1 A nmet hod and apparatus for recovering cells and their analysis.
Technical Field The present invention relates to the field of separating
and/ or rewowverimgseand anal ysing cells. In particul ar, bRCTSGR0WM000463i vely,
the present invention relates to 5the field of recovering and anal ysi ng
viable cells fromfluid or gas. Background Filtration is used to separate
and/ or recover cells fromfluid or gas. Wth a conventional filter
apparatus, the fluid or gas sanple tyfically enters through an inlet,
passes through a nmenbrane filter conprising a |arge nunber of pores and 10
exits through an outlet. After filtration, the trapped cells may be
recovered for further analysis. In one nethod to recover the cells, any
water remaining in the apparatus is renoved and the nenbrane filter is also
renoved and @B mettbd and abpgratus lart lecoverincageltssandtheimamaledite the liquid to

di sl odge- t he. t d cells fromthe filter to be suspended in the liquid
T &

(ternmed aking” method). The 15liquid conprising cells may be
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el uent BackBERING hr ough the outlet and to flow t hrough the nmenbrane to
flush out tEe trapped cells before exiting through the fluid inlet,
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apparatus is removed and the membrane filter is also removed and placed in a

liquid bath with agitation to enable the liquid to dislodge the trapped celis from
the filter to be suspended in the liquid (termed “lateral shaking” method). The

15 liquid cdmprising cells may be collected for further analysis.

For capturing cells from gas’(e.g. airborne cells), the gas sample (e.g. air
sample) similarly enters the inlet, passes fhrough the membrane filter and out
through the outlet.‘The same process as described above may be used to
recover the trapped cells.

20  Another method to recover the trapped cells, termed “back-flushing”, involves
allowing an eluent to enter through the outlet and to flow through the membrane
to flush out the trapped cells before exiting through the fluid inlet, followed by
collécting the eluent comprising cells for further analysis.

The above processes may not recover cells from the membrane filter effectively

25 nor efficiently. Both lateral shaking and back-flushing may not effectively

- dislodge cells trapped in the pores and some cells may still be left trapped in the
membrane. The membrane filter also traps particles other than celis which may
further reduce the efficiency of recovering cells from the membrane filter. For
example, the recovery rate may only be 30-70% and this affects the overall

30 detection sensitivity, in particular for cells present in low proportions.



30detection sensitivity, in particular for cells present in | ow
proportions. 2 It is therefore desirable to devel op nethods for inproving
anal ysi s wb 2080@845ed cel |l s. Sumary Accordi ng t o aPCirrsskomweompt ar y
aspect there is provided a nethod of separating 5and/or recovering and

anal ysing cells conprising: separating cells froma fluid or gas with a
filter apparatus conprising a filter; substantially lysing the cells to

rel ease nucl eic acid nolecules on the filter; and 10el uting nucleic acid
nol ecules fromthe filter for analysi%, detection and/or identification.
The nethod may be used for separating and/or recovering and analysing cells
of any organi sm For exanple, the nmethod nmay be used for bacteria and/or
protozoa cells and in particular, cells of pathogenic organisns. 15In order
t hat t hdt isrthersforendaesirabie td del/glopnrethededdr mproviredahalygistofiretevegredct i cal

ef f ect thﬁre shal I now be described by way of non-limtative exanple only
exenpl ars?"®mbodi ments, the description being with reference to the
acconpargimigaly | ustrative drawings. Brief description of the figures

According to a first exemplary aspect there is provided a method of separating
5 and/or recovering and analysing cells comprising:
separating cells from a fluid or gas with a filter apparatus comprising a
filter; '
substantially lysing the cells to reiease nucleic acid molecules on the
filter; and

10 eluting nucleic acid molecules from the filter for analysis, detection and/or

identification.
The method may be used for separating and/or recovering and analysing cells
of any organism. For example, the method may be used for bacteria and/or
protozoa cells and in particular, cells of pathogenic organisms.

15 In order that the invention may be fully understood and readily put into practical
effect there shall now be described by way of non-limitative example only
exemplary embodiments, the description being with reference to the
accompanying illustfative drawings.

Brief description of the figures

20  Inthe drawings:
Figure 1 shows an example of a filter apparatus for the exemplary method.
Figure 2 illustrates an example of the exemplary method with the filter
apbaratué of Figure 1. The top view of the membrane filter after each step of the
method is also illustrated in Figures 2(A) to (E). Figure 2(F) also shows an

25  llustration depicting the eluent comprising unbound DNA derived from viable
and/or membrane-intact cells and covalently bound DNA from dead or
membrane-compromised cells. ‘
Figure 3 shows the (A) cross-sectional view and (B) top view of an example of a

fluidic apparatus for the exemplary method.



20l n the drawi ngs: Figure 1 shows an exanple of a filter apparatus for the

exenpl ary nethod. Figure 2 illustrates an exanple of the exenplary nethod
wi t h t he wolzbavoesgspar at us of Figure 1. The top view of Phe/Sceedorane2filter
after each step of the nethod is also illustrated in Figures 2(A) to (E).

Figure 2(F) also shows an 25 illustration depicting the eluent conprising

unbound DNA derived fromviable and/or nmenbrane-intact cells and covalently
bound DNA from dead or nenbrane-conprom sed cells. Figure 3 shows the (A
cross-sectional view and (B) top vi ew of an exanpl e of a fluidic apparatus
for the exenplary nmethod. 3 Detailed description of the exenplary

enbodi nents The present exenplary enbodinents relate to a nethod of
separating and/or recovering and analysing cells, for exanple, fromfluid

or gas. Deiailéd descrint iogaﬁthap;xbmmar_lﬂemmbm’rmﬁslgh a filter apparatus

af|I er which separates th mthe fluid or gas,
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ultrasound and freeze-thawing. The nucleic acid molecules may then be eluted
10  from the filter apparatus for further anélysis, detection and/or identification.

The method may also further include steps fof differentiating viable cells.

The following further steps may be performed:

contacting the celis before lysing with a phenanthridium compound capable of

preferentially penetrating dead or membrane-compromised cells over viable

15 and/or substantially intact cells to intercalate with at least one nucleic acid
molecule; and
exposing cells on the filter to a light source to covalently bind the
phenanthridium compound to at least one nucleic acid molecule of penetrated
cell(s).

20  The cells may be contacted with the phenanthridium compbund before or after
filtration. For example, the cells may be mixed with the phenanthridium
compound and the mixture is then filtered. Alternatively, the cells may be filtered
first and the phenanthridium compound may then be loaded through the filter,
contacting the cells on the filter while flowing through the filter.

25 After being exposed to the light source, the covalently bound nucleic acid

- molecules of the dead or membrane-compromised cells are unsuitable or
unable to take part in further reactions, for example, the polymerase chain
reaction (PCR).

The filter may also be washed to substantially remove any excess, residual

30  and/or unbound phenanthridium compound. Either exposing the filter to a light



15and/ or substantially intact cells to intercalate with at | east one
nucl ei ¢ acid nol ecul e; and exposing cells on the filter to a |light source

t o coval ewmDI2g11iesdst he phenant hri di um conmpound to at | eastr/Sca@noeiezi ¢ aci d
mol ecul e of penetrated cell(s). 20 The cells may be contacted with the
phenant hri di um conpound before or after filtration. For exanple, the cells
may be m xed with the phenanthridi um conpound and the mi xture is then
filtered. Alternatively, the cells myy be filtered first and the
phenant hri di um conpound may t hen be Foaded through the filter, contacting
the cells on the filter while flowi ng through the filter. 25 After bei ng
exposed to the light source, the covalently bound nucleic acid nol ecul es of
t he dead or nenbrane-conprom sed cells are unsuitable or unable to take
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cells over viable and/’'or substantially intact cells to intercalate with DNA
nmol €z ul vet sukektantially inhibit PCR, in particular, if present at low concentrations.
Any suitable phenanthridium compound may be used. In particular, the
compound propidium monoazide may be used. Propidium monoazide is able to
preferentially pene;crate dead or membrane-compromised cells over viable
and/or substantially intact cells to intercalate with DNA molecules and on
20 exposure to a blue light source, covalently binds with the DNA molecules.
" Having now generally described the invention, the same will be more readily
understood through reference to the foliowing examples which are provided by'.
wéy of illustration, and are not intended to be limiting of the present invention.
EXAMPLES
25 Example 1
-In one embodiment, the filter apparatus may comprise a filter cartridge
comprising a membrane filter 3. as shown in Figure 1. The filter cartridge
comprises a lid 1 with an inlet 2, a membrane filter 3 on a filter support 4 and an
outlet 5. The method of the invention including the optional step differentiation

30 of viable cells will now be described, with reference to Figure 2.



20 exposure to a blue Iight source, covalently binds with the DNA

nol ecul es. Havi ng now generally described the invention, the sane wll be
nor e readwbyoungessst ood t hrough reference to the foll owpog/sezenypb@s2 whi ch
are provided by way of illustration, and are not intended to be limting of

the present invention. EXAMPLES 25 Exanple 1 In one enbodi nent, the
filter apparatus nay conprise a filter cartridge conprising a nenbrane
filter 3 as shown in Figure 1. The filter cartridge conprises a lid 1 with

an inlet 2, a nenbrane filter 3 on a<Tilter support 4 and an outlet 5. The
met hod of the invention including the optional step differentiation 300f
viable cells wll now be described, with reference to Figure 2. 5 As

illustrated in Figure 2(A), a fluid sanple conprising Escherichia coli for
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2(B) preferentially penetrate the menbrane- conprom sed cells 7 over
vi abl e oronaszdetiyoughaand out bf tite filtet appamtueis isdiegtedsbys tesvariows=i gur e

2(C), which i i onal st ep, hing fluid (e.g. 4 i of wat
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the dead or .menbrane-conprom sed cells were not washed away. 25In the next
st epd as cPneerdratianeafl the phgoaethpidiom compaund of prapiditinl menaswide udge may be
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compromised cells 7 over viable or membrane-intact cells 6.
20  In the next step as shown in Figure 2(C), which is an optidnal step, a washing
fluid (e.g. 4 ml of water) may be added to wash away any excess propidium
monoazide. The propidium monoazide molecules represented by the black dots .
8 which had penetrated the dead or membrane-compromised cells were not
washed away.
25 In the next step as illustrated in Figure 2(D), the lid of the filter cartridge may be
removed and the membrane filter 3 may then be exposed to a light source 10,
for example, a blue light from a light emitting diode (LED). On exposure to the
blue light for a suitable timeframe (e.g. 20 minutes), the propidium monoazide
covalently binds to the DNA 11 of the penetrated cells. Alternatively, the lid of

30 the filter cartridge may be made of a substantially optically transparent material



30the filter cartridge may be made of a substantially optically transparent
material 6 (or substantially optically transparent to the blue |ight used)
and in thweonassssshe |id need not be renoved when expoPCmEGRime/oneuwdr ane
filter 3 to the light source. The Iid 1 may then be replaced on the filter
apparatus. 200 | of water 12 was 5 then added to i merse the nenbrane fully
within the filter apparatus and the cartridge my be immersed in - 95 C hot
liquid bath 13 to lyse the cells on the nenbrane filter 3. Heat causes the
cell wall to break and the nucleic adid nolecules are released into the
water within the filter apparatus. Alternatively, a hot gas stream al so of
- 95 Cmay be allowed to enter via the inlet 2 to pass 10 through the
filter apparatus to lyse the cells on the nenbrane filter. The entire
filter éppabstardiatipypdcally tensparebatoctthedtiue 1i§bt Ged)@ancexatind easen then oven or
a hot g streamof - 95 C al so be directed to t exterior of the
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heat er ggyrcke included as part of the filter apparatus for heating the
menbrane filter. 15 As a further exanple, a hot liquid of - 95 C may al so
be i nt r dthedied! way then balreplaced sarbther fijtert dpparatuse 208guliafdvatat @ wgst he
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15 As a further example, a hot liquid of ~ 95 °C‘may also be introduced via the inlet
to submerge the filter as indicated by the arrow and lyse the cells on the
membrane filter 3. Both DNA from viable and/or membrane-intact cells 14 and
covalently bound DNA from dead or membrane-compromised cells 11 are
released with cell lysis. (See Figure 2(E)). Cell debris 15 may also be present.

20  Other methods of cell lysis may be utilised, including but ndt limited to chemical
lysis, freeze-thawing and ultrasonication.

In ’;he next step as illustrated in Figure 2(F), the nucleic acid molecules may be
eluted frdm the membrane filter 3 for example by adding 800 ul of TE buffer as
the elution buffer via the inlet of the filter apparatus as indicated by the arrow.

25  Any suitable eluent including but not limited to water or other solution or buffer
may also be used. The eluted nucieic acid molecules may then be collected for
further analysis, detection and/oridentification. During elution, most of the cell
debris 15 from lysis and other particles 8 remained on the membrane filter 3
while the nucleic acid molecules were eluted. Further analysis, detection and/or

30 identification may be with PCR. For example, 1 pl of the eluent may be used for



7 PCR During PCR, only DNA obtained fromviable or nenbrane-intact cells
14 may be anplified. The coval ently bound DNA fromthe dead or

menbr ane-worepriomssed cells 11 should not be anplified. Bxarsoe9Doodstn

anot her enbodi nent, the filter apparatus may be in the formof a fluidic
chip as illustrated in Figure 3. In this enbodinment, the filter apparatus
conprises three layers 16, 17 and 18 and a filter. 3 bonded together to
forma planar apparatus with an |nIet 2, a channel 19 and an outlet 5.
Layer 16 nmay be substantially optlcally transparent to light (or
substantially optically transparent 10 to the blue |ight used). The
fluidic device is exposed to light froma LED (e.g. blue light), which may
be positioned above |ayer 16. A heater and/or an ultrasonic device my be
posi ti oRQR.HBUdwy PORsrorily DA dbjlalhag ftdme vialdié ©r Membnahe-attack d;r;ﬂst‘nﬁb arr ows,
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Wi t hin i the outlet 5. The subsequent
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phenant Exdinpie 2ompound, as wel | as lysing the cells and eluting the nucleic
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filter; 5substantiall % ysing the cells. to rel ease nucl eic acid nol ecul es
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on the threeelayeend6eit ang) 1r§?uél’Ié| 2 fiter § wonded| legethasnior fasny @ plepaf or
analysi Spngatﬁgtvbﬁpaﬁnﬁj\/é%rZ detdinetHd W an outiet 5. Layer 16 may be

substantlally optically transparent to light (or substantially optically transparent
10  to the blue light used). The fluidic device is exposed to light from a LED (e.g.
blue light), which may be positioned above layer 16. A heater and/or an
ultrasonic device may be positioned below layer 18 for lysing the cells. As
indicated by the arrows, the fluid enters via an inlet 2, passes through the
membrane 3 which separates the particles including cells, passes through a
15  channel 19 within the fluidic chip and out again via the outlet 5. The subsequent
steps, including the optional step of differentiating viable cells with a
phenanthrdium compound, as well as lysing the cells and eluting the nucleic

acid molecules may also be carried out with the fluidic chip.



2. The nethod according to claim1l further conprising: 1Ocontacting the
cells before lysing with a phenanthri di um conpound capabl e of

pr ef er entwal2byi/qeewet r ati ng dead or nenbr ane- conpr om sedPCelSIGR0xes46Yi abl e
and/ or substantially intact cells to intercalate with at |east one nucleic
acid nol ecul e; and exposing cells on the filter to a light source to
coval ently bind the 15phenant hridi um conpound to at | east one nucleic acid
nol ecul e of penetrated cell(s); 3. The method according to claim2, further
conprising washing the filter beforeslysing to substantially renove excess,
resi dual and/or unbound phenant hri di um conpound. 20 4. The net hod according
to claim2 or 3, wherein the phenanthridi um conpound conprises propidiunn
nonoazi de. 5. The nethod according to any one of clains 2 to 4, wherein the
| i ght sCigiee conprises blue |ight. 6. The net hod according to any one
of the preceding clains, further conprising 25anal ysing, detecting and/or

i denti fyi t | ei id I i .
Laentt ¥.I R?‘netngd %?gegél%ﬁ%gland'fgr r%%%l/éar?né’“ aFlg alﬁca:ﬁ/sing cells comprising:

separating cells from a fluid or gas with a filter apparatus comprising a

filter;

5 substantially lysing the cells to release nucleic acid molecules on the
filter; and
eluting nucleic acid molecules from the filter for analysis, detection and/or
identification.

~ 2. The method according to claim 1 further comprising:

10 tcon‘tacting the cells before lysing with a phenanthridium compound
capable of preferentially penetrating dead or membrane-compromised
_cells over viable and/or substantially intact cells to intercalate with at
lealst one nucleic acid molecuie; and
exposing cells on the filter to a light source to covalently bind the

15 phenanthridium compound to at least one nucleic acid molecule of
penetrated cell(s);

3. The method according to claim 2, further comprising washing the filter before
lysing to substantially remove excess, residual and/or unbound
phenanthridium compound.

20 4. The method according to claim 2 or 3, wherein the phenanthridium
compound comprises propidium monoazide.

5. The method according to any one of claims 2 to 4, wherein the light source
comprises blue light. '

. 6. The method according to any one of the preceding claims, further comprising

25 analysing, detecting and/or identifying the nucleic acid molecules with PCR.



