated by an external voltage source.
25  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



polycarbonate. Polycarbonate may be used to fabricate the cartridge 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
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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 Figu§gs 1 and 2 is about 1651LI. The
piezoelectric material is actuated by an external voltage source. 25
Accordingly, the PZT material provides a means of actuation, for example,
two electrodes connected to the external voltage source. When the
sduonelectadizg iwvill nistakanrediedtrodéheill R&Tcomateriat! td ke iREANs for
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However, when the second materl is @ non-conductive eria
odmikerRatiiigethen the WO 2006/014140 PCTISG2005/000251 14
two electrodes will be connected to the PZT material. The means for
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The disruption and lysis may be carried out within 5-40 seconds, depending
on the type of biosample.

As mentioned above, Liu R.H., et al.,, Anal. Chem., 2004, 76:1824-1831,
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 techniq'ue.
On the contrary, the PZT material of the cartridge and biochip device of the
bresent 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 o generate éavitation, 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, V;

- adjustable fundamental, mean frequency, fy;

- adjustable oscillating frequency component, Af,.



on the type of biosample. As mentioned above, Liu R.H., at at., Anal.
Chem., 2004, 76:1824-1831, 15 discloses a fully integrated biochip
comprising a PZT disc to enhance the mixing and binding of target

WML 1S inoculated in blood with immunomagnetic cBpHiE21848Es!
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by means of the microstreaming technique. On the contrary, the PZT
material of the cartridge and biochip device of the present invention is
used for a totally different purpose. In §w present 20 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
cohtiawsaillgticigainging fiyeempyndhid spesidicatdodef chittirdrotestgivanying at
ar f \ 3 i W0 -
A G R D
frequency componeft=dio - Wosdesb14140WETeS@ 26085000291 15
The oscillating frequency component is designed to be continuously
varying at 3.3Hz. This means the instantaneous driving frequency is
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piezoelectric material vibrates most vigorously. 10 The circuit topology Is
defiRrrtas merfug g o¥pl-output waveform at various

The circuit topology is depicted in Figure 3. The output waveform ét various
stages and its symbol are also shown.

Figures 2(A) and 2(B) display 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



stages and its symbol are also shown. Figures 2(A) and 2(B) display a
prototype of a miniature cartridge and driver circuit chassis, respectively.

WIn a preferred embodiment, when driving the 15 cavitation cartridge, the
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is adjusted to 6.1 kHz and verified via an oscilloscope in FFT mode. Afo

is then set to 600Hz. The piezoelectric material is thus driven at

frequency between 5.6kHz and 6.6kHz.4¢0' 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)
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ca ' i N i and/or biochip device of
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inVeEPbRS AfeAotupting ideal B Tphy farahyinsatyaried ey freapigimy.a variable
‘(modulated) frequency. Using a variable 5 frequency to drive the PZT
material, low heatéﬁ roduced due to shorter disruption time and also an
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temperature rose from room temperature of 25°C to a maximum of 66 °C. As
the disruption of the tissue and/or lysis of cells can be carried out in 5-40
seconds in the cartridge and/or biochip device of the invention, the rise of
temperature is maintained between 25-45°C.

After the step of disruption of tissues and/or cell lysis, further steps mayﬁ 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 fo the beads. For binding of the nucleic
acids to the beads-linke}' or to the immunomagnetic capture beads, the PZT
material can be actuated and used for improving the mixing and binding as



10 Figure 6 shows the disruption temperature rise in the cartridge and/or
biochip device of the invention, measured by inserting a k type

thermocouple and read out by a digital reader. Without any additional
W8&8ﬂﬂ&‘,4ﬂ4§chamber temperature rose from room temper3fé e09BHR51

a maximum of 66 C. As the disruption of the tissue and/or lysis of cells

can be carried out in 5-40 15 seconds in the cartridge and/or biochip

device of the invention, the rise of tempgyature is maintained between
25-45C. After the step of disruption of tissues and/or cell lysis, further

steps may be carried out in the cartridge of the invention for the

purification, Isolation and 20 detection of the analyte of interest. The
analgseritey! be ribeleid afidethprotitiasioatieriacidrummphiggnm ndtrr-PCR,
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to the immunomagnetic capture beads, the PZT 30 material can be :
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10 The idog, ' ON0=1IS vice, which can be
L A B R
bio%l&ﬁgp for insertion into a biochip. For example, the cartridge of the invention
can be adapted to be inserted into the device of Figure 9, more in particular

inside the dissociation chamber.

The cartridge, for example, can be inserted or integrated into a biochip like a

15 micro fotal analytical system (p-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 wﬁole
process less prone to contamination. ‘

Accordingly, the invention also provides a method of disrupting tissue and/or
20  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
25 piezoelectric material, the uneven surface contacting the sample:

- obtaining disrupted tissue and/or lysed cells; and
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tissues. However, the cartridge of the invention can also be adapted to be
inserted into an existing biochip device known in the art. It will be evident
to any skilled person how to adapt or modify the cartridge shown in
?\é)é“i“gnd 2, for 10 example by adapting the inlet and 8GHSPBHIL0851
make the cartridge more suitable for insertion into a biochip. For example,
the cartridge of the invention can be adapted to be inserted into the
device of Figure 9, more in particular ingide the dissociation chamber.
The cartridge, for example, can be inserted or integrated into a biochip like
a 15 micro total analytical system (p-TAS) or a lab-on-a-chip system. The
advantage is that after use, the cartridge can be discarded and a new
disposabifseegtiidhthésshistieted into the biochip. This makes the whole
process less prone to contamination. Accordingly, the invention also
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un ite side tin.contact withthe 25 -
piegé\g%%gﬁﬁﬁ%%%?ﬁ?gﬂﬁggﬁ%& é(tb:ecé]fn aec\{%ral;ﬁ'éogg e\{o_lts. It will be
obtaYifRptdR B tklak nessandiothesadt deiv; tanchae 85 /itHbI voltage. In
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act ag_e%%& an external voltage source. The external voltage
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from 1.0kHz to 20kHz. In particular, the scanning frequency is from 3.0kHz
and 8.0kHz. More in particular, from 5.6kHz to 6.6kHz. Even more in
particular, the scanning frequency is 3.3kHz.

As mentioned above, the PZT material is preferably actuated by a variable
(modulated) frequency. Using a variable (modulated) frequency to drivé the
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.

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.

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



5 voltage may be applied, this can also be of several thousand volts. It will
be evident to a skilled person in the art how to choose the suitable

voltage. In particular, the sinusoidal wave voltage has a peak-to-peak
WQ&P{%\%&%@% -300 to +300V, more in particular from-180 t&&H¥@RP05/000251

preferably from -140V to +140V. The sinusoidal wave voltage has a
scanning frequency, which may be 10 from 1.0kHz to 20kHz. In particular,
the scanning frequency is from 3.0kHz 4@nd 8.0kHz. More in patrticular,
from 5.6kHz to 6.6kHz. Even more in particular, the scanning frequency is
3.3kHz. As mentioned above, the PZT material is preferably actuated by a
variable (modulated) frequency. Using a variable (modulated) frequency
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may be preloaded with buffer.

According to a further embodiment, the invention provides a biochip
comprising:

- a dissociation chamber;
15 - reagent and buffer réservoir(s);
- one or more valves;
- onhe or more pumpé; and
- channels;

and with the proviso that there are no electrical connecﬁoné integrated within
20  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.



adding beads coated with at least one linker, and recovering nucleic acids
linked to the beads. The beads may be magnetic beads. The nucleic acids
be recovered by means of an external electromagnet field or

ma
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nucleic acids may be carried out by actuating the piezoelectric material to
increase the mixing and binding efficiency. The recovered nucleic
molecules are DNA, RNA and/or mRN#& The amount of tissue sample
loaded into the cartridge and/or biochip device 10 of the invention is
between 0.1 mg to 100 mg. Also, the dissociation chamber may be
preloaded with buffer. According to a further embodiment, the invention

pré\igesingiteapotnn asere: thedisdetmnanychiarhesrcdfiprieagentiajedtion
buffglerenesv@iR s map%bra@r%em@a:smetﬂémt%ﬁa%mg@gg can be

channels; and with the proviso that there are no electrical con
intE3AdPHithin 20 the biochip. The dissociation chamber may also be
referred to as the disruption chamber. The biochip comprises one or more
pufiipexampleief the hiapips(alsmindipated a4/BiQI06/6avitdD according to the

PGrivetdA0R/ Qe _i@%@r@ﬂ%@u@wﬁ%ésﬁ%?&fﬁhlﬁjed%%Yé ° FRigure 9

further comprise an injection hole. The device may also'be modified SUEH

th & EEONTARPFSRTHIRG BEN BisSearried out.
The biochip of the invention may be made of any material suitable for a
disposable biochip device. For example, a polymeric material. The polymeric
material may be polycarbonate. The biochip device is conveniently
transparent so as to be able fo 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 pért 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 fayers. 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.
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An example of the biochip (also indicated as biochip device) according to
the 5 invention is shown in Figure 9. However, the biochip device of
Figure 9 already comprises the PZT discs. The biochip of the invention
%gg?%%lﬂ%?de of any material suitable for a disposable bioBAFSGEWEA e
example, a polymeric material. The polymeric material may be
polycarbonate. The biochip device is conveniently 10 transparent so as to
be able to observe and verify the varioys; 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.

COM\/m'éhuiérwhﬁéné@;éagecdnememntr_tegm@n,cibymwmnmm$WMpgses
m%Béﬁe%%rl%ﬁefmgé%ﬂ%@n?&wwgv@,séﬁ?g%g?%gm@djmqgéegrt would

known jn the %art. However, the cover layer is main as a

re Sﬁ{ﬂ%t%m!‘?ﬁ‘éoﬁ#‘féﬁﬁ%s»darﬁam%@;m@&sf%@%%@@ti@ﬂsition of the
chasobeseteagitm ahd delfizeleativein@uianshalbofe) IRls: tHBerform the
seggﬂ_%lﬁyl%t%%mprises at least the piezoelectric 20 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

whERSithird JaKessTaaY fiithes senmprisrdnasns inkashatingvibenvilees and
sepanthbanthtipsetiavars tivsiived. se ey GRRpRIXTed RickhEonnect 1o a

interfgce btetween the sér%o%d %r#i third layers, as well as between the first
25PAi5e g@c'gnstﬂgﬁglig 23 pvﬂll‘éei)sfurther comprise a cover to put

over the first layer. The cover helps in preventing the liquids in the device

frof ifmE oAt eairimurg of thadipghividevistopamiee 2006/0LAMes 11A
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and third layers comglrises
reservoir,” pump, valve, channel and chamber connection, while Figure 11B

shows a different longitudinal (cross)-sectional view for the dissociation
chamber, pump, valve, channel and chamber connection.

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



recesses for the valves and pumps. However, a person skilled in the art
would be able to make modifications, in particular with respect to the
osition of the recesses within the device, which would enable the device

W2 BEHdH%he 5 same function. The third layer may furthePEHf{p&g000251

means of actuating the valves and pumps. In particular, the third layer
may comprise vias which connect to a pneumatic source to actuate the
valves. An example of the structure of the biochip device can be seen in
Figures 11A 10 and 11B. Figure 11A show the longitudinal
(cross)-sectional view for the reservoir, pump, valve, channel and
chamber connection, while Figure 11B shows a different longitudinal

(crisdyayedtis sive tevihe differanidooaitisind{sriss)-sratipnsbwiews rafenedd to

anfh GRm BRLRLNQEHER)- Fijerdsst oy %h@onBr@ﬁ%mﬁﬂséﬂg?g{]QPvie of the
chgmber, and the reagent reservair. 15 It further comprises of € anneg
ro%@ﬁq‘ﬂﬂa‘lﬁ%g g@%oW'mtéﬁM?p RHgEESel - through the interface

of the first and second layers. The channels are further routed through

thd Bedypehiaydavies may taisa koreprisesaliseromchehamieynihisidiyiheemixing
5 Un#qwinkifidlipanisdreasy NGSERsAE A0k, QSR

ma furthe?gomprise a binding and mixing cham(ﬂ)‘e?r%. %%%%mﬁ pr'ggf/g% and

alddtmPHsE carEiinglyy tin inehircde dra pbibie iyention mavcaleptsamprise

the biecbimicPIPrinatsAargevaiisaid copbambatindhse Sssidaxefievdian the
Fi .11 B shows a hiochip comprising a reservoir and a chamber. The
‘ch%ﬁ'ﬁq%é?rag §r’r’i§'?8’ i‘r%ﬂéb%’s 11A and 11B is the 25

extraction/elute/PCR chamber. In both these figures, the mixing and

bildR gt ipashiues iAversh &imvalverad misreriunemermbranasragdrthe cover

10 1layandnky Be intRidoH R rMHSRIEREaRYYaVRY tHa QHEHRMGS (R RBope of
Cotﬁ‘é’ %T‘ggé%toifntvhe%’}{gg %\%%g/rg%ndélfg aﬁn%yer%%%%%/t? tgeszi%vention provides a

kit comprising the at least three layers, the cover and optionally the
membranes for the valves and pumps, and further one or more PZT material.

The kit may also comprise the cover. The layers, membranes, and PZT

15 material(s) can be jointed or assembled together before use. The joint or -
assembling can be carried out by using releasable fastening means known in

the art. In alternative, the layers can be glued together or fused togefher

according to know methodologies or technologies.

As mentioned above, the second material may be any suitable material to

20 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

25 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 viny! chloride (PVC).
However, other known polymers may also be used.



22 first layer is due to the different longitudinal (cross)-sectional views
referred to in each figure. Further, Figures 12A and 128 shows an
enlarged view of the dissociation chamber within the biochip of Figure 11.

WORLEIEHD device may also comprise a second chamber R&RIEH703#80251

mixing 5 and binding chamber (also indicated as "reservoir”), as shown in
Figure 9 and Figure 10. Accordingly, the biochip device of the Invention

may also comprise a second PZT matggal (always in contact with a

second material) in the binding and mixing chamber. The at least three
layers, the valve and micropump membranes and the cover 10 layer may
be_made or purchased separately, and they are within the scope of the
pradEnPRTBALBAtIR sha favearbHavasstTane, whighitnip conthst with the

kit onmsiing/diecaliicant ;s@fﬁ@d@v,efﬁetbﬁés@fewﬁwﬁ@%wéﬁ?about by a

m mbrar}es for hegalxﬁ%a@d lﬁmé)‘f and fErther one or more PZT
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and0BZTni.5Hoatevied(sheashfajeinse drer ssserplen:tegiainer befesgtUsfh the
leasable fastening

The joint or assembling can be.carried out by using re
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fused together according to know methodologies or technologies. As

mehgoRéd Siaiesalinaay-kein aneHiahimiona.ofer smamienmdismined 2o bar

- previdepusnestiayiipLEianncéatpbiniienashdtitogyagnding during

10

15

20

25

actuation. Accordingly, the second material has a Young's modulus of

b Pa, ial b tal, a,polymer,
ot o el el SR R RN ke g uree.

of Ageridiagln dke BEEImsHesial essbihesrranshinateniaHoovepdsestveans, for
Mesdengie Ay ARRSIssedor Betaliy ahBeetalmeanae solesiefid ¥Weond
T ey B R R L e e e R aeteral and
the second electrode, to the second material. However, when the second
material is a non-conductive material, like a polymer material, then both the
two electrodes will be connected 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 removablé 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 iﬁ 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



polyethylene, polypropylene, polystyrene and poly vinyl chloride (PVC).
However, other known polymers may also be used. WO 2006/014140
PCT/SC2005/000251 23 The second material may have an uneven

WYL Hifhich is in contact with the sample and/or cells. IR GROIEI00REL
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uneven surface is brought about by a layer of silica beads. The silica

beads may have a diameter between 100 and 400 m. However, the

surface of the second material in contaat with the 5 biological sample in

the dissociating chamber may also have an even surface. The PZT

material may be in any suitable form, for example, a disc, rod or bar or a
structure having a planar shape with at least 3 sides. The PZT material
neRIatie fnueredsiprlieeteeNHnvanRd/erscompressedraindly, astua@gTthe
MatRShahmd the second material comprises means, for 10 example two
electrodes, for actuating the PZT material. When the second material is a
metal, one electrade will he connected to the PZT material and the .
se%%na%e ggtré%e%d%u{ﬁg :gcgﬂ %%te%a : %S’&v'ék?erfnﬁﬁeﬁl{ﬁé%e%%%’ rise an
mamiestiendetide/O6iRiuchambantelha, BktracholyielotaiRi&ialhansivebothey be

tlhsseae;ei@a‘wmep%vmm@ycame?%ﬁdesaénﬁa%&ﬂ%ma ewﬁérge@é‘a{ﬁched

connections or electrodes applied to the PZT material will prefera
ncﬁ%%wiHﬂég‘?ﬁ?éﬂ%fdﬂk@‘i%ﬁfﬁo@@?FBMW*MBM@ pinkgsind to

othey aneans (for eranprdian aanisie dsesied into the biochip device to
connect the external. voltage source and the PZT material. The means

foﬁﬁgngr\ﬁlﬁﬂ?%g?ﬂy %iﬁ%‘@%g@%géﬁgﬁgeﬁé?&@g?m’%‘?r?nater{al in

microvalves."Membranes made O ita mater nown in the art
areoplact wVithtifesRAcah prataiipd. iImsdeeiaeahases the miknroQoddirding.

Pretefrbly theadmalierhHdimsiRy shaxans) R MShpHe Keisievalesaitth at

actuated b external pneumatic source. The external
?east ong ﬁlr“(er ?or %irecr(}ng to nucleLilc acid molecules, or immunomagnetic

capture beads. Beads coated with at least one linker for binding to nucleic

acid molecules may be magnetic 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 they 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.



pneumatic source supplies vacuum and/or compressed air to actuate the
25 microvalves. The biochip of the invention further comprises a
membrane for a micropump. The micropump membrane may be made of

WESS U HethyIsiloxane) (PDMS). The micropump is actuatd@§ B Ga0s/0002s1
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external pneumatic source. The external WO 2006/014140
PCT/SG2005/000251 24 pneumatic source supplies vacuum and/or
compressed air to actuate the micropuep. As shown in Figures 9 and 10,
the biochip may further comprise an extraction/elute/PCR chamber. The
extraction/elute/PCR chamber may be 5 deposited with permalloy pins.
An external,elegtromagnet may be attached below the chamber in order to

attARCRRNIMGIUTE BlatRagntty BrevigiRrisdrintantfigtergapestiva grRsqp/oirs
nueleic ciedshershedindirgardvivsing 08aa0eT fiBaME YBRHE, WEIhRlg from

PZT material in. contact with a second material in order to enhance the
S D RIS, S LR SR R FNAIRARS ETEIAREraAgh 700l to
corf(Biseob&RIS botfed AVt negtstianedisar WitHpsIndage-u4clgie@tisted to
molecules, or, immunomagnetic capture heads. Beads coated with at )
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bedigéntepeatsiodhip ssmpleriithicobipsseoniter Celtpondmtstiseie sample are
bi 7 icroarr [ 5 intggrated into
e B e Qe hed an
mithEgDIRIPRUME Sufitehedmidithe disseciated firigaisahealetingneoniaining
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manijiiuilatRET aeieTiaratat adngotefonikisguefficiency. When the magnetic
beads (coated with Oligo cﬂ") are mixed with the lysate tissue solution, the
mRNA is captured by Oligo dT and binds to the magnetic beads’ surface.
Valves V3, V4, V5 are ‘opened and micropumping is carried out
instantaneously to move the magnetic beads to the extraction and PCR
chamber for elution. 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



dissociation and a PZT actuated reservoir for bead-mRNA binding; and
four reservoirs for storage of Washing buffer A, Washing buffer S,
Elute/RT-PCR reagent and product (RNA, mRNA or cDNA, depending on
WO EAts). mRNA extraction and PCR are performed FfSi&2005/000251
micro-chamber deposited 25 with magnetic material, for example with
permalloy, more in particular, with permalloy pins. An electromagnet may
be positioned below the chamber. Figuge 9 is a photograph of the
prototype device. The pump and valves for manipulating fluidics are
actuated by an external pneumatic source. WO 2006/014140
PCT/SG2005/000251 25 As seen in Figure 10, reagents are preloaded
intd (feiPiREepRER EsR éntbRdiashincHavmsanst tiraaralaievficieat medsure to
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forw@mwﬁﬁmemmmwammi@dﬁwlﬁwgm WA/ diffuser
se the ample. mplete ed at the same | . |
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matetiatto Em?{emﬁ’uﬁi iniHep Hicignpyahinternatienahyeetrhora MEMS,
(cotaed, WididelhgegdSeraiarprea3nigBihg. lysate tissue solution, the
MRNA is captured by Oligo dT and binds to the magnetic beads' surface.
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instantaneously to move the magnetic beads to the extraction an

chifh iR fRmRNe R cRERSEs 8RS aliffesRffariatine apnd thiehiieetoftrance. The

micopmoreysicn estionsfaemmangsr time so that the reagents inside the
binding
s = (AV +Vo)Vy

Here, AV is the stroke volume and Vj 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 Inthe 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



chamber can pass through the extraction/PCR chamber a few times to
ensure that almost all the beads are recovered into the extraction/PCR 20
mber. When valve V3 closes, the binding reservoir is used for the
t%’r“é@é““? waste materials and chemicals. After the bead$ hRv&E1IExPo251
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,oalve V8 is opened and elution
buffer or PCR 25 reagent is pumped to the extraction/PCR chamber for

* mMRNA elution or PCR amplification. The processing time from tissue
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loading to MRNA elution will take about 15 minutes (PCR thermal cycling
is RANIRRRJ RSBl thighneomprssiann retiomenahlgsirifiytngnicropump  fo
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compression ratio IS das:e=(A
achieved. The flow rate is not sensitive to the pumping media viscosity, outlet

and inlet pressure.

The external pneumatic 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



Here, AV is the stroke volume and Vo 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,

WO hory alloys, electrostatic actuators and thereto-PRESHER000251

actuators have been used as actuating micropumps. These pumps

require complicated fabrication processes, but generate only limited 20

flow rate and relatively low pressure si@8e 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

toq costly for disposable applications like the biochip device of the present
invEh{iol?r 28 RPte dagiih BRRMEiICRRMPERGahveiREm, ikpes is obtained
maied gk whéciakers cute théomaaiel modulus (20Mpa), high elongation,
biocompatibility and good sealing property was selected as the actuator
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hoosipgispaessush@hmpsiegsl) The PDMS membrane, the upper and lower
pump housings form an airtight pump chamber. Compressed air and
vacuum are applied to actuate the micropump, The depth of the

micropump chamber in the upper pump housing and lower pump housing
mﬁ‘f;évgz%fm% |§WHﬁf§cﬂ1e deflection of 10 the PDMS actuation

10 membrane; hence the, precise stroke volume can be achieved. The flow
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ralgSHGt SRRELIVEIM SRR MR MSEER S8R SR microvalve. Micro
check valves and micro active valves made from silicon material and polymer
material have been reported. Although the check valve is simple in design, 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 to 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.

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

Muttifunction chamber for mRNA extraction/PCR/elute



and inlet pressure. The external pneumatic source is connected to the
bottom of the biochip device to actuate the pump. The inlet and outlet
holes are formed in the 15 connection layer and they communicate with
ViR dhannels that are located in the reservoir layer. BENE§805600251
photo definable and cannot be photo-lithographically patterned. In
addition, it cannot be spun coated to achieve uniform thickness.
Therefore, the PDMS membranes in od@device are moulded by a micro
mould, A.two 20 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

plaviagnistic biveeparaticierinaNidPhabBdepoRsideied ULBER Jry promising
buEblﬁgitrua%)ped within the PDMS xtljj;e. Onfﬁst/here are_no visible air
bubtIeL AR P TIORS RS RTR) YSIE RIS Plos Al SHeRaRtiop echninyss. Its

of dulyamnbdade Vidhilts reaseairingrognilationitbf thipravléaokesT ke iDANRNA and

th nbran me thickness. he th of the
e e o e R A e S b ece
5 paresEedderooBhs extsaption. fbhahaasisrarimidund RBMS imdimbriee of

uniform thickness is obtained and can be taken out of the mould. A

standalone pump is fabricated and characterized before integration into
th@%@hﬁﬁ%@%‘&v mWashing ad BLEhapsessinguarienaindbelmultifvestion

USHIGrABEAIST AYSReaBTREOQI e fiatdh Bl saS RHIANNRR DA ATde (from
W3§ (#(l]gved. I fl% raSe,w s linear to the actuation frequency and

in e@e uiipat My \%ﬁrﬂ p'?egiﬁ?ﬁéj (BLHP PRI Pridhe GRSt higniniature

10 guedecide dfagnet is placed below the chamber to generate a magnetic field.

When a DC current drives the electric magnet, the magnetic field will attract the

beads and ensure that they remain in the chamber. When the electric magnet

is driven by an alternative current, with frequency of 22kHz, edged current is

induced in the metal plate and they generate heat 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.



Another critical component in the biochip device is the microvalve. Micro
check valves and micro active valves made from silicon material and

I terial h b : ted. Although the check valve is simple
W&%ggler material have been reporte g p
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4t *ts inherent limitation such as a one-direction fIRf TiifR4{E000251
usage. Moreover, in 15 built micro actuator active microvalves are too
expansive to be used for disposable biochip application. In the biochip of
the invention, similar to our micropump &ructure, a simple PDMS
membrane microvalve for fluid guidance has been designed. The
microvalve is actuated by an external pneumatic source similar to that
usﬂ}in 20 the micropump of the present invention. The valve is
co

FLREHAY tRE A HAERGIdRady&T onateristhctigsurtingetier tisswe and/or lysis
cothmuslsabipmdtuatiorobpanaais lecaieeiting "esRNRIIYeE e same as

flexthili % e, PDMS membrane makes the valve functional at -0.1 atm
prﬁsméu?égl r@?(ﬂigl Sely 868%881?&@?8&%%%49% closed. Figure
14fhows its flow 25 rate against the inlet pressure. Multifunction

ch

Hib&HF6RIRFIM S PAEIRIFPE RIeARe WO TR 140 PZT material, for
P @HERIE0MA0SREHoA8NMRINRIEHP RN IIOPIEH BEE s are
llaple

copsidered.to be a very promising technique among several ava
e R B R TR SE0RG i Ahesfe Aacbage & the mixing and
m&gingtigraoibisio eathdBES fieteblAl AaR b ansttfaBaEA. In the biochip

device, Dynal Beads coated with Oligo(dT) on its surface 5 are used for

MR axtiatiinn of hdengsRIBRY %%ﬁ&ﬁ@r@%ﬁ%{@R '(\j{%%act and

extracting, washing apd PCR processing are done in _
ch%a%ﬁ%tﬁ&vgojﬁm&égﬂ%dbﬁ E\Sﬁﬁaﬁ'ara{%'%afémﬁﬁmmﬂn got/enidell lysis
(froocuP 2% At Samatidicbiaheng). is placed at the bottom of the chamber. A
miniature 10 electric magnet is placed below the chamber to generate a

mgBIifEioaded is usually between 0.1 mg to 100 mg. The sample may be
tissue from animal, human, plant, or bacterial andfor virus sample. The
sample may be fresh or frozen tissue sample. The sample may be cultivated
cell, whole 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.



When a DC current drives the electric magnet, the magnetic field will
attract the beads and ensure that they remain in the chamber. When the
electric magnet is driven by an alternative current, with frequency of

WOeP218d8ed current is induced in the metal plate and th&§ HEFaYA00251
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heat for PCR amplification. 15 Heating rate of 16C/s and cooling rate of
9.6 C/s are achieved. This non- contact heating method separates the
heating component (the electric magne3} 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

samfidsolatiRmiRy HiGatopeandios marliisationertemdnybelsetied out in a
Mateiiabisr ias et WikiguREC O AE A2 AuQBigiRlsds e RiBGvered by
tissue and/gr%%%% cegg; et?dg recoveiri%% eluate. WO 2006/014140
PCTTEE28b8 36281255 PHE IMAHBE of BB IBHRYAIRS PRFiRig Etpipcules are
disatigtiiNAcatisborenaiRAr lysis the cells by actuation by means of an
external voltage source is the same as that described above in the

me@md@h@ﬁr@eﬂaﬁa}@rm@wib&&mmﬂé}w@eﬁE%E%Bﬁﬁg%ﬁtﬁb%a%%rreaduy

actuating the PZT materjal, for 5 example, two electrodes as indicated
RS TSYRRS, KiTaueb T eieneada e taloing exameles. whigh are provided

digyoeiationfctiasttatioancaodedretheminiagdend toindnghatiager teadtesent
P%gﬁt&gial has two electrodes. The actuation of the piezoelectric

material generates strong impact and cavitation to bring about the tissue
disruption. The disruption and/or cell lysis 10 occur in a dissociation
chamber.

Examples

The following example 1 was carried out on the cartridge (ex. Figures 1, 2),
however, it is applicable 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 100u! 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



The sample loaded is usually between 0.1 mg to 100 mg. The sample

may be tissue from animal, human, plant, or bacterial andfor virus

sample. The sample may be fresh or frozen tissue sample. The sample
WHHYYEdtivated cell, whole blood cell, serum, urine, salif§ B Gx85E00251

from biopsies. 15 The dissociation chamber may be preloaded with buffer.

The method further comprises the steps of isolating, purifying and/or

amplifying nucleic acids obtained from @ disrupted tissue and lysed

cells, and recovering the nucleic acids. The reagents comprise washing

buffer(s) and elute/RT PCR reagent(s). 20 The nucleic acids may be

recovered frgm Rle disrupted and/or lysed cells by adding beads coated

Wit PGS AR e R G RATE R (BB STHRURN G pRoBo 406Id bo

Thedsdigddseayddde magnetic beads. Alternatively, immunomagnetic

capture beads may be used. The binding of the linker on the beads to the

NUFIRIGIASHIRIE G O ARl TSR RATIAS BUG RERI AR PRI mg

be carried out by actuating a second piezoelectric matenal' 0 INcrease the

mifRg %%iﬁ%ﬁ&‘@ﬁiﬁé%}/hﬁ?@ Bergomusate piesus anddiioep tissus were
5 Thagedlfdrahe xplichtiont sndssamipjification step may be carried out in a

chamber as shown in Figures 9 and 10. The nucleic acids are recovered

by means of an external electromagnet. The recovered nucleic molecules

arer HaNABINGF a6/ 65 AADEA cRit P IR RRORS N ‘?ﬁécrﬁlp(ﬁgéhgcids was

invention, the same wil| be more readily understood through reference to
e TR L B NBL e R SRl RS TP WRGGouRlesiiaiehe ahereber for
notiatsuded thédteimmiadued the present invention. 10

10

Disruption time and tissue size

Figures 4(A) and (B) show the organized solution for a 10 mg rat fresh liver
tissue disrupted with 100ul PBS solution in 20 seconds. The tissue was fully
15 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
20 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.

25  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.
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xamples The following example 1 was carried out on the cartridge (ex.
igures 1, 2), 15 however, it is applicable also to the biochip device (ex.
igure 9) of the invention. Example 1 Cartridge and/or biochip device -
%}"éﬂ?ﬁ%ﬁ’cal set-up Both fresh and frozen rat liver tissue $4HPfe05/000251

weighing 1mg to 50mg, were 20 used for the experiments. The only
pre-treatment process, before inserting the tissues into the chamber of
the cartridge through the inlet port, wa83do wash the tissue with water.
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out by a digital reader. The change in disruption chamber temperature is
shown in Fig 6. Without any additional cooling, the chamber temperature rise
was maintained to a maximum of 66 °C.

Gene quality testing

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 yield 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
5.40ug. '



Disruption time and tissue size Figures 4(A) and (B) show the organized
solution for a 10 mg rat fresh liver tissue disrupted with 1001 PBS solution
in 20 seconds. The tissue was fully 15 disrupted to particles smaller than

WO i1 dameter. No cells were observed in the solution. PEAYS GReBfHEep251
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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 20 sample. The applied driving B¥éltage and frequency was

250Vpp, 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
cellRamibE\wasirdrasiedinelpnahOligodeds. rBdhetiehdaiisiarshpyiied by
gaiR URYAME e R W dhe digTHRiRR {U?%(W%%t@at oA8LUGSH nalRER3eping
tissue is harder than fresh tissue and therefore they are easier toqbe

dideReSFHGRS SGRandhkerelin! 200BA.Aete-pctiSasdDE/00paephER and B-
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ge, eat w Is actuated. High temperature” will affect'the quality

o BRI By e R (A KRS ORISR RT-
to Re\Kithether or not the heat was easily conducted to the disruption
chamber containing the undisrupted tissue and the organized tissue

solution mixture in the chamber of the cartridge of the invention, the

di§igptR B @hthawa Roase achiesulirefrpjhasERfd wRNAextracted from
thewshaiisnle andl fieadh aisshy. A EEINAAEahHSHERBESISHIRHRIOR. The

chamber, erature s 1Q shown in Fi ithout any additional cooling,
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result for the shortest of 360 bps, B-microglobulin. From the figures, the
extracted mRNA is intact and it is in the correct position in the gel picture. The
yield 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-fo-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.



Gene quality testing 15 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
WA Chamber disruption independently. Gene quality?EAEKIPR§ 096251
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. 25 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 5.50g and 5.45g
regpeetipEl\2 comparable with fresh tissue disrupted by homogenizer
which had a yield of 30 5.40g. WO 2006/014140 PCT/SG2005/000251
34 The mRNA was extracted by Dynal Oligo (dT) magnetic beads and
puﬁf?&ﬁ”ﬁﬂ?ﬁ{é’%\%:éﬂmﬁ B e FEEAS breast tumour related genes and
5 housekeeping genes such as CD59, keratinl9, TP53, Beta-actin, GAPDH,

Cyclophilin and p 5 microglobulin were amplified by RT-PCR for 30 cycles
usifinga ireattaregviog ot nveriprP EToieels Weremthrh1iganatiniature
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isc as an actuator to generate a

for the £P53 m@ extracted from 10 frqgeitll tissue and frozen tissue. The
cONRY ta 5A

AN s ChBmARTYH

strong impact and cavitation for fresh or frozen tissue dissociation. On one

surface of a 0.2mm thick 15mm in diameter brass disc, a layer of glue’
(Araldite - Rapid) is applied to adhere silica beads to its surface. On the other

surface, a 10mm in diameter piezoelectric disk (PXE5 from PHILIPS™) is

glued. The silica beads, which have very sharp edges, are glued onto the

surface of the disk opposite the piezoelectric disk side. The beads that are used

vary from 100pum 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 O.Ymm, 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-fo-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.



longest full-length cDNA in our test is 1176 bps. Figure 8(B) shows the
same result for the shortest of 360 bps, (3-microglobulin. From the
figures, the extracted mRNA is intact and it Is in the correct position in the
w % &40 The yield of the mRNA was 0.155pg/mg tissueb TESCHIERR
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 withirg@0 seconds by scanning
frequency high voltage driving 20 method. The total RNA and mRNA yield
were about 5.45g and 0.155pg/mg, respectively, for every mg fresh or
frozen tissue. Gel electrophoresis showed that intact RNA and mRNA

warﬁeo@éauwp%ﬁﬁ%m rwiwhg tHenpRaHeqRIY IRGSral ERGBRISIIPRr A% Jiver
shown | 2, has proven tg be an_easy-to-use, efficient, and
Rt te e NG Mo A Cenerban Jb 5 XeBNa, bR EEE AU The
modscitkesre’stenndimgRigtitescéidgd (Bawyhe Rigackad, an efficient device
for the detection of genes. In particular, wherein the biological sample is a

5 tissue from biopsies, the cartridge of the invention represents an efficient
diagnostic method for determination of cancer biomarkers and
gene-related analysis. WO 2006/014140 PCT/SG2005/000251 35
Example 2 Biochip device (Figure 9 and Figure 10) 5 In the biochip
device of the invention (Figures 9, 10 and 11), a miniature cavitation
chamber for mammal tissue disruption and cell lysis is used
simultaneously. The chamber utilizes a PZT disc as an actuator to
generate a
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strong Impact and cavitation for fresh or frozen tissue dissociation. On one
10 surface of a 0.2mm thick 15mm in diameter brass disc, a layer of glue
(Araldite - Rapid) is applied to adhere silica beads to its surface. On the
other surface, a 10mm in diameter piezoelectric disk (PXES5 from | oyD WISE
PHILIPSTM) is glued. The silica beads, which have very sharp edges, are
glued onto the surface of the disk opposite the piezoelectric disk side.
The beads that are used 15 vary from 108pm to 400pm 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
chamhag has dimensions of 14.5mm by 0.7mm, with a 20 volume of
115p1. Tissues and reagents were loaded into the chamber via an inlet at

the sidewall of the chamber. Although piezgelectric actuatar offe N
g B Gl ST B SO TGRSR Gy o), HefodREmgsing: 2

disk redpirederddativatdvigih \oithge fens?masdisainn thiasesl Matertact with the
CRC press lab-made 0'%)ower amplifier, with an output

997, 416-419].
sinus&FAR \%ﬂ%ﬁiﬂgf ?f'ﬁié’i(—%r-%@a SoEgLd g esigl RGRMGYE surface
of 3Hpwamuspgdsitctaite tlie PAT tiscdhtaevaita theapniedleaurNeyaterial,
of 5.4kHz ta 6,6kHz can be used)..Experiments showed  that with, .
o BN SR ST BT BB 7 e g beads and
dissocantatishamiodyglvah sanmpbroving the tissue dissociation
performance. WO 2006/014140 PCTISG2005/000251 36 The same

SXPerMenENRUILE e e WRERCY JLSRPARIALARIAL BLEKPE: fastened to
tissue for different tissue sizes as described in Example T'was carried out.

The f@SuRiSZPElSRbiGMAtEIiRIes 4(A) and (B) and Figure 5. 5 LLOYD

WISE

3. The device of claim 1, wherein the silica beads have a diameter between
100 and 400 pum.

4. The device of claim 1, wherein the second material has a Young’s
modulus of between 50 to 220 GPa.

5. The device of claim 1, wherein the piezoelectric material is in the form of a

disc, rod or bar or has a planar shape with at least 3 sides.
6. The device of claim 1, wherein the device is disposable.
7. The device of claim 1, wherein the device is a cartridge.

8. The device of claim 7, wherein the cartridge further comprises an inlet
port, an outlet port, and at least one chamber.

9. The device of claim 7, wherein the cartridge is integrated into a biochip.

10.The device of claim 1, wherein the device is a biochip device and further

comprises:

- a dissociation chamber;
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37 Claims 1. A device for sample tissue disruption and/or cell lysis
comprising: a piezoelectric material; and at least a second material in
contact with the piezoelectric material; wherein the second material hag) wisE
an uneven surface 5 on an opposite side to that in contact with the
piezoelectric material, wherein the uneven surface is brought about by a
layer of silica beads and contacts a biological sample. 2. The device of
claim 1, wherein the second material is glged or fastened to the
piezoelectric material. 10 3. The device of claim 1, wherein the silica
beads have a diameter between 100 and 400 pm. 4. The device of claim
1, wherein the second material has a Young's modulus of between 50 to
220 GPaesgditaaraviesref Fég@pv&rﬁyyerem the piezoelectric material is in
the form of a 15 disc, rod or bar or has a planar shape with at least 3
sides. 6. The device of claim 1, wherein the device is disposable. 7. The
device ocf%?a?ﬁ}rEOWh@Qﬁsthe device is a cartridge. 8. The device of claim
7, wherein the cartridge further comprises an inlet port, an outlet port, and
at least one chambz W0, Hnel device of claim 7, wherein the cartridge is
integrated into a biochip. 10.The device of claim 1, wherein the device is

a b'OCh'Br%Gr‘u\Héfs%Héféﬁﬁg Wé?ﬁﬁer 4&%?98%9%8%@8 siLOYD

WISE 38 - reagent and buffer reservoir(s);

11.The device of claim 10, wherein the device further comprises a binding

and mixing chamber and/or an extraction/elute/PCR chamber.

12.The device of claim 11, wherein the binding and mixing chamber

comprises a piezoelectric material and a second material in contact with

the piezoelectric material.

13.The device of claim 10, wherein the valves are microvalves.

14.The device of claim 13, wherein the microvalves comprise membrane

microvalves made of material including poly(dimethylsiloxane) (PDMS).

15.The device of claim 10, wherein the pump is a micropump and comprises

a membrane.

16.The device of claim 15, wherein the membrane is made of material

including poly(dimethylsiloxane) (PDMS).

17.The device of claim 11, wherein the extraction/elute/PCR chamber is

deposited with magnetic material.

18.The device of claim 11, wherein the binding and mixing chamber

comprises beads coated with at least one linker for binding to nucleic acid

molecules.

19.The device of claim 18, wherein the beads are magnetic beads.



- one or more valves; - one or more pumps; and channels connecting the
chamber, reservoir(s) and valve(s). 5 11.The device of claim 10, wherein
the device further comprises a binding and mixing chamber and/or ﬁ OYD WISE
extraction/elute/PCR chamber. 12.The device of claim 11, wherein the -
binding and mixing chamber comprises a piezoelectric material and a

second material in contact with the piezoelectric material. 10 13. The

device of claim 10, wherein the valves arggnicrovalves. 14.The device of

claim 13, wherein the microvalves comprise membrane microvalves

made of material including poly(dimethylsiloxane) (PDMS). 15.The device

of claim 10, wherein the pump is a micropump and comprises a

megpbraeddidd Jhadlryies, A ith 1P s S tt?d@ﬂﬁ@%ﬁ%ﬁ 0388t three
S). 17.The

of material including poly(dimethylsiloxane) (PD evice of
claim BY&iHher@iifthe’ efAGioRRMBSATER dRENTHEr ivatyssosmed vate or more

magnefismiaiiad. 8. fHe slavics, of aiph drbiv '?ﬁéeméh?a%}mﬁes at least

mixing chamber_ 20 comprises beads coated with at least one linker tor
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Wheretllgthe biochip is composed of at least three layers, one or more

membiAh 8 FBP$Har G R AbBh&biTABRDRIMABRAIEs BPeRS RFSIrd layers,
and whagtethdherbnan iy elr6BUiISeR MhdeatbibR isspHRliaREnam&cond, and

t and buffer reservoir(s), the second layer
reageﬂqéat secound and third lagy)ers. y

21.The device of claim 20, further comprising a cover to put over the first
layer.

22. A method of disrupting tissue and/or lysing cells in a device comprising the
steps of:

- loading a sample and reagents in a device;

- actuating a piezoelectric material of the device, wherein the piezoelectric
material is in contact with a second material, 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, and

wherein the uneven surface us brought about by a layer of silica beads;
- obtaining disrupted tissue and/or lysed cells; and
- recovering the eluate.

23. The method of claim 22, wherein the silica beads have a diameter
between 100 and 400 um.

24.The method of claim 22, wherein the piezoelectric material is actuated by
an external voltage source.



5 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. 21.The device of claim 20[.LOYD WISE
further comprising a cover to put over the first 10 layer. 22.A method of
disrupting tissue and/or lysing cells in a device comprising the steps of: -
loading a sample and reagents in a deviggy - actuating a piezoelectric

material of the device, wherein the piezoelectric 15 material is in contact

with a second material, wherein the second material has an uneven

surface on an opposite side to that in contact with the piezoelectric

maggizhdhm R\ e BisHERReXoiAhIsSaMRIn AN MBE N RS supplies a

uneven surface us brought about by a layer of silica beads; - obtaining
disrupteiiaBS Ereaipory, velteaailo sl als the ivennipatdcamaterial.

The method of claim 22, wherein the silica beads have a diameter

be@te@ihd Ofetebi4ficiming 22T h erethabeo§ siapieds amhsigitathBuman, plant, or
piezoelectric material is actuated by an external voltage source. LLOYD

WISE aé%ﬁ) %eﬁ{@}lﬂ%@] Sosf"{:efa%alﬁf Qﬁ?é%m%% external voltage

source supplies a variable frequency voltage to actuate the piezoelectric

5 matéridheengthednhefhclhion 2amwirieinetbien Sensplmpke fecsh aminfizen tissue
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25

humarny, Riant-Qli 5a(ﬁ,tqﬂée-originated tissue and/or cell sample. 5 27. The
method of claim 26, wherein the sample is fresh or frozen tissue

28.The method of claim 22, further comprising the steps of isolating, purifying
and/or amplifying nucleic acids obtained from the disrupted tissue and

lysed cells, and recovering the nucleic acids.

29.The method of claim 28, wherein the nucleic acids are recovered 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.

30. A piezoelectric device comprising a piezoelectric material, which is in
contact with at least a second material; wherein the second material has
an uneven surface on an opposite side to that in contact with the
piezoelectric material, wherein the uneven surface is brought about by a
layer of silica beads, and wherein the uneven surface contacts a biological

sample.

31.The piezoelectric device of claim 30, wherein the silica beads have a

diameter between 100 and 400 um.

32.The piezoelectric device of claim 32, wherein the second material has a

Young’s modulus of between 50 to 220 GPa.



and/or cell sample. 28. The method of claim 22, further comprising the

steps of isolating, purifying and/or amplifying nucleic acids obtained from

the disrupted tissue and lysed cells, and recovering the nucleic acids. 10, ovp WISE
29. The method of claim 28, wherein the nucleic acids are recovered 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 secong piezoelectric material to

increase the mixing and binding efficiency, and recovering nucleic acids

15 linked to the beads. 30. A piezoelectric device comprising a

piezoelectric material, which is in contact with at least a second material;

whegeihihpiseeenstmatasqideast alReYENHERGS HeanoRRIskRis deaterial is

to that in contact with the piezoelectric material, wherein the uneven ,
surfack BASNGHPLR SR by A0S 189EPENER GRIBARE SRARWERAT Rast 3 sides.
uneven surface contacts a biological sample. 31.The piezoelectric device

of claim 30, wherein the silica beads have a diameter between 100 and

400 m. 32.The piezoelectric device of claim 32, wherein the second

material has a 25 Young's modulus of between 50 to 220 GPa. LLOYD

WISE 41 33. The piezoelectric device of claim 32, wherein the

piezoelectric material is in the form of a disc, rod or bar or has a planar

shape with at least 3 sides.



