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for cell and/or nucleic acid nol ecules isolation
wo@4a4ehs t he i nventi on The present invention Pel/aGE®3/000261
to met hods and systens for cell and/or nucleic 5 acid
nol ecul es isolation. In particular, the nethods and/or
systens according to the invention are adaptable for
use Wi th m cronmechani cal and/orqautomated processes.
Background of the invention 10 Analysis of the nucleic
acids in tissues is perfornmed for many purposes,
i ncludi ng forensic sciences, the study of diseases
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the nucleic acids typically requires extracting the
nucleic acids fromthe tissue. A step in nucleic acid
extraction is tissue honobgenization. 15 A tissue
us%ally %ontain§ many cells that are joined together
by Helgio O¥mtrix that provides nmechanica
strength to the tissue. The tissue honbgenization
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t he honogeni zation step breaking up sone of the cells

25 the cell disruption step, which
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provides a flow chart of nucleic acid extraction and
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incldding forensic ~sciences, the study of diseases medical sciences
pharmacological drug discovery and development and clinical diagnostics. This
study of the nucleic acids typically requires extracting the nucleic acids from the

tissue. A step in nucleic acid extraction is tissue homogenization.

15
A tissue usually contains many cells that are joined together by a biological
matrix that provides mechanical strength to the tissue. The tissue
homogenization step breaks up the biological matrix. The biological matrix is
typically rich in collagen, often as much as 90% collagen.

20

After the homogenization step, the cells must also be broken up in a cell
disruption step so that the nucleic acids they contain may be analyzed. The
homogenization and cell disruption steps are typically accomplished
simultaneously or by the homogenization step breaking up some of the cells

25 first followed by the cell disruption step, which completes the cell disruption
process. Figure 1 provides a flow chart of nucleic acid extraction and analysis,
see also Huang et al., 2002, Anal. Bioanal. Chem., 372, 49-65.



The tissue honobgeni zation step conventionally invol ves
usi ng nechanical force to disrupt the tissue, and the
W@ e00k/0aki38F upt i on step conventional ly invol ves B&I/8G2003/000261

chem cals or enzynmes. For disrupting biologica

sanpl es such as fresh and frozen manmmal tissues, or
culture cells, conventional nechanical nethods are 5
used. These nethods include: 1 using a notorised
mechani cal honogeni ser that enploys a conponent |ike
a bl ender to generate shear force to physically break
up solid tissues and release all intracellular
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ar f1er |c aci ds have been
EIA R0 WbeR BB arBi ierisd s i e BT snpugh eneray to
thbmﬂmmbﬂhﬂﬂﬁbmﬂés 25 The task of preparing nucleic
acids for analysis has conventionally been a
ti me-consum ng and Iabor-intensive process. These
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20 enzymatic treatments are needed to disrupt all the cells and to help separate
the nucleic acids from the rest of the cell. Other complex tasks to complete
the analysis are performed after the nucleic acids have been extracted,
including amplification and detection of the nucleic acids.

25  The task of preparing nucleic acids for analysis has conventionally been a
time-consuming and labor-intensive process. These methods have several
drawbacks. One of these drawbacks is that the mechanical homogenization
process does not allow a full dissociation of the tissues, as cells may still be
clustered together. A further problem is that the during the mechanical tissue

30 homogenization step, some cells of the tissue sample may be broken so that



3 RNAases are released fromthe cells. RNAses are
ri bonucl easess that destroy RNA polynucleic acids so
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Anot her further problemis that the honogenization
process for the preparation of cell Iysate from
tissue is perfornmed manually with an electric
honogeni ser, one 5 sanple at & tinme, resulting in the
need for frequent washes of the honogeniser tip to
prevent cross contam nations. Qher further problens
are that: i) alarge tissue size is required due to
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t nsum ng and | abor -i ntensive manner. |ndeed, it
has been difficult to automate, make robots, or rrake
m cronechani cal devi ces that perform honogeni zati on

a%ceet |addaace|:pnm qrfldidiss &d thiergslevt@imdchaaiansystems QMEMS),
te li ke MEMS and TAS. WD 2004/ 046305

b Avabdical Systems (LTAS) and biochip technology have led to the
mmlatunsatlon of many micro-scale analytical instruments. The advantages of
miniaturisation in fluid processihg include improved efficiency with regard to
sample size, response times, cost, analytical performance, process control,

integration, throughput and automation (de Mello, Anal. Bioanal, Chem. 372:12-
13, 2002).

The homogenization and the cell disruption steps of the process, however,
continue to be performed in a time-consuming and labor-intensive manner.
lndeed, it has been difficult to automate, make robots, or make
micromechanical devices that perform homogenization and cell disruption due
to the miniaturized nature of systems like MEMS and uTAS.



4 Summary of the invention The present invention
addresses the probl ens above and provi des new nethods
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acid nolecules 5 isolation. In particular, the

nmet hods and systens according to the invention are
adapt abl e for use with m cronechani cal and/or

aut omat ed processes. The nethpd and/ or systens of the
i nvention do not require nechani cal honogenization
step so that automatic, robotic, or m cronechanica
approaches to tissue dissociation nmay be acconpli shed.

1 ' t. aspect, the invention provides a
$ dhpofte iy nucleic acid nolecules from

ti ssue sanples conprising: i) treating a tissue sanple

wth at | east one enzyne for tissue dissociation; 15

ib')r@addisg% a lytic solution; iii) isolating nucleic
adi b1 ipxenlinl addpesesi the prallemst sbavanand yyorisies new
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Atsbattimdhypartibelarethosiettiisasand systeps atcdrathg to the invention
not reqguire a nechani cal honpgeni zation
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enzyie f ofredtiris ue tiisas 0sambleoWiffRYatbREONMRD &¥ie for tissue
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dissociafion;
i) adding a lytic solution;

iii) isolating nucleic acid molecules and/or proteins.

The method and system of the invention relate to tissue sample dissociation
using at least one enzyme for the tissue dissociation. Accordingly, the method

and system of the invention do not require a mechanical homogenization step.

In particular, the method of the invention further comprises a step of applying
hydrodynamic shear force to the product of step (i).

The present method and system therefore utilize hydrodynamic shear force to
break up the tissue sample so that the tissue is efficiently disrupted and cells
can be released from the tissue sample. Further, the applied hydrodynamic
shear force breaks up the tissue sample so that it becomes small enough to
pass through devices, like miniaturised and/or microfluidic devices.



the tissue sanple desired to be dissociated. The
ti ssue sanple nay be aninmal-, human-, or
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enzyme 5 for tissue dissociation may be a protease,
cellul ase, |ipase, and the |ike. For exanple, any of
the follow ng protease or a m xture thereof nmay be
used: collagenase, trypsin, ghynotripsin, elastase,
papai n, chynopapai n, hyal uroni dase, pronase, dispase,
thernol ysin, bronelain, cathespines, or pepsin, or a
m xture thereof. 10 The released cells are treated
with a lytic solution. The cell nenbrane is broken to
rel ease intracellular conmponents, in particular

Mg ehgyreifaf tiss\fE Bissobiabeinisy bélkohebsieatly dhovbeaatesling to
may be 1sol ated and recovered accordin
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linkers. The isol ated nucleic acid nol ecul
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shyaili@nidash, pronbsasdispase, thenywoiysing bramalaime cathespines, or pepsin,
di ssoci ation; (fb) appl yi ng hydrodynam ¢ shear force to
t AE3 PIFHIR e st ep (a): 25 (c) recovering the
isolated cells. The recovered isolated cells nay be

preserved or stored for future use or may _be used to _
eXhearsleansd eélls ace dreatedonittes biic malitiahethatnsllemembrane is

2004/ 046305 PCT/ SG2003/.000261 Accordi ng t t.he

Bk & feleass, Eecon pr Gorbetset Balcier il s andior
| pRdtainsONuelei€ abidsmblediidd ey e RoRItES antitecsysicamccording to
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recovering the nucleic acid molecules bound to the linkers.
The isolated nucleic acid molecule is mMRNA, RNA and/or DNA.

According to a further aspect, the invention also provides a method for cell
isolation from tissue samples comprising:
(a) treating a tissue sample with at least one enzyme for tissue
dissociation;
(b) applying hydrodynamic shear force to the product of step (a);
(c) recovering the isolated cells.

The recovered isolated cells may be preserved or stored for future use or may

be used to extract nucleic acid molecules as mentioned above.
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sanpl es, the system conprises an enzynolytic tissue
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10 The tissue disruption channel is advantageous in
that it allows the hydrodynam c shear force to break
up the tissue sanple so that it becones snmall enough
to pass through the channel. ¢n particular, the tissue
di sruption channel in the system conprises: 15 an
inlet port; at |east one region of constriction; and
an outlet port. The tissue disruption channel at the
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di srupted. The enzynolytic tissue dissociation chamber
may be of a small size. Chanbers 25 of small sizes
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automated processes. The cha ers, for ex
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t?@%ﬂ%ynﬁaléé\g tlgg e YssobRE n,gh%Qn?be?'andH‘ﬁséUé’&%ﬂiMdnCchannel

00|a I on cha oper ably connect ed
to at 30 | east one other chanber of the system For
exanpl e, the other chanber(s) is WO 2004/ 046305
PCT/SG2003/000261 7 used for holding at | east one

éeﬁ§§ue hemxgﬁ)nb%ﬁa%{r@i Bolééfvaata@e@h@as:@ that it anows the
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aci d nol ec Iar the system of the
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system (bi oMEMS) and/or a fuI |y automated conpl ete
m crototal analytical system (TAS). It nmay al so be an

ailn paﬁmewrnﬁh\a tisseeatisrptian eharnglio the AYERRT GRMBFiSes o
In parti af, the systemof the invention is a system

for E?'%B‘Ikea‘? of cells from

at least one region of constriction; and
an outlet port.

The tissue disruption channel at the region(s) of constriction has a smaller
cross-sectional area compared to the overall cross-sectional area of the
disruption channel. The region(s) of constriction help to gradually reduce the

size of the tissue sample until it is efficiently disrupted.

The enzymolytic tissue dissociation chamber may be of a small size. Chambers
of small sizes are adaptable for use with micromechanical and/or automated
processes. The chambers, for example, may have a volume of less than 100 pl,
less than 50 i, less than 10 pl, or less than 5 pl.

The proteolytic tissue dissociation chamber may be operably connected to at

least one other chamber of the system. For example, the other chamber(s) is



ti ssue sanples, conprising: a first chanber for
i ncubation of a m xture of: at |east one tissue
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ti ssue sanple, and buffer solution; a second chanber
which is as a tissue disruption channel for generating
15 hydrodynam c shear force. and optionally a chanber
for cells collection, and a chanber for waste

coll ection; and optionally the chanbers are connected
to each other. 20 The system of the invention also
provi des a systemfor isolation of nucleic acid

RaRt P g SRR 3448 OB rBen TR R kbRling protease

t iissbiorsanpling shins! easisugipation zigeets, or sbrsingcaatrédeptacles for
of the tissue sanple, and buffer solution; a second

c Masiprogupisierincleic aciginalgeuies.sr uption channel for
generating 25 hydrodynam c shear force; a third

chanber including a Iytic solution; a fourth chanber

fon tgeetiodht, ectheonsystemi sof athieon irfention! emnayachal a biological

nol ecul es and/ or, protein f fth chanber
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t rendi/orvrotéimextrattopnal |y conprise a port for input
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least one enzyme for dissociation of the tissue sample, and buffer solution;
a second chamber which is as a tissue disruption channel for generating
hydrodynamic shear force.

and optionally a chamber for cells collection, and

a chamber for waste collection;

and optionally the chambers are connected to each other.

The system of the invention also provides a system for isolation of nucleic
acid molecules from tissue samples, comprising:
a first chamber for incubation of a mixture of: at least one tissue sample, at
least one enzyme for dissociation of the tissue sample, and buffer solution;
a second chamber which is as a tissue disruption channel for generating
hydrodynamic shear force;
a third chamber including a Iytic solution;
a fourth chamber for the collection and isolation of nucleic acid molecules
and/or proteins ; and
a fifth chamber for waste collection;

wherein optionally the chambers are connected to each other.



wth at | east one linker for isolation of nucleic acid
nol ecul es may be used. The beads nmay be magnetic
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integrated system which is 15 suitable for forensic
testing, clinical diagnostics, veterinary,

agricultural diagnostics, and |ike. According to

anot her aspect, the inventiongprovides a nethod for
isolating cells froma tissue sanple, the nethod
conprising: 20 incubating in a first chanber a m xture
of : at |east one tissue sanple, at |east one enzyne
for dissociation of the tissue sanple, and buffer
solution; disrupting the tissue sanple in a second
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gener ati ng hydrodynam c 'shear force; recoverin
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tion [ec in a fourth chanber.
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a net hod for isolating nucleic acid nolecules froma
ti ssue sanple, the nethod conprisi [

th: | ncubat i noqni na.

f The t tisswenisisrugtion xepenadt compripes dfieo fisTHpiQy components as
S | east one enzyne for dissociation of the
t?ggéd@’eggérpﬁ%% and buffer solution; WO 2004/ 046305

PCT/ S&003/ 000261 9 disrupting the tissue sanple in a
second chanber which . is a tis
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appl yi ng hydrodynam ¢ shear force within the tissue

di sruption channel to gradually reduce the tissu
s &mpther,stheesysiem may be padl ofya diagnoshe defogFRfed cTyter; which is

reI ?aag'lgd for forensic testing, clinical diagnostics, veterinary, agriculiural
diagnostics, and like.

According to another aspect, the invention provides a method for isolating
cells from a tissue sample, the method comprising:
incubating in a first chamber a mixture of: at least one tissue sample, at
least ane enzyme for dissociation of the tissue sample, and buffer solution;
distupting the tissue sample in a second chamber which is a tissue
disruption channel for generating hydrodynamic shear force;
recovering the cells, optionally, in a third chamber; and
optionally recovering the waste in a fourth chamber.

According to a further aspect, the invention provides a method for isolating
nucleic acid molecules from a tissue sample, the method comprising:
incubating in a first chamber a mixture of: at least one tissue sample, at

least one enzyme for dissociation of the tissue sample, and buffer solution;



The coll ection of the nucleic acid nol ecul es may be
coll ected and/or isolated 15 according to any
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acid nolecules may be collected fromthe solution by:
addi ng beads coated with at [|east one |linker and thus
the nucleic acid nolecules bound to the linkers are

recovered. 20 According to a particular aspect, the

met hod according to the invention conprises providing
a tissue sanple of |less than about 10 nmB or | ess than
about 3 nMmB and exposing the tissue sanple to at | east
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figures Figure is a fl hart of a conventi onal
schelygingarellgugolated fromuthentidsyei disruption adindebB0s third chamber;
PCT{I\?rh 003/ 000261 10 Figure 2 depicts an agarose gel

sho that sonme enbodi nents of the invention (lanes

3- 6) cellceting apldfieslbtiNg dasir6®@ AMEIBIY S mdTBEMEY $n bl f808h chamber.
7). Figure 3Ais a plan view of a mcrofluidic tissue

di gester incorporating a 5 proteolytic tissue

o TEnarGebation” JARRS st ifidton, e BRCRBREL Syabebonstant
gadbmpbrdtbee.t otal RNA from fresh tissue by using 10

the invented dissociation nethod. It shows that RNA
isolated is not degraded. Table 5 shows the total RNA

yi r : peld. o .
G e T O T e
i disreptiamblchanhehty ghdvallkaedutaitiee lisélue El’rslgn%ecdim eatibit is fully
trypsi igestion, Lane 5-6: RNA isolate y
hdﬁ%&@pﬁ(’g@?‘fc@l@s ﬁfeg@?%asﬁd-Agarose gel of total RNA
fromfrozen tissues (Lane 1-4). Figure 6 shows the

agarose gel of nRNA extracted fromthe invented tissue
he collection of the nucleic acid molecules may be collected and/or isolated

according to any standard method known in the art. For example, nucleic acid
molecules may be collected from the solution by: adding beads coated with at

least one linker and thus the nucleic acid molecules bound to the linkers are
recovered.

According to a particular aspect, the method according to the invention
comprises providing a tissue sample of less than about 10 mm® or less than
about 3 mm® and exposing the tissue sample to at least one enzyme for

dissociation and optionally applying hydrodynamic shear force until the tissue is
efficiently disrupted.

Brief description of the figures

Figure 1 is a flow chart of a conventional scheme for nucleic acid analysis.



di ssoci ati on nmethod. The genes that we want to

synthesi ze are shown in the 20 figure. nRNA is intact
whoudia3gs t he di ssoci ati on nmethod i nvent ed. FubPCFRemgs/ho261

cDNAs are synthesized by Superscript (lInvitrogen). M

marker, lane 1: R actin, lane 2: (3-m croglobulin,

| ane 3: cyclophilin, lane 4: TP53, and |ane 5: c- nyc.

25 Figure 7 shows the agaroseqgel of nRNA extracted

from human breast tissue dissociated by the invented

nmet hod. The genes that we want to synthesize are

shomn in the figure. Full-length genes are fromfrozen

180 % biets | 48 catirove BT Shonsbist Soihe ' SHERimarh o1 the
'—%nﬁon GBRds 3lee as e‘ﬁ‘@&tﬁfe‘ a3 éo?wehf?di%l ﬁﬁetﬂ'@@(lan@ﬁ)

Lane 7: Hi stone'H4, Lane 8: Maspin, Lane
a l-anti chym)t rypsin. WO 2004/ 046305 PCT/ SGZOOS/ 000261

Rl R g oY off € RBlRic S GgRACicBording 2

5 Cfﬁ&@@lytncﬁssdéﬂh@éoél@ﬁorf éhénﬁber4 outlet for fluid. 5-
Figure 9: Detail ed draw ng of the tissue disruption

conponents 5: inlet port, 6: region of constriction,

&R BB s P Y tor ST AR, 000 %

shows a section of a sandwi ch structure of a
m croflui dic device nade of stainless steel

cdripiiest iovsothec agaioseatal nidhe taliad RNMAdrom fiashstissugnly using

10 ?Ct%llﬁ\%rﬂé‘@@hs%%@%tl rjpé%%ﬁ f}%ﬂoa/s%h% Ri\@?%oﬁ.ﬁ?@ lis not degraded.
ayer ructure, the stalnless stee

f e'Eable éssHowyethe mtaid?NAquadd tcbmﬁzmelsoppaataaslubw ltheviotal RNA yield

layer to formt I srupti.o hannel.s re B sh

A etibB o STDRD T U R o dspogeHen . BIdttiod: & Jetale. Lane

0 r a 0 [ CNgned

bonﬁﬂﬁﬂﬁi’ R o R ety SR esin Trme56: RNA
exisolatad by hantbgenizeri cat i on device, 8: water
reservoir, 9: lysis buffer, 10: magnetic beads, 11:
washi ng buffer A, 12: 20 washing buffer B, 13: elute
bufigafe 5 1Aga|@"sécbé} bof FREPRNAI ffom ¥izeMalsk@ed '(Léne fl—ﬁl-

reagent channel,” 17: di sruption/ m xi ng channel &
19: connected to punp,

Figure 6 shows the agarose gel of mMRNA extracted from the invented tissue

15

dissociation method. The genes that we want to synthesize are shown in the
20 figure. mRNA is intact by using the dissociation method invented. Full-length
cDNAs are synthesized by SuperScript (Invitrogen). M: marker, lane 1. -
actin, lane 2: B-microglobulin, lane 3: cyclophilin, lane 4: TP53, and lane 5: c-

myc.

25 Figure 7 shows the agarose gel of mRNA extracted from human breast tissue
dissociated by the invented method. The genes that we want to synthesize
are shown in the figure. Full-length genes are from frozen human breast
tissue by SuperScript (Invitrogen). Lane 1: 100 bp DNA ladder, Lane 2:
GAPDH, Lane 3: B-actin, Lane 4: CD59, Lane 5: keratin 19, Lane 6: TP53,

30 Lane 7: Histone H4, Lane 8: Maspin, Lane 9: a~1-antichymotrypsin.



20: tissue inlet/incubation chanber. Figure 13: Cell
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10

15

20

25

30

gel of R actin RT_PCR synthesis. Lane fromM Marker,

lane 1: P-actin frommcrofluidic device sanple, |ane

2: Ractin fromnotorised honogeniser sanple. 30 WD

2004/ 046305 PCT/ S&2003/ 0002611112 Fi gure 15: Agarose

gel of TP53 and Cyclophilin RT-PCR Synthesis, M

mar ker, lane 1: TP53 from m crofluidic device sanple,

| ane 2: TP53 from notorised honogeni ser sanple, |ane

3: cyclophilin frommcrofluidic device sanple, and

| ane 4: cyclophilin fromnotorised honogeni zer sanpl e.

5 Fidptrai Bed\/!d:esfh:idipt itiesue)fdi$ﬂmpt|bnvemlbe)n 1Thﬁssiue;vénm0tﬁmbubation

RS &g tat APl BIetaP itk S T T and

|soI ation that may be adaptabl e for use wth
m_cronechani cal devi ces and/ or automated processes. An

" efi@derisiletailed drawing wéthe dssuesdisruptiph@eniganents, 5: inlet port, 6:

R BB RBNE L ARRERBY “The {1 csue Thet: ssue s

di ssoci ated usi ng at Ieast one enzyne for

d| ssoci ati on. For exanple, at |east one protease (for
15igyranid): Sorpe p9§$thlaa¢e%m$ abdisadipn cosmpaneas. or

Ilpase or a mxture thereof, can be applied as a

sol ution that contacts the tissue and dissociates it.

Thégyreod ¢&s, BY):. &ipliregAashdvesnst seoktorerf yaesdrawict istsiceure of a
- SaBTaulch o medtie, 6T stdiaies SHHFleCqTabTSing: polychbonate upper
a%\f@ﬂb%?%r@eéﬁﬁ%&h@ga géHSmS'léy?é]‘érﬂ} 5 AhiRlE gg %?e%l layer. In

% t hereby be aut ondt e I hcor porate
tois techiene; g staaelvlesegteel Matumselralyanlsclad)n@m Mn:tbsthe upper and

cro n i cal stens .
( E&eﬁ%ﬂ%@@ %030k o Rt Bt Eho SRS L B, sBRS flpection of the
arsdlugtureaf a microfluidic device made of polycarbonate using hot embossing
or CNC, and bonded by heat diffusion.

Figure 12: A biomolecular extraction and purification device, 8: water
reservoir, 9: lysis buffer, 10: magnetic beads, 11: washing buffer A, 12:
washing buffer B, 13: elute buffer, 14: product reservoir, 15: valve unit, 16:
reagent channel, 17: disruption/mixing channel, 18 & 19: connected to pump,
20: tissue inlet/incubation chamber.

Figure 13: Cell yield comparison between the bench-top conventional method
and MEMS-based device.

Figure 14: Agarose gel of B-actin RT_PCR synthesis. Lane from M: Marker,

lane 1: B-actin from microfluidic device sample, lane 2: B-actin from motorised
homogeniser sample.



systens (TAS). 25 Exanples of conventional nechani cal
ti ssue honogeni zation nmethods are |isted in Table 1.
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1: Conventional mechanical tissue and cel

honogeni zation Cell disruption nmethod Application

Ceneral procedure Sonication: Cell suspensions

Soni cate cell Utrasonic wavegg suspension in short
generated by a sonicator bursts to avoid |lyse cells

t hrough shear heating. Cool on ice forces. Conplete

bet ween bursts. shearing is obtained when nmaxi nmal

agH; i QR. A i eye e ahe t ; i
i e, 8, AderBES" G{eth, Thids, SAECYOUBRIACRIBPER Sinthesis, :
Mreairer, ganests TPSacome iciGdlidic derickysamplay lahea2: TP53 from
with cell walls suspension in c¢hilled, forces . - .

" dRRIPLiFe NPTk SATRIS: diagsd: PBRbHINFeTs migrofidic device
¢ . o

AP, SR PRSP RRIRGT oAy HoRighRPict sBRible
pressure. lysate. Ginding: Solid tissues, Tissue or

cells are Some cell types can be m croorgani snms

normal ly frozen with opened by hand grinding |iquid

P!Détgmdémiptwntdftﬁeﬁmretnﬁbnand pestle. ground to a
I he

The invention provides methods and systems for processing tissue samples for
nucleic acid molecules extraction and isolation that may be adaptable for use
with micromechanical devices and/or automated processes. An embodiment of
the invention is a method for performing tissue dissociation without a step of
mechanical homogenization of the tissue. The tissue is dissociated using at
least one enzyme for dissociation. For example, at least one protease (for
example, trypsin or collagenase), cellulase or lipase, or a mixture thereof, can be
applied as a solution that contacts the tissue and dissociates it.

The process of adding at least one enzyme to a tissue sample for dissociation
can be performed quickly and requires no complex equipment. This is
advantageous because the tissue dissociation process may thereby be
automated and may be incorporated into micromechanical devices.
Micromechanical devices include biological microelectromechanical
systems (bioMEMS) and fully automated complete micro total analytical
systems (L TAS).

Examples of conventional mechanical tissue homogenization methods are
listed in Table 1.



powder .
Solid tissues Chop tissue into
WQ@2@a 036305

Al unmi na or

sand may aid

grindi ng. Mechani cal
honogeni zat i on:
Many different devices necessary. RODSGz@s000261

be used to chilled nmechanically honpgeni zation

honobgeni ze tissues.

buf f er

devi ces such to colune of tissue).

Potter-

Clarify lysate by

and/ or

S
b

and

cel |
oft tissues.
e used for

Honogeni ze briefly.

ot her

pr ot ei

(3-5 vol unes

Handhel d
as Dounce or

EBvehj em honogeni zers
can be used to disrupt filtration
suspensi ons or centrifugation.
Bl enders or
| ar ger sanpl es.
oses |little danger to

ns except by the

e into a

priab t@@nvamomma@éanﬂcamﬁsae@@dmﬁﬂnomc@emmatlon
NALAN cmn OInnr*'a 1 '1/1 O Acc hoad Caol |
el ey metyo T, 1 Apcaon, | ‘ﬁenerﬁimg’ﬁ@,
£ XOBICABM, e of The G sepaads: o’ﬁ? el
m Fa(§8?'§ ﬁl"g?rs c lled |ysis sol utli '}5 Q'Q/B'Potrtexec
b ? fﬁ sﬁg ac bursts o avoid
yse cells through shear

forces. Complete
shearing is obtained
when maximal agitation
is achieved, but care
must be taken to
minimize heating and
foaming.

| heating. Cool on ice

between bursts.

French pressure cell:
Cells are lysed by shear
forces resulting from

Microorganisms
with cell walls
(bacteria, algae,

Place cell
suspension in chilled
French pressure cell.

forcing cell suspension yeasts) Apply pressure and
through a small orifice collect extruded
under high pressure. lysate.

Grinding:

Some cell types can be
opened by hand grinding
with a mortar and pestle.

Solid tissues,
microorganisms

Tissue or cells are
normally frozen with
liquid nitrogen and
ground to a fine
powder. Alumina or

sand may aid

grinding.
Mechanical Solid tissues Chop tissue into
homogenization: small pieces if
Many different devices necessary. Add
can be used to chilled
mechanically homogenization
homogenize tissues. buffer (3-5 volumes

Handheld devices such
as Dounce or Potter-
Elvehjem homogenizers
can be used to disrupt
celi suspensions or
relatively soft tissues.
Blenders or other
motorized devices can be
used for larger samples.
Homogenization is rapid
and poses little danger to
proteins except by the
proteases that may be
liberated upon disruption.

to colume of tissue).
Homaogenize briefly.
Clarify lysate by
filtration and/or
centrifugation.

smal |

relatively
not ori zed devi ces can
Honogeni zation is rapid

WO
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W@ e@aioad30s wet cel | s.

cell walls,
cel |l ul ar

Add 1-3

grans of chilled glass beads per
Vortex 1 mnute and i ncub@t/8G2003/000261
cells onice 1 mnute. Repeat vortexing and chilling
two to four tines. Further, the dissociation process

may be performed so that the cells in the tissue

sanpl e are substantially not i srupted until the cel

di sruption (lysis) step. After dissociation of the
tissue, the cells of interest may be separated from

the 5 rest of the tissue so that the contents of a

i berating the sturdy tube.
contents.

OGRsE §dagubSEl Of C
Tl'ﬂﬁnS&éﬂniatld?: the tij

W t hin the |'ysosones

Poef MRy bE P
P%H%epen§85§en' n

5 in the cells

z%&ggﬁ Hél}s*iﬁ‘%n of
ar ati

nYéd‘%p DL t%ﬁcor
i to

erré’é?fi Fm

eby

al |
on

Ofhe dlfasiihdtionobs | m fi&Sbrg Qﬁ%ﬂ F“ ng
[ e $bAEEa hdadBhRE ol 0gi es. ur S
rl@e‘nvké@shlﬁeﬁatihd%ﬂw@‘?t through the t' &Hﬁiy uﬁess&eaaté 0”
SdBtar dch NAases in the cells getially

RNAS S e@lcfis r\}goptggqcl eases

sequestered within fthe cell.

[that destroy RNA pol ynucl ei c aci hedbded eifc
aci d anal ysis becongs ineffective celrl@%ﬁ\?ﬁ ﬁ‘ﬁr%te
conventionally inhibited using R S‘edtQ

Since RNAases nmay ¢ssentially be| gg %% h| t he
cells using any enbodi ment of the ﬂfﬁe venti on the
need Tor RNAase i nhi bitors, and the need for-vigitance
in their admnistration, nmay be elimnated. The

i ngréhar, the H§sne|etxbm@romsemawbel perﬂi@rmad gblthat thg a6lls in the

i ﬁiséﬁrﬁzsatﬁgﬂ@ At Qg Rl Pf%?ﬁdfv i i seCeRiplion (lysis) step.
r Afier Gisssridtith Gthé 't’&;é{ué Qhé @B Bf ﬁkér&@c mgﬁpk étﬁé)’at%&? Yom the

be intact but unviable. 20 Avoiding the
RIRAh §E4Ne dissup st that the contenigepf akd@wedt amsawﬁsces\lsenay be

"8k ‘ﬁws‘i‘@gq &a&” oy ﬂg g‘gﬁgqgsue bgcr@élﬁlsn%sar%/&g ggparap ion of the

tissue sanpl e as we
cells of interest may be carried out according to standard methodologies.

Further, since the cells may be kept intact through the tissue dissociation step,
the RNAases in the cells are kept essentially within the lysosomes in the cells
and are thereby sequestered within the cell. RNAses are ribonucleases that
destroy RNA polynucleic acids so that nucleic acid analysis becomes ineffective.
RNAses are conventionally inhibited using RNAase inhibitors. Since RNAases
may essentially be sequestered with the cells using any embodiment of the
invention, the need for RNAase inhibitors, and the need for vigilance in their
administration, may be eliminated. The intact cells need not necessarily be
viable. Intact refers to a state of the membrane of the cells, including the cellular

wall and lysosomes. Viability refers to the ability to remain alive. Cells may thus
be intact but unviable.

Avoiding the effects of RNAases is important. It is well known that RNAs are

fragile and rapidly degradable by RNAses present in a tissue sample as well as
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contai ners, and working areas are RNAase- free, the

techni ci ans nust be careful not to allow freshly

harvested sanples to renamin at roomtenperature
unpreserved, frozen sanples tgsdefrost, or 5

mechani cal tissue disruption to take place w thout the
presence of nuclease inhibitors. Certain enbodinents

of the invention renove all these neddl esone
SRR o 0L RLE 1o BHRTREL ol QLS. Otrr
t treuenduaingethitt alp tiseratrieatd, yontirmrs nand herkieg drdasr are RNAase-

FS) ﬁ%?&%@éﬁﬁnp@hggﬁgﬁﬁwgﬁ &%?EQ)GMFHSKM th?@ t@ d@@mples to
O of! RioR eRbeRANIA TrRRSdeK o UFLARP Sarfig8 ol Refrost, or

uman swea one convent | me i'sol ati ng
cetdchankal pissueaisegption tor ke place ivdthoet the presasmecof Buclease

S et Bh B Ba e R i e 85 Bftesome
i %&nﬁéﬁﬂé@ﬁor@@%&ﬁl@,&ﬁ ch&thbér e HioMBNB N ReeREitHs sample
for exanple: a bond fornmed between two am no acids of

a ipmediately Ftar kirpsypoe tiseuwiihervest, potentially en®vingthatneed for

.5 hda, . i . ,
o o WneefiEe SlEiadfy uBl SR preppcaiop reauires
cold pg@anankrfaresds gyealgseiridiing xpaintigatives siueletses found in
trypsin, see RI 20 Freshney, Freshney's Culture of
ARURAN $WeRls  Chapter 11: Primary Culture (1999).
Such net hods are not, however, directed to the
isolation of nucleic acids. Instead, they are
diSaune echnendiegabdnethodbefost isalatingecells aisei psateases to treat a
aItJow cg{ls to be isolated e{Hd c‘JItured, a{ver%t | ;
ditSPUPe At PERISASE? AraPRATE INALEIREVES &Y ePlPYEPathG Fleavage O
ConspiaieEtdnficaPbERidTH PastRli@ERerhitaPssPise Eferdleal bond that joins
achieve the enbodi nents of the invention because those _
méwhodls mare andinoeatidsl foo exprripie: za hendefarmadabetwesgn twe amino

not . u L b Kk b in.the. tiss n

A B B4 PSRN L By S et S 02,215

di driceUhida, tianDe3 . aPuteds N 0508819221 idesribéskposing tissue fo the

durations of proteolytic exposure. . .
protease collagen and Freshney describes exposing tissue to trypsin, see Ri
Freshney, Freshney's Culture of Animal Cells, Chapter 11: Primary Culture
(1999). Such methods are not, however, directed to the isolation of nucleic
acids. Instead, they are directed to degrading the structure of a tissue to
allow cells to be isolated and cultured, a very different goal unrelated to
nucleic acid isolation. Consequently, such methods are inoperable to
achieve the embodiments of the invention because those methods are
directed to optimizing cell viability, do not thoroughly break the bonds in the
tissue, do not homogenize the tissue, and conventionally use different

temperatures, concentrations, and/or durations of proteolytic exposure.

MEMS are conventionally useful only with cellular samples e.g., blood cells
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advant age of certain enbodi nents of the invention,
however, is that m cronechani cal devices nmay now be
adapted to be used with solid tissues using the
present invention. Table 1 refi@rs to conventiona
mechani cal honogeni zati on nethods. A review of these 5
nmet hods shows that they use processes that are
difficult to automate or adapt to a m cronechanica

dg}’lbcﬁluhrg%qaerﬁml f&ﬂ%ﬁé&ﬁ:ﬂﬁgé &f SEM&Int 8 d‘irﬁents of the

ause and foam ng, grinders and gl ass
bﬂﬂ@mtlane hdwﬁaﬁ/ec, uéﬁhamrmdmmehanlcabdewcemawmm beaagapted to
-fluidic, nod

b d trated
b aited OV Sl riasHes Ui | BP PESR! danelh dFouRaT refers to
p%hvér?tﬁ}ria@nn@cﬁ%ﬁ&%ﬁshoﬁﬁgeﬂgaﬁ@wh%tl@cﬁcﬁﬁaf/lat FeRievet 8P these

i s conventi onal | eft of I p. The reason is that
t mthswphewprtie@tathay iusa mﬂ@@s@g thaharekdifficuld ta@eitenate or adapt

Eg%ghf’ gclg_ﬁt {:rgeﬂySt ¢ \/&eoﬁgé*aerﬂgﬁpg%mﬁg{?o aﬁs{[&u‘tends fo cause
alheatiRg&hd foéﬁﬂh% BivRig glind&¥ednd §ieds 42a08,ard iXziult & reduce in

I ndeed, different types of tissue sanples require
disizeer Althougre aamnhpsiuidie snedulas diavecbers demsineliatessin the past

r é@ﬁpge gxt ! ﬁf‘érrp Tg elllC %g?%cfécf gﬁtééétfo%ugr}c{wéﬁ ﬁﬁégf’ BE Sbrbé‘esases the

exah@sie!drepavatioRisté is eomasitibhams lefndff chip. efhec eédsmhals that the
connections in different tissues. For i nst ance,

t isesunle PapRAratiem Preaste cinlikedBa asclpicasid isolatias a8 @n\@ﬂed and

Ry B SISk el Ping ot a1, 2002,

CMW&GIB/@M Cheth8d2:db-65R0bapi cal I y di srupting and
honogeni zing solid tissues by manual ly using an
el ectric hand-held device, typically a Dounce or

Pohbigeq EHYf%Pérﬁ”ﬂpré"B?Q%@Ué eéample?ﬁ%ﬂb?@ diffsreRB$leBtments before

research on the’automation for sarrp prepar ation in
I\/ENZK;leIQEaQﬂJmol@iuleSwam\Abeke)ﬁ@@’t&ﬁeﬁﬁheedeEﬁﬂ farevarioys dreatments is a

' ”t &d ré)aéf'tﬁg Hah%ﬂfd@? Sl'(]Zthgr SHEL ﬁ&lgg?g%ti’lx l\(%%éosmons and

lﬁf’e‘fuo’éﬂﬁﬂar lRaHBectRIN8SA rd"@é*ehﬂtn@é]fe%t Far HapAs essdetissues and
DNAseparatlon starting fromcells, |ntegrated

mi ey lcangettissaes/ase M fbyeusaad feughet i Batirg sompared to brain
' 3811 ?Id'ngp tfssﬁg%.sﬂwééje differences have led to the conventional method of

mechanically disrupting and homogenizing solid tissues by manually using an
electric hand-held device, typically a Dounce or Potter-Elvehjem "homogeniser".

Despite increasing research on the automation for sample preparation in MEMs,
much of the work has centred primarily on integrating simple cell lysis processes
only. While many existing publications (e.g., U.S. Patent No. 6,344,326) have
presented integrated approaches for DNA separation starting from cells,
integrated microfluidic, and/or MEM systems for nucleic acid isolation from solid
tissue remain elusive and undemonstrated for two reasons: Firstly, cell samples

are much easier to lyse and homogenise compared to tissue samples due to
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adhesi ons. Secondly, many standard nethods for tissue
honogeni sati on i nvol ve nmechani cal crushing and

shearing forces, which are nmt MEMs friendly and pose
significant obstacles to mniaturisation. 5 Such
conventional manual and nmechani cal approaches to

nucleic acid extraction have been standard bench top
anﬁf'ﬁélﬁﬁac’r F QiSRS Y SRSndiyl! Haﬁ#geﬁanﬁrdn Blolis2gbd tissue
isolation kits are avallabfe co rcrally. ny are
nbomogemisatidre thvpb/egmesdhbiioal, crishinghamd seariem fortBs zohich are
kits, C)., ovi di ng onl.y the hem cal. reagents and

e OVERl<rienBl e PR Saloant opsfabieR b nin ket
process. 10 Sone protocols |like those of Dynal beads,

I ncorporate automation into their isolation systens.

Houel eeonveméionalamearital basd Bwehanigalorappsepches 4@ hucleic acid

e Sl B RHiP Bt eh 1R BT R e pars. Mpiituces

nBhYhuchdié oaad edolationg | iitsc a6 Bvailspleatdopimésclzily. tigny are non-
honopgeni zati on process for the prﬁ%%rat lon of cell

| pdipmated (ROt ASEAIRN.| AMetshpM, SiagT, edzahki £ie)y Prosidipg enly the
a : g . .
EnSiRel SR RTBRENfits RRBISATH Bt P lgton process
h8ooge pratecols ilige tthoge ef diynat hesds c ntbepurat@t aotosnation into their
Accordi n o a first epbodi nent the inyentio rovides
R RBE RIS Jipusvargesa e best sembraiomated enrai reauire
U hS8HeiSIAARS PeriSRIRidR M8hudbrbdedur88bha BverddeSH§rocess. For
sanple wth at |east one enzyne for tissue

dinstangeatin onany iguteriaiad) nucleje acidsisblationrkitsj the) homogenization

[ | ati cl ei cid.mpl ecul es and/ or .pr ot ei . 2

ThE RS R BbfreEh ot FRL SRRl T BT Rl BpiPianed manuaiy
efwithcare Rledfics BoRiogthigsr, Und 84mplel aisaarnd,@BultiRg in the need for
conventi onal mechani cal honpbgeni zati on net hods, as

c &repgentyvashesw the hemegeniseolie ichiieveri groseeontarminations.
enzynol ytic tissue dissociation essentially maintains

the cells intact such that the RNAases and proteases
ardecording to a first embodiment the invention provides a method for isolating

nucleic acid molecules from tissue samples comprising:
)] treating a tissue sample with at least one enzyme for tissue
dissociation;
ii) adding a Iytic solution;

iii) isolating nucleic acid molecules and/or proteins.

The enzymolytic tissue dissociation allows a more efficient dissociation of the
tissues than the conventional mechanical homogenization methods, as cells
are less clustered together. Further, the enzymolytic tissue dissociation
essentially maintains the cells intact such that the RNAases and proteases are
not released from the celis. Hence, nucleic acid molecules are not destroyed and

the nucleic acid molecules isolation can be carried out efficiently. Further, as the
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Further, as the WD 2004/ 046305 PCT/ S&003/000261 18

di ssoci ation of the tissue sanple is not perforned

manual |y and wi t hout using an electric honbgeni ser,

the need for frequent washes ©§ the honobgeniser tipis

avoi ded. This also prevents cross contam nations.

Furt hernore, as the honogenization step is avoided,"

the nethod of the invention is faster and less 5

I
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anot her aspect, the net hod of the invention further

c labptir-indensive thesghemeghgnigahomgpgenagicmmethadear f or ce
to the product of step (i). 15 After enzynolytic
tissue dissociation the softened tissue sanple is then

paBeedntymeugh tsapedissddintislesingnéte dissus péamplec baen Fp?éferably
to further fragnentize and rel ease ceIIs the f

f hicebalgda rswin At 3 cpnfpllegrtempesatue. pyefe P&t é)fﬁltll tissue is
enzﬁ&%fo( ‘éﬂ‘ﬁHé{”'}:om%f‘e‘iél eén& “ﬂi)és%' Bﬁsﬁaﬁqﬁf\‘)hsgag}( (2ppears o be

ynolysis to sue sa
mebmptetand syst em aI so ut| I | zes 20 hydrodynam ¢ shear
force to break up the tissue sanple. In this way the
resulting cells are efficiently released fromthe

i AL tboHRorSAIBRCE. thaTHRetnel df 1 Mvbriilbn!ilAne} SsiBrises a
dleUptIOl’] process 1 s g as the cel-ls are

s §te efrapRlying hydmdyynam;c sheauforeata theeprodysiuef siapni).e.
25 According to a further enbodinent, the invention
relates to a nethod for isolation of cells from

t iAfiavecs %ﬂ‘ﬁd)l?ﬁc tiskael dRisatiation ettles softBndE tidsteedampit is then

preserve nd used for future applications

Alpﬁéﬁ%thf%g'y a &ne@wllwa%e%eds@lswé@e@haanemq fwethes fggignentize

or der F%léa e?}{?é’ﬂ)fhtfg@nnﬂoqlp el c a?’eﬁe?zﬁ}a esfbldlbﬁ? tqglegreated by

Staspsatidn Iryleihsda(ubduam)ataemdes employmg chemical enzymolysis to
disrupt a tissue sample, the present method and system also utilizes
hydrodynamic shear force to break up the tissue sample. In this way the
resulting cells are efficiently released from the disrupted tissue sample. The
cell yield of the tissue disruption process is high as the cells are substantially
fully released from the tissue sample.

According to a further embodiment, the invention relates to a method for
isolation of cells from tissue samples. The isolated cells can be stored and
preserved and used for future applications. Alternatively, they may be
subjected to further steps of lysis and isolation of nucleic acid molecules. In
order fo isolate the nucleic acid molecules, further steps of lysis and isolation

are carried out as described below. The isolated cells can also be used for the



30 are carried out as descri bed below The isol ated
cells can al so be used for the WD 2004/ 046305

wWEOAB@3003/ 000261 19 preparati on of protei nsSPCIVRGHD8I800261
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known in the art can also be used by the skilled

person to isolate proteins during the dissociation

and/ or disruption steps. 5 Accordingly, the present

i nvention provides a nmethod fog cell isolation from

ti ssue sanples conprising: (a) treating a tissue

sanple with at | east one enzyne for tissue

di ssoci ation; (b) applying hydrodynam c shear force to

t f ‘e 1 : Ve |

| ST BT of PLorShRE Mdlhpas "Rnop Jn9RS Bt bBA 413G o wsed by the
| wkilled spergbn oo tsoldtbeproteihatdidinge thes disebciationoaadiongdisruption
nucl ei ¢ acid nol ecul es. 15 For the purpose of the

pe t invention, the term"tissue dissociation”

nmeans a tissue sanple treated with at |east one

enzyme for dissociation, for exanple, at |east a _
priaceedieglyctid pressnt inventiopaprovides a mettodr rteadr isotation from
AZ a resuli of the . tissue dissociation the tissue

sdpt'e SPOPSET Y¥HRYS'SHd only a portion of the cells is

rel easgg) tr_é'@tﬂw%%' MisstibS saMpfl SwittptatoBast edes seiigynge for tissue
tissue, which has been 20 dissoci ated by using at

| east an €§29¢BLOYr di ssociation, further subjected to

ot ep 1D BofyBOIRE Ak thegl (486 0 1P DR RERTA)
the ti gspescorephgthdisetated celis.t abl e for use in the

present I nvention are fresh tissues as well as 25
preserved tissues, including frozen tissues treated

Wit Ry HAtHEr @OmpHsEsURRIingG aNyte satidR o thé i4BMYed cells and

or agriculture-originated tissues. Tissue sanples

i metadeing husleioamibmoleadss.ki nd of ani mal or human

bi ol ogi cal tissue sanple, plant tissue or adipose

ti ssue. Tissue source can include, without Iimtation,

f qrmbCpurE@&i 6flhe BrekbAUINVEAREDN, tAE derh® SRBUSHIISSIIMIRI’ means
ti ssues taken from30 different organs; tissues

prafsssesanpiedipaied withoat lsagirane enzymeiprdlissadiajipss feyexample,
at least a protease, cellulase, or lipase, or a mixture thereof. As a result of the
tissue dissociation the tissue sample is softened and only a portion of the cells
is released. The term “tissue disruption” refers to a tissue, which has been
dissociated by using at least an enzyme for dissociation, further subjected to
hydrodynamic shear force. After the tissue disruption step the cells are
substantially fully released from the tissue sample.

Tissues suitable for use in the present invention are fresh tissues as well as
preserved tissues, including frozen tissues treated with preservatives. Tissues
can be animal-, human-, or agriculture-originated tissues. Tissue samples
includes, for example, any kind of animal or human biological tissue sample,
plant tissue or adipose tissue. Tissue source can include, without limitation,
forensic, medical, agricultural, and research samples; tissues taken from

different organs; tissues processed immediately or stored at liquid nitrogen or
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weeoogthessesl until anal ysis; frozen, unfrozen, peE®3€2ZH03/000261
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and never frozen tissues. The term tissue, as used
herein, is an article that can be degraded by a tissue
di ssociation enzyne or by an enzynmatic process. The
ti ssues preferably contain at2¢d east two 5 cells and a
bi omatri x. Extracellular matrices, polysaccharide
matrices, and collagen are exanples of a biomatrix.
The wei ght of the tissue can range from1l M to 10
S h i . i .
oeiesglffb fafntertin ARHRIETERIRs! froBES clf Aibdiately or stored
puefl esredhsis; sSfrozdmaturgezeny dtawed,0dnd meveaffiolzen issges. The term

T a0 S PPl ) 1 st
?gfggﬁﬁ% :Hr 53/ SP Rz hitE ﬂ%o@ﬁ? TRRIisBlLIeS Ypreferily bomaRYat least two

tissue nmay be cut into tissue sanples to
achliseaadt hebidesatried Extaoetsilar matdersyepel¥sascharde matrices, and

. . . le. . .
| BSEe BP ubt Rp at H Yad 7 o rom
p @mmmgyes, for exanple the product RNAl ater(r)

( ion, agen). A further aspect of the present
invention is that blood and/or body fluids may al so

b S ' t ' &
O3S ol BRI ety BapcBorEl o iy ho smaler
f Isited. dBedpréferatlei sSoa tiyEneeakttom ohithle sefepls by a tissue
body flujds such as tears, t, urine astri.c and

| ArSaGsHan ARae tadapiftedad e SAMARE 1iRY b BliRered. for
digsg l@,%?tam@, Sbid gy%lftiééué With aBl ApfopRieldeibed bidpsptool, or
can used 1 n~the hod and system of the invention

f ar tishee aray doa iooh iofo tissus elanples donethieve dbe desimgk volume.

T LS, 7R3 15, ST S5 onos
t iiﬁéU@’anifﬁ)%gﬁit%%h@@ ahd tRspeotreated With prasexiaiives, for example the

t her eof . )
product RNAlater® (Ambion, Qiagen).

A further aspect of the present invention is that blood and/or body fluids may
also be used in the method described. For example, when cells are to be
isolated from blood and/or body fluid. Body fluid is a general term which refers
to body fluids such as tears, sweat, urine, gastric and intestinal fluids, as well
as saliva, various mucous discharges, and sinovial fluids. Blood and body fluids
can be used in the method and system of the invention for the extraction of

nucleic acid molecules.

The enzyme for tissue dissociation may be chosen according to the fissue

sample used.

In particular, enzyme for tissue dissociation is a protease or a mixture thereof.



WO 2004/ 046305 PCT/ S&G2003/ 000261 21 The protease nmay
be col | agenase, trypsin, chynotripsin, elastase,

w@apaiom30s chynopapai n, hyal uroni dase, pronase, PAI/SEz®8/000261
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thernol ysin, bronelain, cathespines, or pepsin, or a

m xture thereof. The nost preferred protease is

col | agenase since it degrades collagen, which is a

chi ef conmponent of nost 5 tizsues. Conbi nations of

prot eases may al so be used. Sone proteases are very
specific in action, and produce a limted cleaving

action while others conpletely reduce a proteinto

i-adi Vi L,DO ' ryeli y ; t apai
TP BrotdRse 3appod iohBontine (i Y cnpfkipein Sasehe, papain
utyriophpain, a hyaluranidass, otmronass, ldispasieec thermalygin,  bromelain,

ROpieS, cheboSF Bkor BN, S TRl PRl Eace i
tdo‘ﬂ%ggnevt\}{é‘%irﬁ'ézﬁ(%g?édeé tSiFRNIVAREF il Eflef BBMpbACAt of most

1 pa en the tisSsue sanple is an adi pose or
diispese- derived or 15 associated tissue sanple. In
case a conbi nati on of one or nore of the above tissue
sanple is used, a mxture of at |east two of the

abeVBIrafENdTBf pRteddesstgy dispancisdd. Gormaprdteasesedre vet) specific
O her enzynes for tissue disruption itable for

A . .S ) Bﬁlt thle
porasise, a1d pradusablimitecheleayng @stion Wbie pinars FRRPIEIRY reduce a
k i 0 0 Ssed, ' i
PR 540 o S 8PP0 08 B my b cnosen
i 5 patteuldr sissure isemaiwn toibet it in altestairepicieimey bigrodlenulel y
be separated fromthe tissue debris, for exanple 25
by a nechanical filtration step. The isolated cells

N Od) ' | the ti
Nzﬁﬁgéé??[z%fdfsﬁ&u%h&s&%tﬂfneﬁépaélb@rbéﬁa g’éﬂgﬂe@}enhzlhen e tissue

wn in the art can al'so_be use _ L
skampledispargant oo plasbiatived tissus. nEnelenzyiget fivs tissue dissociation

di ssoci at j.on _and/ or,, di.Sr.upt | S :
PERr e dolisoREen S RS safihe T SRoaPeE P sefiteterived or
sasicsatBatiesge bafiple. for exanple by using a cell

sorter that recogni zes markers on the cells. The

honogeni zed tissue product is
In case a combination of one or more of the above tissue sample is used, a

mixture of at least two of the above enzyme for tissue dissociation can be used.

Other enzymes for tissue disruption suitable for the purpose of any embodiment

of the present invention known in the art can also be used.

The tissue disruption is preferably performed so that the cells in the tissue remain
intact. The cells may optionally be separated from the tissue debris, for example
by a mechanical filiration step. The isolated cells can also be used for the
preparation of proteins. Methods known in the art can also be used by the
skilled person to isolate proteins during the dissociation and/or disruption

steps.



optionally washed to renove proteases and is subjected
to a cell disruption step, preferably perforned by

WO ntoroddses ng t he product into a lysis sol uti onPCEHSG2003/000261

10

15

Conventional cell lysis techniques may be used to

di srupt the intact cells. Table 2 describes sonme of

t hese nethods. Sone of these nethods may be used to
preferentially recover one pappi cul ar subcel | ul ar

fraction. For exanple, <conditions can be chosen such

that only cytoplasmc fractions are rel eased, or 10

intact mtochondria or other organelles are recovered

b [ r j rJ EOR. ' ;

¢ SRS A pongfiy B sk AT BEIE 1S B 8otk B LRing  coll sorter
f ahdtovecagnizeszymairkerst oeatheeotlls. f Tiee Zemdgeniied tibsue product is

CisRondh Suis B85 b roRasscant Sohasi bk el ihpton s
g&ﬁé@@&x‘, gg.;?ﬁrt%fe BRehtBHuLRY S PRALALHISS lysE I SHRI! €

y optio 15 protecCted from protéolysis, and
is preferable if the tinme between disruption and

i RobS ey techoliueBhar bB3ies s ARUELPR htact colls. Table
di S HEPEAHRR JBrhd OF tHEY hetiddan Serme bathddeatethdde may be used to

Gsmotic lysis: Blood cells, Suspend cells in a Gentle
nmeratatentialiye recevess amec upartiewany paessitoler ¢ friastian dror  example,

sujted. far [ ' ' ' te i
S BB 048 33t P S b ol e, o
cofReneiibchbh@ta t bawdheti Trgdasilesr igtt oebbdsereBamhydl differential
freeze cell Many types of cel|s can be tissue culture, )
s USSR DakPN STRPetimbs daess teshipjares kg CORne®@| (e<g., osmotic lysis
Ii gl din i 0 . C hayv. t
ol LSRR MRk NEPEAEN 3y Phefing o actergeny
t hewitemses may be liberated when cells are lysed so that cell disruption is
preferably performed at low temperatures. The sample may optionally be
protected from proteolysis, and is preferable if the time between disruption and

denaturation of cellular proteins is significant.

Table 2: Convetional cell lysis processes

Cell disruption method Application General Procedure
Osmotic lysis: Blood cells, Suspend cells in a
Gentle method is well tissue culture | hypoosmotic solution.
suited for applications in cells
which the lysate is to be
subsequently fractionated
into subcellular

components.

Free-thaw lysis: Bacterial cells, | Rapidly freeze cell
Many types of cells can be | tissue culture | suspension using
lysed by subjecting them cells liquid nitrogen then
to one or more cycles of thaw. Repeat if
quick freezing and necessary.
subsequent thawing.

Detergent lysis: Tissue culture | Suspend cells in lysis
Detergents solubilize celis solution containing
cellular membranes, lysing detergent. Cells can
cells and liberating their often be lysed

contents. directloy into sample
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Detergent lysis: Tissue culture Suspend cells in lysis
Detergents solubilize cells solution containing

wa@ edokiohans menbr anes, |ysing detergent. Cells cROT/SGHI0B/800261
and |iberating their often be Iysed contents.

directloy into sanple WO 2004/ 046305 PCT/ S&003/ 000261

23 solution because these solutions always contain
detergent. Enzymatic lysis: Ppant tissue, Treat cells
wth Cells with cell walls can be bacterial cells,

enzynme in isoosnmotic |ysed gently follow ng funga

ceIIs sol ution. enzymatic renoval of the cell wall.

hit-s—nust—be—donmewirth—amenzyr ﬁSlLRIBHEEgéJé for—the

type of cell to be lysed (e.g.,| th¥sO04yiRnsfOr
hacterial cells, cellulase and pegf, t49r  plant
ceI I's, lyti case for yeast cell 8)4et HGht e| c acid

T POt e, ?t.gﬁa@“ FrprayEg o the

B ?@&ﬁ %ﬁﬁuﬁs céﬁ/ﬁ'% g fror e e RBerabndar d
t l ol goll B8R, carriers,

n ﬁ:rfe 0 ger%,théan( ? e na e conveni ently
L e DI nd, ret ain or trap the nucleiq acid
N ﬁg ltﬁ E proteins. The |nucleic acid nolacul es
3 ﬁaﬁcﬁgme% S ofLS §hen recoverled and isol ated firom

to be lysed (e.g., lysozyme
for bacterial cells,

cellulase and pectinase for
plant cells, lyticase for
yeast cells).

Nucleic acid molecules and/or proteins can be isolated from the product of the
lysis step according to any standard technique known in the art.

Matrixes, carriers, membrane filters, and the like may be conveniently used to
adsorb, bind, retain or trap the nucleic acid molecules and/or proteins. The
nucleic acid molecules and/or proteins are then recovered and isolated from
the matrixes, carriers, membrane filters, and the like. Examples of carriers,
matrixes and membrane filters include glass, silica gel, anion exchange resin,
hydroxyapatite and celite such as Diatomaceus Earth. The shape of the
matrixes, carriers, and membrane filter is not particularly limited. They can be
in the form of beads, mesh filters or powder. For example, they may be in the
form of glass filter, glass beads or glass powder.

According to one particular aspect, the nucleic acid molecules, which include
mRNA, RNA and/or DNA, may be isolated by: adding beads coated with at

least one linker and recovering the nucleic acid molecules bound to the
linkers.



the matrixes, carriers, nenbrane filters, and the
i ke. Exanples of carriers, 10 matri xes and nenbrane

wo poo@uas0s ncl ude gl ass, silica gel, anion excheameG2003/000261
resin, hydroxyapatite and celite such as D at omaceus
Earth. The shape of the nmatrixes, carriers, and
menbrane filter is not particularly limted. They can
be in the formof beads, nesksfilters or powder. For
exanple, they may be in the formof glass filter,
gl ass beads or gl ass powder. 15 According to one
particul ar aspect, the nucleic acid nnlecules whi ch

ia dqlr%%g@f Wﬂﬁéﬁgoﬁ%’é@ib m@%eaﬁ éaféjdag/ h at least one
r QPRYEED B, €T, Triechlgol 6T IreSogaiaes! and bines to the poly

l'i nkers. 2004/ 305 PCT/ SG003/ 000261 24 For
e)da(ﬁcbloéth%mw/ﬁay be isol ated by using beads coated
with at |east one |inker conprising oligo d(T). The
oligo d(T) recognizes and binds to the poly d(A) of

5t h@cdﬁ?&lﬁg 1o #Avsthediergmpte, anRNAe RNA aamel/er; DIMANMayRb@ isolated by
and/ or may be isol at ed one

1 ieg 3@\#@5&%% fruef Putradnbiirathend o tas TBBR Frgadseg ot least

| €3%d n 'l\?OWh%‘?eIN NRereil i, NCi ST Apr ©. For Texdimple, linker
For exanp e i nker  conprising NNNN, NNNNN, NNNNNN

cacmrbpnsmngN\‘éNthNwN NIMINENN ezstini bgiecanyerianily 4sed. This
the "univers

LS R, IR P IR RO Mgt of

10 ' €H€5@ MR in '\@P@S%‘HSJ%Wh@%lﬁf incbRsorated \’c§/f$aierence). More in
i nkers" are randoni generate Any net hod known in

thpaﬁnculaﬁameﬁ‘emb/@ﬁwﬂm ensl gre ganglondy gepsiaiedt he beads,
mesh filters or powder to which the nucleic acid -
nol ecul es and/or proteins are 15 bound to. Beads may

beAﬁWﬁ@ﬂh@d Knowss Innigenart eyl matomaeniertly. used teerenopeethe beads,
using a fl ow—through fllter- hanbe

t r ggﬂﬁh tess of pewiden &y which thg I(Aﬁ&d: g@gqpu?%qu/or proteins are
15" MpBlRE Lty BE5dSFYAFBE chBfur8d BYEEMY hisBhafithl Baa®H For example,

by using a flow-through filter-chamber for bead trapping as described in
Helene Andersson, 2001, “Microfluidic devices for biotechnology and organic
chemical applications”, Royal Institute of Technology (KTH), Stockholm,
Sweden  (http://www.lib.kth.se/Sammanfattningar/andersson011116.pdf)  (herein
20  incorporated by reference). Another alternative method consists of selectively
trapping non-magnetic beads in a monolayer in microfluidic devices (systems)
without the use of physical barriers. This method involves microcontact
printing and self-assembly, that can be applied to silicon, quartz or plastic
substrates. In the first step, channels of the device are etched in the
25 substrate. The surface chemistry of the internal walls of the channels is then
modified by microcontact printing. The device is submerged in a bead solution
and beads self-assemble based on surface chemistry and immobilize on the

internal walls of the channels. (Helene Andersson, as above).



chem cal applications”, Royal Institute of Technol ogy
(KTH), Stockholm  Sweden

w@ baotfoad303wwy. | i b. kt h. se/ Sammanf at t ni ngar / ander BEDRO2001/000261

10

15

20

25

6. pdf) (herein 20 incorporated by reference). Another
alternative nmethod consists of selectively trapping
non- magneti c beads in a nonolayer in mcrofluidic
devi ces (systens) without thesuse of physical
barriers. This nmethod involves mcrocontact printing
and sel f-assenbly, that can be applied to silicon,
gquartz or plastic substrates. In the first step,

C n f e b
SHBROBEAAS mapod THbG el Brfhy Moguad Wilf of Jed phd Arfer. The
clmalmgm aC|dSrTbImeliesrmdm g)leerécbver@dcmouangan‘t ephelrmﬂllmg%netlc field
The device is subnerged in a utjon ads

. USX O Saa e SL et R et  Pieakaod e 66 e Ve STsten
imobilize on the internal walls of the channels.

(Hel ene Andersson, as above). WO 2004/ 046305

PTheSpaseat doation also Tprevideads srya’genbe‘onﬂgmiaticbm dfea@ksleic acid
coatled lvvit att. | east o h nucl ei ¢ ac | "
V' eEYES TEYH k?é“?é@&%‘g olL nyﬁﬁqfﬁéog}f’r@i&geﬁﬁaﬁnzymo ytic tissue
MRgERIcidtion sHambérexiea lisbudBRBRGStN cHarY (ieSFigure 10).

integrated into the device (systen). 5 The present
i nvention al so provides a systemfor isolation of

nqﬁlﬁérﬁc&‘élf dtheng’)éﬁgm for |§5lgﬂbﬁ 'o‘cfsrlrlfclé’é@élc?smoltegﬁle s, from tissue

syst'em conpri s an en 11520 %S5 'SP

cfmflqﬂesaﬂ:tdnpnge§aueadu Sr uptl on channel (see F| gure
10). In rtlculfa the systemfor isolation
eyl feE in

nucl 8ifs Cé'?ﬂ"?’?)ﬁf finixiyge ofiat s!%?ﬁil%’@ tissue sample, at
conp fe'a%?Bnéterlzgf'?'ng1 for Glsfsbﬁx%{loﬁ RRIRSfisd R sdrﬂﬁl\ébéfn‘j ‘BﬂffBF solution:;

a mxture of one tissue sanp
one ersze;cmedfcbuarrmersamd:ngtalsmtlsa‘uetmerupltleaLa:haaaalpl e, and

buffer, s eco ch er acting as a tissue
di sr aﬁmgﬁ’H H'g)rﬂﬁén&u “Qﬁi %‘ﬂgﬁ%'@r including a Iytic
sol ukife0ith Idhanberrok %éb@ll&&%nféﬁd isBRiti6A! drefid<I® agdmolecules
i solation of nucleic acid nolecules and/or proteins ;

and angigrynotsingband f or waste col l ection; wherein the
Cchambefes, &l SmborYas Wt bQctdsh, ot her.

wherein the chambers are connected to each other.

The tissue disruption channel comprises:
an inlet port;
at least one region of constriction; and
an outlet port.

At the region(s) of constriction the cross-sectional area is smaller compared to
the overall cross-sectional area of the disruption channel (see Figures 9 and
10).



20 The tissue disruption channel conprises: an inlet

port; at |east one region of constriction; and an
woniketespdrt. 25 At the region(s) of constrictPOTSGH®3/000261

cross-sectional area is snaller conpared to the

overal | cross-sectional area of the disruption channe

(see Figures 9 and 10). WO 2004/ 046305

PCT/ S&G2003/ 000261 26 The enzyp®l ytic tissue

di ssoci ati on chanber accepts at |east one tissue

sanpl e and at | east one enzyne for tissue

di ssoci ation. The type of tissue(s)  and enzyne(s) are

aSTHQSéﬁiﬁﬁ&yﬁfq}é%ue%EQ@ ISy Blahinet 5&3@3&% -at Jeast one tissue

di ssoci at’i on e used as a m
de%f@éle and atHm%fmeeemmneb’éardmwerdlﬁddlahoada'rbiee@pécbf tissue(s)

tis anpl es and small vol unes of
59%§EyWﬁ@cﬁ{8@§e G%CQBFHD@PQV%r e preferably |ess
than 100 pl in volunme and the sanple is preferably

less than 10 mB in volune. Smaller volunmes are nore
5 pr éher ameymalptia digsies sl(ﬁsoaiati@wf@hameri mnamebpram as a

YR 5 R, B SR RE 018 b BT e o s it

pr smell iasuey ssmplEssidesmalt dsluies ¥ e Hed MHE! %hamber is therefore
[)I gi nated tissues. Tissue source can incl ude,
i PRRGerRbl

/P H1aph00 ﬁJbeYfélW@e aneldhe slamplg is l@@lferabbmess than 10
anfhrhBASAUMe. S@ﬂ?lﬁé?%lu}r?e 4 mﬁ@%ﬁrg#éfbéérom di f ferent

organs; tissues processed | stored at
10 1iquid nitrogen or preservat ive reagents until
roce i medi ately or stored

i R R s EOL e s o v o
fr p@eBrvdd 6SIRS, mUﬂRin‘@"fr&éh @E@%s ?r%a{é%e\gntﬂjd;gé%vaﬂ\?es Tissues

an article that can be degrade ote
enS3MRE; ANifede éﬁé/orﬂwﬂam@ﬂgmtgﬂ aSmaol"&smsaumeaban include,

<ol el tudhtes BafRL el debears sampes
15 exﬂsmjesstakén ardm diffdrémtorgdng; taLes brodesdsBl ithRiSteRASr stored at
' aln qqu?d f ax?rrggén or preservative reagents until analysis. Tissues processed
immediately or stored until analysis; frozen, unfrozen, thawed, and never frozen
tissues. The term tissue, as used herein, is an article that can be degraded by a
protease or an enzymatic process. The tissues preferably contain at least two

20 cells and a biomatrix. Extracellular matrices, polysaccharide matrices, and

collagen are examples of a biomatrix. The weight of the tissue can range from 1
mg to 10 mg.

Smaller sizes of the tissue are preferable so that penetration of the sample
25 by a protease is facilitated. Tissue samples may be prepared for example, by
taking a biopsy of tissue with an appropriately sized biopsy tool, or a tissue may
be cut into tissue samples to achieve the desired volume. As said above, plant
tissues or adipose tissues may also be used in any embodiment of the
invention. Embodiments of the invention are suitable for use with preserved
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vol une. As sai d above, plant 2ri ssues or adi pose

ti ssues nmay al so be used in any enbodi nent of the

i nvention. Enbodi nents of the invention are suitable
for use with preserved WO 2004/ 046305

P%ét?&”@% g@ﬂ%z%zegﬁrstshéém rﬁél?és” feated I(/\Fi’t"r‘leBreserva’crves; for

tissues tI'ssues treate preservatives, for

exxanige tﬂeprrmdudURNAHW‘@a(tﬁemtéroh Qiagenpn, Q agen) A
further aspect of the present invention is that bl ood
and/ or body fl uids nay 5 al so be used in the nethod

S TR SRRt bihd PleRRhL PiYonfich € HBREIGHA BhARE body fyds may
acaisw dbengsacbrna’rhw metttmddamrbrsystefn ohthe imventioron-@meixample, blood
cel | nbe| olatﬁgfromb od and/ or 50d quigS

us Ort QKR g B‘ﬁéﬁr‘” P 8¥S eﬁhr( %\é¥e) AGeyeng to any

acd b HBih G 'o?ﬁweCﬁWent‘Rﬁr 5% ' &t *nfBePRblEd &8I Blood and/or body
i sol ated from bl ood and/or body fluids. 10 The enzyne

f diuids gsiog thi bydiodynamic shear lrrcesdautneactunielr @glct motegyles can
o1 8B PRER YR s BB b R i 31

The protease may be col | agenase, trypsin,

ch notripsin, elastase, papain, chynopapa
heemRyAEs o tifsyRadissodnigmeey bﬁ&hﬁﬂeylsa@pordmg to the tissue

é%"ﬂ‘ﬁq cat hespi nes, or pepsin, or a mxture
there € nost preferred protease is coll agenase

S|nce it degrades collagen which is a chief conponent
nos 20 tissue inati.opns of proteases
o) EPRoW e SR o T e UBeodARow & § Dectan ot @ Miture thereof.
action, and produce a |imted cleaving action while
ot hers conpl etely reduce a
The protease may be collagenase, trypsin, chymotripsin, elastase, papain,

chymopapain, hyaluronidase, pronase, dispase, thermolysin, bromelain,
cathespines, or pepsin, or a mixture thereof. The most preferred protease is
collagenase since it degrades collagen, which is a chief component of most
tissues.

Combinations of proteases may also be used. Some proteases are very specific
in action, and produce a limited cleaving action while others completely reduce a
protein to individual amino acids. Accordingly, some proteases may be chosen if
a particular tissue is known to be rich in a certain protein or biomolecule.

The enzyme for tissue dissociation may also be a cellulase when the tissue
sample is a plant or plant-derived tissue. The enzyme for tissue dissociation
may be a lipase when the tissue sample is an adipose or adipose-derived or

associated tissue sample.



protein to individual am no acids. Accordingly, sone
prot eases may be chosen if 25 a particular tissue is

won@M4d305s be rich in a certain protein or bi onBPCESGL®3/000261
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The enzyne for tissue dissociation may al so be a

cellul ase when the tissue sanple is a plant or

pl ant -derived tissue. The enzyne for tissue

di ssociation nay be a |ipase aghen the tissue sanple

is an adi pose or adi pose-derived or 30 associ ated

tissue sanple. WO 2004/ 046305 PCT/ SG2003/ 000261 28 In

case a conbi nation of one or nore of the above tissue
sanple is used, a mxture of at |east two of the

above enzyne for tissue dissociation can be used. 5
O:llmecawlawmsbmahiort pEsoe alirmorepbf the abbveabibsud sampheis used, a

of the r sent .i nvention
R ot o B G v e, s ugyssgiiation Gan be used.
accor ding to the invention is preferably a biol ogical
m cr oel ectronmechani cal system (bi oMEMS) and/or a fully
au@&ﬁimymﬁﬁoemeéuelcbsmpmmsmtaﬂle tovdhy puraisesyfsinyrembodiment .

crdbe PR AN kbR A B G plpise s e "

filters, and the like in order to conveni ently adsorb,

bind, retain or trap the nucleic acid nolecules. The
nuEheu @yatara ascerdings tar dhehdnvarsionecisvepredierably a biological

g e s L .

anmm'etmmmlyﬂdal eyeterm@mx& glass, silica gel, anion
exchange resin, hydroxyapatite and celite such as
Di at omaceus Earth The shape of the matri xes,

ca j V. .
Tnﬁe gg%ﬁ]ﬁgfjﬂ{gxﬁp e n r{l}wte?]p @r@ggbecgr%%%écﬂ{tE%mg matrixes,
f i d:aareuess onembmaim filter®0 amt ethe hiketir rord@iy toc edmfdrientRf adsorb, bind,
anl 03@ a}ﬁ)l er to Q@pture beads, which have
RS dea oD Gl G GRRleu 85 HetrnUreic asidmppleculenere then
ChaHQBrdtP¥nd iidtih et BR&H,
bead t rgppl P}g 'as %@2@%@% rﬂéﬁ&e? éérhé orl'g(%@son © g@%ﬁ and the
aslikthdvw@mples of carriers, matrixes and membrane filters mclude glass, silica
gel, anion exchange resin, hydroxyapatite and celite such as Diatomaceus
Earth. The shape of the matrixes, carriers, and membrane filter is not

particularly limited. They can be in the form of beads, mesh filters or powder.

The chamber may comprise of a mechanical barrier to capture beads, which
have nucleic acid molecules bound to them. For example, the chamber may

include flow-through filter-chamber for bead trapping as described in Helene
Andersson, 2001, as above.

In particular, beads coated with at least one linker for isolation of nucleic acid
molecules may be used. For example, the beads are magnetic beads and are

recovered by using an external magnetic field. Alternatively, magnets may be
integrated into the system.



In particular, beads coated with at |east one |inker
for isolation of nucleic acid nolecules nay be used.

wo-eno4@xanpl e, the beads are nagnetic beads andrar/8G2003/000261

recovered by using an external nmagnetic field.

Al ternatively, magnets nmay be integrated into the
system 30 WD 2004/ 046305 PCT/ SG2003/ 000261 29 A
further enbodi nent of the invemgion is that the system
may be an automated nucleic acid extractor. For
exanpl e, the different chanbers of the system nmay be
i nked such that there is mnimal need for human

f
Lg%@{;%ﬁ%gtbﬂgbﬁd rﬁc?‘r?toérfgﬁé 6%6‘885 Sleisj t{g?ghumq ts%{amdm he,ap jgutomated
ov emaleicbiﬁcm rextraster.t iFfoe e;fﬂ;iﬁlfglfé @meggﬁe@ig:%éﬁ o the system may
e a
or TR G HBAT et 1 Enah depdi for BUT@ndRIandntion, fhus lsaving
t hfPessprole‘PS’r&S cOHitaBHRATNC Hord' ?‘B oﬁd@g?b@i%g‘e%ﬁea%p HJy the overall

Furthernore, the present 1nven

5f oprocsss attme;g Thebpstemacanl alsd berd eliggosables antbrhhRd system for

sy as. descri bed abov The |nvent|on al so provi des
?ﬂég‘l’%ﬁ’%ﬁ’ © cRY§P&r 4 g"”t ieXauwle; afphicleichacidmextisator for the

Comfp&e@,g}f@fenbﬁﬁébr prStESRMA Afdlysds @ Tirst chanber a

m xture of: | east one tissue sanple at 15 | east

one enzynmne for di ssoci ation of the tissue sanple and

cctarne R ¥ resBhf BhiEotaliocs & Fiffood i Ralies nuciic acid

10optnhazbexajld>3/uanghm1wyterﬁ@s declislesabdret i on, and
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optionally a chanber for waste coIIection; 20 the
chanbers being optionally connected to each other. In

pa"lﬁbCMl/é\*itlont Ro' PeisC] rﬁ’i{eﬂwqddgér ?glﬁi%é&@sue sample, the

i sol at1 ng nuclelc acl ol ecu
safmteod cheprisingoat leastpr i si ng at least: incubating in

a fir, anber at | east one tissue
san‘pl’ééu%qqmgz‘@ ?3‘5@ é?ﬁ{eg%rnﬁy‘ﬁ\%dqrérOfdﬁEéQﬁﬁt &neofissfe sample, at
the tieastshesaiBirRe i lsSBHidtRIN S1AhYHs8% sample, and buffer solution;

disrupting the tissue sample in a second chamber acting as tissue
disruption channel;

optionally a chamber for cells collection, and
optionally a chamber for waste collection:

the chambers being optionally connected to each other.

In particular, the invention provides a method for isolating nucleic acid
molecules from a tissue sample, the method comprising at least:
incubating in a first chamber a mixture of: at least one tissue sample, at
least one enzyme for dissociation of the tissye sample, and buffer solution;
disrupting the tissue sample in a second chamber acting as tissue
disruption channel;

lysing cells isolated from the tissue disruption channel in a third chamber:
and

collecting and isolating desired nucleic acid molecules in a fourth chamber;



di srupting the tissue sanple in a second chanber
acting as tissue disruption channel; lysing cells

WO s@dateads from t he tissue disruption channel |PCHEHSGHI08/000261
chanber; and 30 collecting and isolating desired
nucl eic acid nolecules in a fourth chanmber; WO
2004/ 046305 PCT/ SG2003/ 000261 30 the chanbers bei ng
optionally connected to each ogder. Any one of the
system (device) of the invention optionally conprise a
port for input tissue sanple, and inlet and outlet of
the tissue disruption channel for 5 connecting fluids
an [ ' [ [ e first
o RN al, oot e e e ot ure.
For exanple, the incubation can be carried out at a

copstant .tenmperature, .preferall /C . The incubation

PADY BBeiar BF BeRBn Vb eibe niantin catonauy ol 2 port for

sapplLietissusample dite st ho abf e 8yd i

skiﬁFI ed per _s?r%'i n the art isoggﬁoéen. A Sﬁ?{sg?yttrﬁnghannel for
5 wi ¢ennestiag fuists gndpames reanactivélye a | onger incubation

will time will result in the degradation of RNA. The

hydr odynam c shear force applied within the tissue

di Sheipincobaiidraninethe ¥rsgronaudry mzgdbecsaiis) tdfSHE a suitable

sanpl e S{ze gntil it is fully disrupted and cells are

r elCERESAlUreH EOR §XPRIRle attiedinsBbalien €3N hhiceristheoutidé a constant

RA, n e l from.the sol ution

accordi ng r?’ogéégéra?m%??d E@?ﬁi@%&ﬁgﬂﬁ'ﬁ% Hgter efdent of the

10 Fosizexainpeetisshy saltbleg Seralsie daaitRiion dlrafibn! 8AGENOHE a skilled
i nker ang recqvering the nucleic acid nol ecul es boun

t oPEFEN I M@ AE Is PRESER A ShRHYr time Wl daveirodsadeld ciRNA while a
: . ' i . nets

engeL PEPAIGTWARENR) SRA0BRE debBdah SRRy

be isolated by using beads coated with at | east one

lipker, c risi.ng ,oli d(T).,.The oligo d(T . )

r eﬁﬁﬁm?@g@%&ﬁ‘a“‘ﬁiWf%fﬁ%é‘}%‘?@ W'@‘d'h?h%ft&'ﬁilé #RIgRtion channel
gradually reduces the tissue sample size until it is fully disrupted and cells are
released.

1

[6)]

The nucleic acid molecules, which include mRNA, RNA and/or DNA, are
collected from the solution according to any standard method known in the
20 art. For example, by adding beads coated with at least one linker and
recovering the nucleic acid molecules bound to the linkers. The beads may

be magnetic beads and collected by an external magnetic field or by magnets
integrated into the system.

25  For example, mMRNA may be isolated by using beads coated with at least one

linker comprising oligo d(T). The oligo d(T) recognizes and binds to the poly
d(A) of the mRNA.

According to another example, mRNA, RNA and/or DNA may be isolated by

30 using at least one linker wherein the free end of the linker comprises at least



Accordi ng to anot her exanple, nRNA, RNA and/or DNA may
be isolated by 30 using at |east one |inker wherein

wo b@4foneses end of the |inker conprises at | eastP&I8G2003/000261
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2004/ 046305 PCT/ SG2003/ 000261 31 one nucl eotide N,
wherein Nis A, G C T or U For exanple, |inker
conprising NNNN, NNNNN, NNNNNN can be conveniently
used. This technique is knowzias the "universal

i nker™ technique. An exanple of it is described in
EP1325118 A (herein incorporat ed by reference). Mor e
in 5 particular, the "universal |inkers" are randonly

g r : ai %'@W n f Ahe invgnt :

g‘r%ggt ﬂ)ﬁ%{)ﬂgﬁ Itf\ly \grr]r ng{rlgSeAt h%’ (EI gsr?g QI S@@g,&?,}{'%e’ linker

amdnmprisng NN DINENBS, th&\wmelcent beocencementpnysed. This
stacles.in bi oMEMs, in

rqocess, of sanple oo
O TR i kngha endbeaunD oma JNEPE: SENDEE: dyHexemple of it is
CQfH%bﬁEé‘d |}KA§P1‘BQ'5%837\6 I‘fé\%ﬁ'plrﬁc& oPfB 05\%“ F&erence More in

nucl er ¢ aci d nol ecul protein i1sol

t ipssiiculamithe amivdrsal Im&ﬁmi’l @e r&n@mml%@eniaratedsue sarrpl e,
in a conpletely autonmated fashi on. An enbodi nent of
the invention is a nethod wherein a clinician deposits

a Cartdih GrhbSdeh® bh the ihRSRBhasky Geety Remely 8&d improve the
nucl ei ¢ _aci d nol ecul e and/or protein_isolation process

15islak elissiciedionwand odisruption HypceRsean T|’\¢Neh©|§ntq GYErcpRe many
p%?ﬁs&é ‘F% '?HC!)B l\ﬂg' A HP! S é‘es%.s o?rgarﬁ@ ﬁ?ed)%?%ﬁo'?r and enable

st ore appropri at e ant |

f Lﬁdcél%rate@ elevEiopivRing oﬁéfd@ﬂfblé’té Ni-FASL wHién iafy @abhbie of performing
|nclude articles, devices or systenms 20 preferably

VENGSIeip peREmBlesHie and/pEpmREsin ne@latrqrt frgareﬂ%ﬁueemnb@s,yhr example
t
| 5H ‘:soh(‘gj SR %%ng%n ik Qf 0 le C i a@e H;oa . Aﬁ%ﬁgedrment of

di ssocl i on cha

attheeraséntroneistéSraemodaWpérerraadclﬁlﬁcrére@l@bo@rﬂaﬁ aeolinicaet dandple in a
does not, accept use %lq_evr ce for nmechanically

hJREGEAF'S: 3N eft“?'@ ARG malﬁcelﬁzan%@rypr%em.l&@f@n process
d't%ﬁ@@;ﬂé?r—f)r\/vi‘?ﬁaﬂbﬁfrth‘e?eﬁurﬂ?ﬁ er'rtﬁi?r W-h8 ?u@ﬁ%d nucleic acid
anically acting device nngenrzes I Ssu
f omolecuies| areacgidatetbrin a Ahrsnoand retoredz gpproptiateht |ustrlurequrred for
difs.zt ci ation chanber dissociates a tissue by
E at | east one tissue sanple and at | east an
enzyme, preferably one of

Certain embodiments of the invention include articles, devices or systems
preferably MEMS, bioMEMS and/or uTAS that include an enzymolytic tissue
dissociation chamber. An enzymolytic tissue dissociation chamber refers to a
chamber that accepts at least one tissue sample and at least one enzyme but
does not accept or use a device for mechanically homogenizing the tissue. Thus
an enzymolytic tissue dissociation chamber does not function with a
mechanically acting device that homogenizes tissue, for example a grinder.
Also, the enzymolytic tissue dissociation chamber dissociates a tissue by
accepting at least one tissue sample and at least an enzyme, preferably one of
the proteases disclosed herein, an equivalent thereof, or a mixture thereof. The
enzymolytic tissue dissociation chamber is preferably adaptable as a MEMS,
bioMEMS and/or uTAS device and therefore is preferably adapted to use with



t he proteases disclosed herein, an equival ent thereof,
or a mxture thereof. The enzynolytic tissue
walk@goeizat i on chanber is preferably adaptabl e BST/8G2003/000261

MEMS, 30 bi oMEMS and/or TAS device and therefore is
preferably adapted to use with WO 2004/ 046305

PCT/ S&003/ 000261 32 snmall tissue sanples and snal

vol unes of enzynes. The chanbeg2is preferably |ess

than 100 pl in volune and the sanple is preferably

| ess than 100 pl in volune. Smaller volunmes are nore
preferable, with less than 50 pl in volune being nore

pr &gl BddLR, sdn%iés EH B \.@lun‘f% 28/ e@gT C#Mr%egtjs preferably

preferable, and ess t han
pr lese than éOOThlememlyrr@I snd ¢he lsampm i ysmfmablg/l less than 100 plin

f bI bl d th ot he
o n 2B STl LB Bl aRhiors it 3G Mah 1P dramAG ol in volume
i nb@hg edorieNprefdrablee [cHsSHaai /) bPVoIé‘x‘?\@/ &‘m%gégtﬁ&é Weferable, and

cell disruption, or nucleic acid I"ecul

5 priseed@niyul VQ%WthQ@ aost Qlfef@ﬂfaﬂey& s. The ot her
chanbers may include, without Iimtation: chamnbers
for proteases or other enzymes for tissue

di fb@enaymomxc tissed eiiEsecialibn k@:htamb@r i Fféféfafbly pgg%%ﬁn associated

det m cals, sol utions,
vva‘é’{'égogg i Qﬁ?mgﬁr%oﬂi*ﬁ §th¢rnP*é%mb@ﬂ5t baVQ)@Eth?@’t fq:m:iloss involved in

pr t
P ISR iaiof eREaRIch, PIUGPRIIE JofUPEEHAS molecuies
10 d| BIOGRSS NG lehlahﬂ@randéorfanalmaﬁ'eet othgr tharmbetsdmial itdiude, without

a1 inyBHO R R RS Tot Selkaecs i dhenerEumpae tisub dissoctaton,
de@@t&d@@dnhi@ft@#sn buffers, ‘Wé&'ﬁ%ke g{ﬁrﬁé etfhe%éfalge grﬁﬁ@gé salts, or

separate dissociation 20 and sruption
by'esiggals; wane eolipatian lpomtwrmteéspm'bs rm;tlealmtsbeproduct collection

VERETB7 S TR ATV SRR ol prembie. Heohisraih.oulet of the
15 ontissiuiep disauption whepdtsert i For | dndehiny bl FBIE m;gu':’r and a pump

di ssoci at on using enzymatic nmethods and tissu
dl‘?rsﬁﬁ‘fl‘@h’ according to any enbodi ment of the

i nvention. The MEMS may be single nonolithic devices
or several mcrofluidic nodules, which are associ ated

wi $eparatiomtpegeadske mial halsadie operably associated with the chambers
described herein. For example, a filter may be used to separate dissociation

20  and/or disruption products by size. Other separation processes may also be
performed.

Certain embodiments of the invention are a MEMS, bioMEMS and/or MTAS
device that incorporates on-chip sample preparation, including tissue
25 dissociation using enzymatic methods and tissue disruption according to any
embodiment of the invention. The MEMS may be single monolithic devices or
several microfluidic modules, which are associated with or integrable with each
other. The bioMEMS device may include processes of PCR amplification,
electrophoresis, expression profile microarray analysis, genotyping, etc.
30  Alternatively, the MEMS can be incorporated into an integrated micro-analytical



ot her. The bi oMEMS devi ce may include processes of PCR
anplification, electrophoresis, expression profile

wore@roaspay anal ysis, genotyping, etc. 30 PCT/SG2003/000261

10

15

20

25

Alternatively, the MEMS can be incorporated into an

i ntegrated mcro-anal ytical WO 2004/ 046305

PCT/ S&003/ 000261 33 systemto performthe downstream
anplification and detection fggctions after nucleic
acid isolation which can be applied to diagnostics,
drug di scovery or bionedical research. Exanpl es of
NENB or bi oMEMS t hat perforn1sone of these functions

ig%%;gqp eg‘oéln 932%@%% 48 ”%ﬁgaﬁgﬁ %@d g’fg&gmﬁ%ncttons after

6 rRiERIS BE ﬁo&’ﬁ&n%ﬁmhﬁcaiﬂﬂneﬁﬁpbheﬁ td 7dag8astics, drug discovery or

wibiQHedFE! FBEAE. THcaR B ckiaNSy O HAVERES thtridstiom some of
A"!R%ébe %{@/%dwéf@giunefmt@sswa Nds0B, 675 864 @46&98@0 6,468,761:
met hod 1 n

/or {i TAS based mcro
f 16/44M1,G0 tiewdd@,7ab; 6y37emMG; cﬁS‘éEuBﬂﬂ‘m@ 38 1822; 64741,/ 7; 6,179,595;

Der et AL TSGR b S0,V B P AT 6 SZh R 1ofER Ry hereby

f rigsdipbiatsisy AterehtaRerkifi sSsue di ssociation is
provi ded. The process for bio-sanple preparation

conprises incubating at | east one tissue 15 sanple in

a”AA&ﬁ&P&hbg{im‘f&ﬁ'&f%s n‘?\PéHtBH% h%ng"@fs%%féd% MEMS, bioMEMS

conpri Si hg 'ea one SSOCI at

t hand/orsgTAS based xaiop ﬂundw déﬁaemr(@sgemﬁoymjt@matlc bio-sample
collagenases or the |ike),

mi RenrEatioRelnshis embrginent,? énetgﬂé theﬁ,ﬁgn@pgs 5@%&‘*@%@@' enzyme
;ng%rﬂd h)t/d(]%dghérﬁ}be RHMb R f%hﬁggﬁ a8tk afE Lfllo%eﬁrt?stsH? SClISSOCIGtIOﬂ is

ease art fromthe tissue sanple In
st@pvidad. t he di gestl on procedure is 20 controll abl e,
di gestion reaction can be termnated by the tine that

i ndi vi.d cell is released from.t qt}rqa ?
BIOCERS {4 °§?H§3ée PERRAFOD GQLAPTEES ‘B‘F‘@’ geagu?aeﬂ one tissue
eswﬁpléhﬂu ¥n mati@hesh\éﬁhderpwtoe@w%hybaﬂ@r ¢drh9ﬁé|n§ at least one

conpartnents. In the intact and viable cells
wherzyme fondissaciatiopr oft S dssus, diestexeymplae protease (e g. Trypsin,

yg%l[s%ﬁﬁggégsdr thg h%@i, celﬁﬁgé, c?rs‘lﬁp%%, 811 é ¥m%u¥g ltlj?ertegﬁ Te%#peratu re

and time are controlled until the tissue sample is softened. Cells are released
partially from the tissue sample in this step. As the digestion procedure is
controllable, digestion reaction can be terminated by the time that each
individual cell is released from the tissue sample. In this stage, any species of
bio-molecule, especially RNAs, are well protected by the intact cell
compartments. In the intact and viable cells, RNase, which is the main
protease to destroy the bio-molecules, is well kept essentially within the
lysosomes.

The softened tissue sample is then passed through a specially designed
disruption micro-channel to further fragmentize and release the cells by the
flow force generated by a pump or created under aspiration (under vacuum).

Besides employing chemical enzymolysis to dissociate the tissue sample, the



The softened tissue sanple is then passed through a
specially designed disruption mcro-channel to

wo ootloed303 r agnenti ze and rel ease the cells by petiESGLU08000261
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force generated by a punp or created under aspiration
(under vacuum . Besides enpl oyi ng chem ca

enzynol ysis to dissociate the tissue sanple, the WO
2004/ 046305 PCT/ SG2003/ 0002613434 present device al so
utilizes hydrodynam c shear force to break up the
tissue sanple so that it becones small enough to pass
through the disruption channel. The tissue disruption

h .
CHFRREh 5SS 358, AlizhS RHRelBEnSh o8, RAPRDERER. bR tssue
peainplersd itieat) it begbrass ssmelf erwught to qasenttmadgrarthe disruption
outlet port (orifice). The region(s) of constriction

hgbaanelspal | er-cross sectional area as conpared to the
| nlet/outlet port. Wth a constant liquid flowrate

@%u@%sﬂgﬁ&H@HaﬂﬂeF 85 of th8ué | i FS %%bhibdn@nts Each

reater at the reglon s of constri han at
t Imesme;ﬂdcsrupmngnmhmormﬁtcmnsims Tiears dhleb rpsdt (oEfieed, region(s) of

hes al o |
© KPBaERTan Sriban e s e rhe s aE 8" b Sfistion hes a
t%lfé‘i’-l&‘@éjs (s%’eiaﬁélea}ea 23t eomaldd RO em@smgt/@d’@tsmr With a

force generated by the ragld velocity profil

( rdopstaa . hqwdsﬂow-rfat@qwg tﬁh@ndlﬁmlémp@m%thﬂ‘lﬂffw velocity is

. Ssﬁﬁgﬁ?a 89% gg@gg{ Qtoé Olgéﬁ'@oﬁrt éﬁ%ﬁt tR?.'Q'&S or outlet ports.

Samé Softeficl hessURtreedRe bdong € |ditectiba o‘stfbm able squeezes
cell lysis step is perfornmed by introducin

mithe dlﬁf@tlgncqmm@]ent%ﬂanwgﬁﬂbeq @swaﬁ%h% ceuxed (crunched)
buffe S ]

ooEtial ek By Sy o B oS8, il veocty proe
t hirippigh. nguetﬁr@gmeatmmnvﬂakedn plemeabsdhedmspetpaﬂwsvdhrcbugh the
MVENMS, Dj ol\/E and/ or e%TAS Total nmessenger RNAs are 20

obiSSHR sruH QCPPIReRE: m and are suitable for the

det ecti on of speC|f|c gene expressions. The

ad’Yﬁé‘ﬁﬁQ%dOEelfgfhﬁoWth% ARl @ rd/Ehen s}&'bﬁé\ﬁé@to a cell lysis
and/ or pTAS an m crofluidic con‘gatlblllt
n

ef $tepi €he gell {mieatep isfpasiosmed dynintintineing dhe mlxture into a channel
and mixing it with lysis buffer. The lysate is subjected to nucleic acid molecule.
For example, poly (A)+ RNA isolation through magnetic beads, which is also
compatible with MEMS, bioMEMS and/or uTAS. Total messenger RNAs are
obtained in purified form, and are suitable for the detection of specific gene

expressions.

The advantages of the invention include MEMS, bioMEMS and/or uyTAS and
microfluidic compatibility, high efficiency, absence of cross-contamination,
reduction in the required sample size, automation and possibility of high output

and so on.

The invented microfluidic tissue disruption device comprises at least a sample

incubation chamber, a series of tissue disruption channels, an inlet and an



25 reduction in the required sanple size, autonmation
and possibility of high output and so on. The
WO paoeode0s m crof l ui dic tissue di sruption devi CEBCT/SG2003/000261
conprises at |least a sanple incubation chanber, a
series of tissue disruption channels, an inlet and an
WO 2004/ 046305 PCT/ S&003/ 000261 35 outlet. A

m cropunp or syringe punp cans3pe connected externally
or integrated inside the device. Alternatively, the
fluid novenent can be created by applying aspiration
nmet hods. One exanple of the system according to the

BB S Ao b p A SBO Bty o gt
diisdide theodevichanitehativaly | thedlais novetrett byn beseeates! mf applying

s ol oS TRSRRDL o 2t SR Herion

r (S onstriction and an outlet port as shown
i%g‘b?@dﬁgg"g%agr:id 10. The 10 region(s) of constriction

5 has a sharp edge. The ratios of the inlet port/outlet
port .to the reqion of "constri,cti.on vary. from.2-5 .. .
DA g BREAGH iru Ot sy Sy bt e d ntPhls' GRCHSU? disruption
chaagfsl. at AeohSuEER DY sefed \6itstib Shstplin® Mobfiom@nts. Each
stuck in the disruption conponents. This design al so

i tissuasksruptieg épsmaensreconspfipes @icgaskameines pal @ region(s)

desd t he disr ' e e. jN

53, PERa ot LB SRIP Bt Mg R 10, e
10 Saediin¢d) of cosstrction has sheharp adde.gline ratldshofitiae 1ril& port/outlet

The | ower | ayer and upper, | ayer_ of the devjce are [Taﬁle .

of POTH Sb@aneSkﬂﬁ‘é%)eOfd%ﬁnﬁE'C@?\ﬂ:Vﬁm fmm&-ﬁ&&n%@e chganel. The size of
mddl e ay. j ; f irnf i

T 45 AR ARl B O bl RS A 88t stk i
t hhe didraptidressomperéntpl affis wiesignO@sDoidCIrasesi dhaedisruption

using. | aseg cuttin chi ne. . The upper |ayer, |ower ,

| 25/6FeBRY PR BOPSlEr Cerens Bh SRR FITppngt are shown in
15 bop@hﬂg1bayer (VST Acrylic Foam Tape). 25 The design

of tThis particular exanple is to denonstrate the

wor ki ng principle

An example of this device, which has a sandwich structure, is shown in Figure
11A and 11B. The lower layer and upper layer of the device are made of
polycarbonate using CNC milling machine. The middle layer consists of almost

20 all the features of the disruption device. This layer is fabricated in thin
stainless steel plate with 200-1000 um-thickness using laser cutting
machine. The upper layer, lower layer and middle layer are bonded together
by a bonding layer (VST Acrylic Foam Tape).

25 The design of this particular example is to demonstrate the working principlé
of the invention. This, however, shall not limit the usage of other designs and
dimensions.

The fabrication methods for such a device can also make use of other

30 methods like etching in micro-machining, molding and hot embossing. Figure



of the invention. This, however, shall not limt the
usage of other designs and dinensions. The

wo admioeds on nmet hods for such a device can al SBCTYR&E03/000261
use of other 30 nmethods |like etching in
m cr o- machi ni ng, nol ding and hot enbossing. Figure WO
2004/ 046305 PCT/ SG2003/ 000261 36 12 is an exanple
usi ng the invented technol ogy ggor disruption tissue
sanpl e; subsequently, the extraction and purification
of the bionolecules are required. 5 The system of the
invention may be made of any suitable material. For

i.C [ i ; :

- 8N a% p&F l?%lrng gtbcﬁﬁ\éé’lll?eg%lt%gméﬂoﬁg HSEWisruption tissue
p@ayﬁplrd? andise uehthgl thenekirgbtiont diad pytiddatioprafthdebiamolecules
cheaper | and di sposabl e system 10 A further
erB8dPHERd-of the invention is that the system may be
used as part of a diagnostic integrated system
suitable for forensic testing, clinical diagnostics,

5 velter isyatey aofdther imgntionl mayabe dinadeostt iaoy. stitablengnatenial. For
generally descr bed thEE*nvent'on

th ill. b
ré%dgew Silieon, REelestib ey hPdigt: ARG PPlygrg such as
| | i ust s o:ﬁ’@%la%ﬁ% GhdapSlyRhet gﬂﬁ%th&)’rybé@é’ ;ﬁévnde a cheaper

and are not i ntende imting of
tiﬂﬂ¢mes@ﬂﬂﬂesmﬂsnt|on. 20 Exanples Exanple 1 25
Trypsi ns and col | agenases were used as exenpl ary
nodel s of certain enbodinents of the invention. The

10 PrRG@svesehbb@idht g ted Mvahtion A8V the 3pBlent atyebé @sed as part
ot her types of tissues, including human tissues,

tl@fSl?e lagl%ﬁtﬁogrgegragggegystgm qqﬁ@blei Wer fogensic te%ltmg, clinical
i ghgstﬁg,r %ﬂ%gﬁﬁél‘i’(ﬂ’op%gg&?tdrél\’(ﬂé MGsticearried out as

arves I'ssue s cut into 2 mB
sanple si zes, follomed by washing twice in 500 | iced

Ph hate B ff d Sal PB EDTA | ut
|§§€|n8 n%w lgjgengrr ?Iy de%clrlged $ Sr?ven’uo Iensame wnlfgeumcl)l%nreadlbly
15 understood through reference to the following examples which are provided
by way of illustration, and are not ,infended to be limiting of the present

invention.

20 Examples

Example 1

25 Trypsins and collagenases were used as exemplary models of certain
embodiments of the invention. The process set forth herein are however

applicable to other types of tissues, including human tissues, plant tissues,
adipose tissues, and the like.

30 Trypsin-EDTA digestion of rat liver was carried out as follows: freshly
harvested tissue was cut into 2 mm?® sample sizes, followed by washing twice
in 500 pl iced Phosphate Buffered Saline (PBS). Trypsin-EDTA solution was



WD 2004/ 046305 PCT/ S&003/ 000261 37 added to the
ti ssue sanple, which was incubated in a shaking water

whadh/oad3087C for 30 min, and triturated from PCTYRGL003/000261
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time until no further tissue disruption was observed.
A simlar procedure was foll owed using coll agenase,
except that: 1) incubation tinme was increased to 90
m n and shaki ng was not necesgary; and 2) 5 gentle
flicking of the sanple was applied instead of
trituration after incubation. The cell suspension
obt ai ned using these procedures yielded a honbgenous

S P RS S S g o 7

WESIB M enith hand: Bltliratedlorf thes tcﬁﬂm@furﬁi}( perfunmrtttésue disruption was
paraneters were studied, includin anpl e treat nent

@Pﬁﬁ@esie PesiMilgh presesiire wasHelkewe Hﬁlﬁlﬁ BOGRASEEXCEPt that: 1)
i8R tﬁj@eﬁ/%\é %r%é?ﬁd BRR r‘nﬁ*ﬁéhd’@héﬁn%@)ﬁ%'n“o@heoessary, and 2)

ation ty counting was carried out
a gantlecfhckmg) of ther sangpkef wah eap@ilgtémstcend pétrftmaﬂan citer ingAibation.

ARSI S 5Ll SRSl o o T SRS nomogenous

d ' éﬂ)ﬁﬁbhoﬂﬁa't Rodifl BAISRdERRT dckinsteanRINA iidIsticin 8y PIRIZbY directly
wer e checked by UV-visible spectroscopy. RNA

i nwithput pelieting artvéashing g callsr ose gel el ectrophoresi s.

For sanple treatnent, incubation of sanmple in

trypsi n- EDTA at 4C over ni ght before digestion was

f dusaries ob experdmpataeh pbmnaetsheen htﬂdiedeirmdutﬁng aample treatment,

conventi onal hac/ﬁ‘ used for ti srg ? di ss @m on,, | tt' vvaa " q
al YHYM5, REleC PIVRE SPoeeratpn rigestion” duration an
Z%ﬁgté?% st [th}ﬁsh,%l abEstiop’ C@H Qiébﬂﬁy’c&ﬂfﬁiﬁb@/vaé"@érrled out as a direct

esteéd. Further di'ssecti on made no
Si r@nhmrmmf tbefdﬁ@s@m perfarmanrced iR)A igatationgearn dhergal sUspension

(L SRISNEE RFEEL R, oLl BB rgScl BRERAR, gooston i

I nRNiAO'@{eBé@aﬁ@H SRNRS yisid f and e paitye werac ashetréd obyansl/-visible
volume, 0.01 %to 25 %of trypsi n- EDTA was

ef $F@9@"P§@0PWN% "‘(')e@ ity s sheckes! by agarose grtelestrprhoresis.
preferable. O her concentrations could be used,

however, by adjusting the tine of exposure to the

pr BoessmpldCraatnad ity incabhiighef semplarm trgpsinek DA at rddGgevernight
bef%ré Ei%e%ggnl was found to be .comparable to the other methods
conventionally used for tissue dissociation. It was also found that 2 mm? size
of tissue, which is approximately the size of a biopsy sample, was effectively
digested. Further dissection made no significant difference in the digestion
performance. As for enzyme selection, trypsin-EDTA, collagenase type |, IV and
Vit were all proven to be effective in isolating cells.

As for enzyme concentration and volume, 0.01 % to 0.25 % of trypsin-EDTA was
effective, while 0.01 % to 0.15 % was found to be preferable. Other
concentrations could be used, however, by adjusting the time of exposure 1o the
protease. Generally, a higher enzyme volume in a range of 20 pl to 500 pl

afforded higher cell yields. Cell yield from using 20 pl of trypsin enzyme was about



30 afforded higher cell yields. Cell yield fromusing
20 | of trypsin enzyne was about WO 2004/ 046305

weOABE3003/ 000261 38 40 % of the yield from PST/8G2068000261
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pl enzynme. For coll agenase, 5001 of 200 Um enzyne
sol utions were used for tissue digestion. As for the
digestion tinme, for trypsin-EDTA digestion, 30 mn
was found to be effective. Foggcol |l agenase digestion,
1 to 2 hours was effective. Table 3 shows further
experinmental 5 conditions. 10 Table 3: Experinental
settings of tissue digestion by enzynme. Enzyne type

Vohy . i . . ,

rindr B ERVISR R LaRgZ5Ray AfeBef afdtinale, soop! of 200 Ui

C@r\{zﬁgemmdn)épﬁerb MY for ti260e gﬁst@@ a3 rﬁorF}Hecdiligagtlon time, for

Col | ag ) e IV 500 .1 200 90 FLi

o@Wpﬁg%@E@ élgs%tlom 190 500 wagdouns ip 89 %ﬁ%ﬂw. FQ?r&?"agenase

'E‘@e dayghen ¢ 2‘3%%\% = %ﬁ@&l\fer OfAbd) 3%n gvs"mherraéxpenmental
r ti'ssue is about 10 celTs per ng of tissue

Cce:bhdMoam lity evaluated by trypan blue was found to

be between 97 %to 100 % 15 RNA isolated fromthe

enzyme di gestion approach was conpared with that from

a conventional honogeni zati on approach. Gel

el ectrophoresis images of total RNA are shown in

Figure 2: Agarose gel of total RNA run in TBE. Lane

fromleft to right Lane 1: high range RNA marker 6

| gqu}%ﬁng feu tt|nlg;§gofktt§sgel£%gé%log5qyggnz(y%% tgne 2:

Lane Ehzyltn@ttﬁbe ﬁ:?J&Voluﬁﬁ& Bt &t piration | RegGaA Gindey|pe Agitation
Lane 4: total R h i sol af ed by col |jagenase tyde IV,
Lane 5: total RNA isolated by colljagenase type VIII;
Lagps®-ED®Aal RNAS(G050] aPEFANO 20048046805 Shaking, Pipetting
PCT/ SG2003/ 000261 39 by trypsi n- EDTA; Lane 7: total
R lbg§éH=8t 8ghely wamgen 2pau/@n.  Theo piresence Blickirghe
t\?\%bdl sti nctlve IRNA bands at 28 § and 18 S i|ndi cates
t hni thae tot
Cfollagenase‘fype IV 500 wl 200 U/ml 90 min Flicking
Collagenase type VIll {500 yf 200 U/mi 90 min Flicking

The number of cells isolated from 10 mg (2 mm?®) rat liver tissue is about 10°
cells per mg of tissue. Cell viability evaluated by trypan blue was found to be
between 97 % to 100 %.

RNA isolated from the enzyme digestion approach was compared with that from
a conventional homogenization approach. Gel electrophoresis images of total
RNA are shown in Figure 2: Agarose gel of total RNA run in TBE. Lane from left
to right: Lane 1: high range RNA marker 6 kb, 4 kb, 3 kb, 2 kb, 1.5 kb, 1 kb, 0.5 kb;
Lane 2: low range RNA marker 1 kb, 0.8 kb, 0.6 kb, 0.3 kb; Lane 3: total RNA
isolated by collagenase type [; Lane 4: total RNA isolated by collagenase type IV;
Lane 5: total RNA isolated by collagenase type VIII; Lane 6: total RNA isolated



species were well-preserved. 5 In general, the
approach afforded simlar results to conventiona

w@e@smsses, such as that reported (ChontzynskPCT/BG2003/000261
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1993, Biotechniques 15, 532) using honobgenization (60
-100 ng; Invitrogen Protocol). An OD ratio of A260 to
A280 was found to be 2.08 to 2.12 neasured in PH 7.4
PBS buffer, which indicates 3he RNA was of high
purity. 10 One possible schenme for inplenenting
enzymatic tissue digestion in a bioVMEM systemis
shown in Figure 3, which depicts the design of a

a d [ § r
L EOTATLa0g TRl FR KRIABY o7 holbyoh BTG The Prosence of
rhe ttwof distinetiee rRNA basdeat 2818 end (1) Saindisatescticdithe total RNA
port. for the 15 d“% 8ted solution; and (4) a waste
herissverp WelaRiPPe YRS the il lustrated p-fl uidic
cartridge could also be integrated with other
downstream bi oMEMs processes, such as cell [lysing,
nucl eic acid separation and detection. Another exanple

ilﬁ herA S8 4 ré:écﬁﬂéfﬁ)r@ed Wik réRIS IS ten®ntiohhl processes, such
chanbers for buffer and protease solutions (not_ shown

i@ tthat friegortey; (@mmpzyr@kl aRd 11Ae%bBioteshnigeemeld. 1568} using

20 lid,.t | f ti
atpomﬂggg%ﬁwér'}]ngj 198 ﬁgg, \&t%%gﬁlﬂ?ﬂ&%CP@r A@\éﬁ)‘rﬂ% Tatid dfoA‘26O to
thgs@uﬁéselfo@mtdnb@t E@SGtoSQHl:E hasurddin P 704 (RBS bOffer which
Syrin punp connection port 4. According to
alnd@a?féﬂh@é?"é@r‘dtﬁﬁ el pufihe devi ce of the invention

can be nade in 25 a wide range of materials typically
used for mcrofabricated systens. These i ncl ude, but

are not limted to, naterials such as a S|I|congva
sPnec Roggibler schprey dPidtplamBeNting Sraymatippiigue estion in a

e A AR Bl 2V BT e, PN or b fidic

aodr trolgeagmsistiag ofg & chambessfoe baﬁpﬂ amcy pmjda&;e; solutiong;q2) inlet
¢ 8001 RO OBl @chau (ssur SAPBl: ) & cotscton p8it for the

digested solution; and (4) a waste chamber. In addition, the illustrated p-fluidic

cartridge could also be integrated with other downstream bioMEMs processes,
such as cell lysing, nucleic acid separation and detection. Another example is
as seen in Figure 8, which consists of (1) chambers for buffer and protease
solutions (not shown in the figure); (2) inlet and incubation chamber 1 for a
solid tissue sample; (3) channel 2 for disruption of the softened tissue; (4) inlet
3 for connecting the buffer and protease solutions; (5) micro-pump or syringe
pump connection port 4.

According to alternative embodiments, the device of the invention can be made in
a wide range of materials typically used for microfabricated systems. These
include, but are not limited to, materials such as a silicon wafer, silica wafer,
polydimethylol siloxane (PDMS), polycarbonate and polymethyl methacrylate
(PMMA).



5 freshly harvested tissue was cut
in weight) sanple size,
waod4phe3nted Phosphate Buffered Saline (PBS).
Trypsi n- EDTA sol ution was added to the tissue sanpl e,
whi ch was incubated in
for 30 mn,

into 8 m8 (10 ngy

foll owed by washing twice in

a shaking water bath at 37C

pi pette the solution until

no further

ti ssue disruption was observed4g A sim |l ar procedure

was followed using 10 col | agenase except that:
i ncubation tine was increased to 90 m n and
force was not necessary;
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I ment,

r concentrations could be
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shaki ng
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instead of triturating after incubation. By
0.01 %to 0.15 % of trypsin
concentration was found to be
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EDTA pi petti ng
kthﬁgso utigrntil no further

p'ﬁ&tute' G%ruﬂo%p%so%@)%gﬁle@cmggﬁ%ﬂgﬁl Qggtﬁﬂ' hs TRflowed  using

cell suspension obtained usin proce ures
10 y| edlegenastanegehdmis 1) dndubation tirhatwao inatebsedisedd®d anin and

a RNAlsoIalonb TRI zol neti c beads.
TrePHE ] FOrFR WS Bt st A 18) g Thkjag “WaS applied
tlmst@,d oﬁ/tﬁlmétlnge@‘témﬁmﬁfa@lbhe to that reported
(Chonczynski, P., 1993 Bi ot echni ques 5 15, 532) using

honogeni sati on 60 - d? I nvitrogen protocol). An
OBV &r experimernd 0004 %xzt@ Wa s foh tiyasinccopeentraipn wag faund to be

me f t
RSB g of BRI Oen kbR BRI i, owerer,
15 f r by emdljusting the time of exposure to the protease. Table 4 is the optimized
experimental trypsin concentration for fresh tissue and frozen tissue. For fresh

rat liver tissue, cell yield was about 1 X 10° cells/mg.

Table 4: Experimental settings of tissue digestion by enzyme

Sample Enzyme Volume Concentration Reaction | Agitation
type time

Fresh Trypsin- 500 ul 0.05 % 30 min Shaking,

EDTA pipetting

Frozen Trypsin- 500 0.1% 2 min Shaking,

EDTA pipetting




tissues using the invented dissociation nmethod are not
degraded in termof intactness of ribosomal RNAs

W@ b@mr4d3ns Fi gure 4 and 5, respectively. Tabl e BCWRG2003/000261
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shows the total RNA yield conparison. The data shows
that the total RNA vyield variation is small. Severa
sel ected full-length genes, like 13 actin, (3-
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anplified fromrat liver tissues with high quality
(Figure 6). Instead of nmRNA isolation fromrat |iver
ti ssues, the human breast tissue fromfibrosarcom
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yield variation is small. Several selected full-length genes, like 13 actin, (3-
microglobulin, cyclophilin, TP53 and c-myc can be amplified from rat liver
tissues with high quality (Figure 6). Instead of mRNA isolation from rat liver
tissues, the human breast tissue from fibrosarcoma patients have been
examined using seVeral specific markers for breast tumor. The specific
breast tumor markers like CD59, keratin 19, TP53, Histone H4 Maspin as
well as a-antichymotrypsin can be detected shown in Figure 7. It indicates
that our method has effectively isolated RNAs from animal tissues as well as
g:ultivated cell lines. This invention is compatible with automation of MEMS
device and is highly useful for screening/differentiating gene expression

among various tissues that are normal, benign or malignant in molecular
diagnosis.



5 The process of the tissue disruption device
including the followi ng steps: 100 dal of protease
WO 0000543015 % (wt/vol) for Trypsin and 100- 300POTY8G2008/000261
for collagenases] solution is first injected into the
i ncubati on chanber and preheated to 37C. Fresh or
frozen mammal tissue (up to 10ng) is then put WO
2004/ 046305 PCT/ S&2003/ 000261 4243 into the chanber and
seal ed. The tissue sanple is incubated inside the
chanmber for about 15 mnutes so that it becones
softened by the enzynolysis of the protease sol ution.

I is over, the softened
‘lc%eg%ﬂ(gta E@&’g{%ﬁ%%&gﬁe passed t hrough the
d| sruption channel for tissue disr upt| on wth the help
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nd protease forf tissueydisruptiion. The average cekbgn
ield for the stjandard lab nethod is 9.35 X 104.

igure 13 shows {20 the conparilson hetween the two

et hods as nentiloned. The cell g obtai ned fromi|the
i srupted tissue sanplMedre thdn passe®through the3.56
ysis step for extraction of , RNA and nRNA

T oS T O o0 ox

€pending on the requirenent,
H1 2.02 69.93

Homogenizer - H2 1.85 88.85

Mean 1.94 79.39

Example 3

The process of the tissue disruption device including the following steps:

100 pl of protease [0.05-0.15 % (wt/vol) for Trypsin and 100-300 unit/ml for
collagenases] solution is first injected into the incubation chamber and

preheated to 37°C. Fresh or frozen mammal tissue (up to 10mg) is then put



25 In this particular exanple, nRNA is extracted. As
shown in Figure 12, the disrupted cells are passed

WO booa0gd303ri cr o di sruption/ m xi ng channel w th PCT/SG2003/000261
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| ysi s/ bonding buffer to break down the cells. After 15
m nutes, the cell nmenbrane is fully broken up. DNA,
RNA nmRNA, protein and other intracellular 30
conmponents are dissolved in thggsolution. Magnetic
beads (from Dynal beads WD 2004/ 046305

PCT/ SG2003/ 000261 44 or Bionobil e magnetic beads)
with poly d(T) oligos are passed through the m xing
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usdfiiigsue evilhfthen e coftené¢ aitaise Bhi ey
hq ni ser vvafs 27(@,0 n ar11d 2920 ﬂg?‘y?gsdgéﬂ%?\%ﬁﬁe F_e(;drgent. As
t hgg%if_\}‘ﬁf‘ﬁ@é‘i A the %Pgewpmﬂoments beedrves somlles, the tissue size
M gcohidy e j i ' ho eni ser
e coies EsduRVUERIRAIY Uit Bs TR KR OB frUaha diells 6 releasea,
comd defal ttisatiet diesgdiatiah ftinmm(nsibatidrhaingg ciref Hiéir@k%ﬂbn in micro

dey, j . hi.gh t he conventional nethod tha
gieé\ﬁgg\ﬁ?{w@nﬁfghaé%m%g@‘w%ﬁhe total process tine for
extraction and purification of nRNA by the

m'é:cr%fl ui dic device will take Iess than 45 m nutes.
28 Ofiesp saidives theaverage aplpyieldas DB 16hdelpupbi mattis2e sample.

sefhd eefi idig fshglf‘gh%?/pllwiig;ﬁg‘F 49 the standard lab method, which uses
motorised mechanical homogeniser and protease for tissue disruption. The
average cell yield for the standard lab method is 9.35 X 10%. Figure 13 shows
the comparison between the two methods as mentioned.

The cells obtained from the disrupted tissue sample are then passed through

the lysis step for extraction of DNA, RNA and mRNA depending on the
requirement.

In this particular example, mRNA is extracted. As shown in Figure 12, the
disrupted cells are passed through micro disruption/mixing channel with
lysis/bonding buffer to break down the cells. After 15 minutes, the cell
membrane is fully broken up. DNA, RNA mRNA, protein and other intracellular
components are dissolved in the solution. Magnetic beads (from Dynalbeads



(i ncluding the appendices of the application) are
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nerely exenplary and are not intended to limt the
scope of the invention. WO 2004/ 046305

PCT/ SG2003/ 000261 45 Cainms 1. A nethod for

i solating nucleic acid nol eculsgs fromtissue sanples
conprising: 5 i) treating a tissue sanple with at

| east one enzyme for tissue dissociation; ii) adding
a lytic solution; iii) isolating nucleic acid

, ) Th f.claiml.further
ot oagRle Madhett Xiedi 08 Bonf dFbbass e enessd through the
f onigiagt charine! o adptireahRN/ehgide thé soienBid@skPthese beads

' h t hod ising: incubating in a first
CRERDRASFSH BP0 BISPaR M torikecs daek s dyperouetl using 4

s il ; i
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sd@shing atepss &dnally, elfwm”b%gem}i?; pe_Swjl tl*ltrgggi%e;choemrr}iﬂgg channel to
[ ' X |l s isola

¢ o3BHBh Mo BIRNATm Al ot ot chamber:  and 20
collecting and isolating desired nucleic acid

mol ecul es and/or proteins in a fourth charyber. 4. The
meRORRNA extiaaie) fromenisirefiuitie davieesist amplified bhe RTFBCR step

i ri t onstant tenperature. 25 .
g!&%lﬁ«gé ;crl‘ée;‘ Hggi%%f F 5‘.9 ;:1'? %ﬁ_oﬁs &}@eggf ﬁ'eﬁ%?@qﬁﬁ@nﬁoﬁ thé synthesis
s loé Batd-acte naRpIA e@ttrgMédWlfﬁmﬁh hBt?rdg S YeesH $étuﬁ\gdi31‘23gssue. Figure

I dual reduces the tissue sanple -
EH?’Pgﬁ?Wgr@‘#a? él%ﬁtQPE‘Bf%S igrdtheesynihesis of diRR3sadd cyclophilin
MRNA from the above mentioned sample. We can conclude that the gene is
intact.

For the synthesis of TP53, the yields from using microfluidic device and using
motorized homogeniser was 2730 ng and 2920 ng, respectively. For the
synthesis of cyclophilin, the yield from using microfluidic device and using
motorised homogeniser was 2270 ng and 2280 ng respectively.

We can conclude that the yield from using the microfiuidic device is as high as
the conventional method that gives the highest yield. The total process time for

extraction and purification of mRNA by the microfluidic device will take less
than 45 minutes.

The patents, patent applications, and publications set forth in this application
(including the appendices of the application) are hereby incorporated by
reference herein. The embodiments of the invention set forth herein are merely
exemplary and are not intended to limit the scope of the invention.



WO 2004/ 046305 PCT/ S&003/ 000261 46 6. The net hod of
clains 1-5, wherein the enzyne for tissue dissociation
w0 30040i38ENn according to the tissue sanple. 7.PdheG2003/000261
met hod of clainms 1-6, wherein the enzyne for tissue
di ssociation is a 5 protease, cellul ase and/or
i pase. 8. The nethod of claim 7, wherein the protease
is collagenase, trypsin, chympdripsin, elastase,
papai n, chynopapai n, hyal uroni dase, pronase, dispase,
thernol ysin, bronelain, cathespines, or pepsin, or a
m xture thereof. 10 9. The nethod of clains 1-8,
whergl@ the nucleic acid nolecules are recovered and
ngﬁed fromthe solution by: adding beads coated
with at Ieast one |inker and recovering the nucleic
aC|d Iec bou to the linkers. 15 10. The
hod getiod 05, Selplre il ¥ dolpculies Jrrm; tissue samples

bead%oﬁqtqszm collected by an external or internal
magnetic fie 'd. 11. The nmethod of clains 1-10, wherein
5t he iisol attsﬁﬁtlngclaeltlssmlwmbewheat seagD omeNanzRNA for tissue
and/ or L 12, The method of claim9, wherein the
li nker coff$§&R% i go d(T). 13. The method of claim 9,

wher g n t hidinies I@rds@iitidhe |inker conprises at 25
| east 'one nucleotide N, wherein Nis AL, G C, T or U.

14. TH® netiselatiog nuriginecid maeculaerei n the tissue
sanple is animal -, human-, plant-, or
adi pose-originated tissue. 30 WD 2004/ 046305

10 PCZ/ SERORBEED 36 aird 7 ﬂlﬁhet‘\cémml@ﬂgf@étdpséﬂ @$pl¥Rg Plydrodynamic
ceIIsfro ti ssue sa es, the_system conprising an
enzy RO | Q’°?|§§u%p @%@f%ﬁapdﬁ chanber and a tissue

di sruption

3. The method of claim 2, the method comprising:
incubating in a first chamber a mixture of: at least one tissue sample, at
15 least one enzyme for dissociation of the tissue sample, and buffer solution:
disrupting the tissue sample in a second chamber acting as tissue
disruption channel;
lysing cells isolated from the tissue disruption channel in a third chamber;

and

20 collecting and isolating desired nucleic acid molecules and/or proteins in a
fourth chamber.

4. The method of claim 3, wherein the incubation in the first chamber is
carried out at a constant temperature.
25
5. The method of claims 3-4, wherein hydrodynamic shear force applied
within the tissue disruption channel gradually reduces the tissue sample

size until it is fully disrupted and cells are released.



channel . 5 16. The system of claim 15, further

conprising isolating nucleic acid nolecules. 17. The
waymiomzed claim 15, conprising: a first enzynptT/862003/000261

ti ssue dissociation chanber for incubation of a

m xture 10 of: at |east one tissue sanple, at |east

one enzyne for dissociation of the tissue sanple, and

buffer solution; and a second 4hanber acting as a

tissue disruption channel. 18. The system of claim17,

further conprising a chanber for recovery of the 15

isolated cells. 19. The system of clains 15-18,

C | y s . S P . g .
cranpae! eindt bf KRimE -8 RHelei b35S 1574l BRsgciation is
t i ssehosempeordirng tocthsttissne sanypyere for di ssoci ati on of

the tissue sanple, and buffer solution; 20 a second

chanber acting as a tissue disruption channel; a

thy r thehasifig 6P&Elfn:1s°' HIE) \ineréld ﬁé?ﬂlz%ﬁé’%r fssueUWibdbciation is a

chanmber for the collection and I sol atiion of nuclelc

5 aci d prigieese) esllulagedand/oplipass.ns ; and a fifth chanber
for waste collection; 25 wherein the chanbers are
connected to each other. 20. The system of claim 19,

wher dgihe tisthbd SGfUelaiths T UNHEeRSInC N pebtet8EPEI 86ifigendBe, trypsin,
inlet port; at |east one region of constriction; and
30 afhyotErsiporelastags.2 (mpadY 6 SbyMPEApais Jn@lwonidese, pronase,

48 21 af ' - 20 0L ti
49 Z3spBS, SYENETHAL ORI, SArind St A A BIHE rreot
10 has a smal |l er cross-sectional area conpared to the
overall cross-sectional area of the disruption
ch nﬂjg‘e_ method o? clalrr]ns ﬁ& where%n the nucl%ic acid molecules are
recovered and isolated from the solution by: adding beads coated with at

least one linker and recovering the nucleic acid molecules bound to the
linkers.
15

10. The method of claim 9, wherein the beads are magnetic beads and are

collected by an external or internal magnetic field.

11.The method of claims 1-10, wherein the isdlated nucleic acid molecule is
20 MRNA, RNA and/or DNA.

12.The method of claim 9, wherein the linker comprises oligo d(T).

13.The method of claim 9, wherein the free end of the linker comprises at
25 least one nucleotide N, wherein Nis A, G, C, T or U.

14.The method of claims 1-13, wherein the tissue sample is animal-, human-,

plant-, or adipose-originated tissue.

30



5 22. The system of clains 15-21, wherein the
enzynol ytic tissue dissociation chanber accepts at

wo e@g4@ne ti ssue sanple and at | east one enzyP€T/862003/000261
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ti ssue dissociation. 10 23. The systemof clains 15-22,
wherein the enzynol ytic tissue dissociation chanber

is less than 100 | in volune. 24. The system of clains

15-22, wherein the enzynol yti 47 i ssue dissociation

chanber is less than 50 | in volume. 15 25. The system

of clainms 15-22, wherein the enzynolytic tissue

di ssociation chanber is less than 10 | in vol une.

2644 h Al - ' t .
2188 YL RALoBla Bhcdll i 106 Ry BBSYRI Leforisin

vol uae. edzZymblytisy siseuwe odissdaiatior? 2chashissreiandt e tszgmeisruption
for tissue dissociation is a protease, a cellulase or

a li ﬁh@BUGIZS 28. The system of claim 27, wherein the
protease is collagenase, trypsin, chynotripsin,

el ast ase, papai n, chynopapai n, hyal uroni dase, pronase,

di Epdbe, systesnnof yelaim Bbponferthen, comptisisgi medatimg nucleic acid
pepsin, or, a mxture thereof. 29. The system of claim

22, WUPEYIRSt he enzyne for tissue dissociation is 30
chosen according to the tissue sanple. WO 2004/ 046305

PCT/ SG2003/ 000261 49 30. The system of clainms 15-29,
whef.efhe sysem efsleins dpsamprsiagi nal -, human-, plant -,

' - or.i_di-pat. i .5 31. T t : :

2{ aia%;s g%gg{n‘n\%)@?t&g%l% h§§§§@|§ﬂqq}@ng)ee&sféf H&ngﬁlon of a mixture
m cr oeft et leasrenbaivsoslsapysie can Iébémfﬁvﬁhszﬂd/f@f dRisbsiativn of the
automat ed conpl ete, m crototal analytical system

(TAS) ISsys sgrabley ane pUEer eQlulian amst 31, wherein the
Sy st eRdcondl R SetingH a tissue disruption channel.

18. The system of claim 17, further comprising a chamber for recovery of the
isolated cells.

19. The system of claims 15-18, comprising:
a first enzymolitic tissue dissociation chamber for incubation of a mixture

of: at least one tissue sample, at least one enzyme for dissociation of the
tissue sample, and buffer solution;

a second chamber acting as a tissue disruption channel;

a third chamber comprising a Iytic solution;

a fourth chamber for the collection and isolation of nucleic acid molecules
and/or proteins ; and

a fifth chamber for waste collection;

wherein the chambers are connected to each other.

20. The system of claim 19, wherein the tissue disruption channel comprises:
an inlet port;
at least one region of constriction; and
an outlet port.



33. The system of clains 15-32, wherein the systemis
part of a diagnostic integrated system suitable for

wo eooe0sd3es t esting, clinical diagnostics, veterPOE8§2003/000261
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and/or agricultural diagnostics. 15 34. The system of
clainms 15-33, wherein the systemis an automated
nucleic acid extractor. 35. A nethod for cel
isolation fromtissue sanpl esygonprising: (a) treating
a tissue sanple with at | east one enzyne for tissue

20 di ssociation; (b) applying hydrodynam c shear force
to the product of step (a); (c) recovering the
isolated cells. 36-The nethod of claim 35, further
conprising: adding a lytic solution to the 25

| 991 ahedyetdhof imEnes-70t We@draih thkaiseEe Wsraftiof hiheel at the
conprising: recovering nucleic acid nplecules. WO

2 Deip 06 3T aPSTTicicR0tEy eounalier gosssettirnataragsaspared to the

cl ai 35-37 [ e l,.spue

di%¥ §@‘i qg?%’ﬁeF@gﬁ% %5%%%@&@%%8‘1% abhéﬁt I sSsue.

39. The nethod of clains 35-38, wherein the enzyne for
ti ssue dissociation is_ 5 a protease, cell

ul.ase or .. .
| i23akke syetethof RaIMSd 192 1 IaFeigot %‘é@ém‘ﬁ'%i'ssue dissociation
prcﬂtaﬁ?ose‘? Acoeps Iaal‘%ﬁ&s@nettfs}éﬁé'%m?l‘éhé{ﬁ@?ﬂl@éétnone enzyme for
el'astase, papai n, chynopapai n, hyal uroni dase, pronase,
ditizpas elissockegionol ysi n, bronel ai n, cat hespi nes, or
pepsin, or a mxture thereof. 10 41. The net hod of
cl aims 35-40, wherein the nucleic acids are isol ated

byZS.TﬁQFﬁkgﬂ?ﬁe&déaWH oM ierain tRAshz@RBIit tetUeadiSsociation

recoveri e nucleic acid nolecules bound to the
| i ohieentser i test2th@ihel O0atlhindobimel ai m 41, wherein the
beads are magnetic beads and are collected by an
external or internal magnetic field.

24.The system of claims 15-22, wherein the enzymolytic tissue dissociation

chamber is less than 50 pl in volume.

25. The system of claims 15-22, wherein the enzymolytic tissue dissociation

chamber is less than 10 ul in volume.

26.The system of claims 15-22, wherein the enzymolytic tissue dissociation

chamber is less than 5 pl in volume.

27.The system of claim 22, wherein the enzyme for tissue dissociation is a

protease, a cellulase or a lipase.

28.The system of claim 27, wherein the protease is collagenase, trypsin,
chymotripsin, elastase, papain, chymopapain, hyaluronidase, pronase, dispase,

thermolysin, bromelain, cathespines, or pepsin, or a mixture thereof.

29.The system of claim 22, wherein the enzyme for tissue dissociation is

chosen according to the tissue sample.



43. The nethod of clains 35-42, wherein the isol ated
nucleic acid molecule is nmRNA RNA and/or DNA. 20

wdd00Fhes3net hod of claim 43, wherein the |inkerPCT/SG2003/000261
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conprises oligo d(T). 45.The nethod of claim 44,
wherein the free end of the |inker conprises at | east
one nucl eotide N, wherein Nis A G C Tor U 25

46. Use of the system of clainsygd5-45, wherein the
systemis part of a diagnostic integrated systemin
forensic testing, clinical diagnostics, veterinary
and/ or agricul tural diagnostics.

30.The system of claims 15-29, wherein the tissue sample is animal-, human-,
plant-, or adipose-originated tissue.

31.The system of claims 15-30, wherein the system is a biological
microelectromechanical system (bioMEMS) and/or a fully automated complete
micrototal analytical system (uTAS).

32.The system of claims 15-31, wherein the system is disposable.

33.The system of claims 15-32, wherein the system is part of a diagnostic

integrated system suitable for forensic testing, clinical diagnostics, veterinary
and/or agricultural diagnostics.

34.The system of claims 15-33, wherein the system is an automated nucleic
acid extractor.

35. A method for cell isolation from tissue samples comprising:
(a) treating a tissue sample with at least one enzyme for tissue
dissociation; '
(b) applying hydrodynamic shear force to the product of step (a)
(c) recovering the isolated cells.

36.The method of claim 35, further comprising: adding a lytic solution to the
isolated cells.

37.The method of claims 35-36, further comprising: recovering nucleic acid
molecules.
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38.The method of claims 35-37, wherein the enzyme for tissue dissociation is
chosen according to the tissue.

39.The method of claims 35-38, wherein the enzyme for tissue dissociation is
a protease, cellulase or lipase.

40.The method of claim 39, wherein the protease is collagenase, trypsin,
chymotripsin, elastase, papain, chymopapain, hyaluronidase, pronase, dispase,
thermolysin, bromelain, cathespines, or pepsin, or a mixture thereof.

41.The method of claims 35-40, wherein the nucleic acids are isolated by:

adding beads coated with at least one linker and recovering the nucleic acid
molecules bound to the linkers.

42.The method of claim 41, wherein the beads are magnetic beads and are
collected by an external or internal magnetic field.

43.The method of claims 35-42, wherein the isolated nucleic acid molecule is
mMRNA, RNA and/or DNA.

44 The method of claim 43, wherein the linker comprises oligo d(T).

45.The method of claim 44, wherein the free end of the linker comprises at
least one nucleotide N, wherein Nis A, G, C, Tor U.

46.Use of the system of claims 15-45, wherein the system is part of a
diagnostic integrated system in forensic testing, clinical diagnostics, veterinary
and/or agricultural diagnostics.



