1 ONLI NE CONTAM NANT DETECTI ON AND REMOVAL SYSTEM CROSS- REFERENCE TO
RELATED APPLI CATIONS 5 [0001] This application clains the benefit of
priority of US provisional application No. 60/915,718, filed May 03,
2007, the contents of each being hereby, i ncorporated by reference in
its entirety for all purposes. FIELD CE'THE | NVENTI ON 10 [ 0002] The
present invention refers to continuous flow devices suitable for
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process on detection 25 of contam nants. is wll reduce the

| i kel i hesdre Geseglpyicgdnt ani nant being transferred into the public
dormain. [0005] Thus, it is inportant to assure that the water
supplied to the general public by water wutility boards is free of

contam nants 24 hours a (GBWCKEROUVAND OFTHE INVENTION ti ne bet ween
and response to a positive result (24 hours) is normally not
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i s 2Dourgasee a s1gmﬁcant spread of disease. With the projected increases for demand in water
requirements, online monitoring systems for such contaminant are becoming more necessary.
[0004] For example, at present, microbiological quality control of the treated water is time
consuming and inefficient. Like the chemical monitors in industry, pathogen monitors should
respond on contamination, effecting an instant stop of the water purifying process on detection
25  of contaminants. This will reduce the likelihood of any contaminant being transferred into the
public domain.
[0005] Thus, it is important to assure that the water supplied to the general public by water
utility boards is free of contaminants 24 hours a day. However, until today the time between
sampling and response to a positive result (24 hours) is normally not sufficient to prevent
30 contaminated water from reaching the public.
[0006] Different methods are used to defect contaminants. Detection of contaminants
normally requires two general steps. The first step is the target capture, in which the

contaminant of interest is removed, tagged or amplified to differentiate it from the remaining



or neasured quantitatively. The detector typically acts as a
transducer, translating the biological, physical, or chem cal
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water quality monitor for bacteria. The kits are cheap, reliable, sensitive, widely used, easily

used and require little preparation of samples.

[0009] A disadvantage of the IDEXX kit as well as of most other methods referred to above

is that it takes a long time to acquire results due to necessary sample/kit incubation periods. For
30 example, the IDEXX kit takes between 18 hours to 25 hours to acquire results after sampling.

This significant limitation prevents, for example, the use of this technique for rapid online

applications. However, any new technology would need to be compared to IDEXX techniques

owing to the fact that it is the technology currently employed as a standard internationally.



and micro-arrays require the water sanples taken to be treated with
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further conprises optically transparent support material; wherein the
opti%al ?raylet?r%?lgaﬁ'é@eé‘?ﬂtlogﬁﬁﬁ‘?ﬂt@m%?@fi al is packed in the cartridge

such that 20 a liquid stream can pass between voids or spaces forned
within and/or by the optically transparent support material; wherein
the optically transparent SUMBMARYOETHE INVENIION nol ecul es for

capturi t he_at J east one contam nant, wherein the capture . i
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reporter grolp which emts a signal upon binding of the a st one
conltSam nanta) byt least|magprtodge whdieit thercirsomferentiabwadingft the egrtadge comprises a
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continuous flow device suitable for detecting and renovi ng of at
| east one cont &HhehFeMpTIScy opiicaklydragspaseisURPORIRAETAy: a) at | east one

o Ll 2UPP AL AOSE AR Wl AU A RO o
caplur e nol ecubdsyud stream can pass between voids or spaces formed within and/or by the
optically transparent support material;
wherein the optically transparent support material comprises molecules for capturing
the at least one contaminant,
wherein the capture molecules are immobilized on the surface of the support
25 material;
wherein each of the capture molecules further comprises at least one reporter group
which emits a signal upon binding of the at least one contaminant;
b) at least one radiation source for emitting a radiation beam for excitation of the
reporter group;
30 ¢) atleast one detector for detecting the signal emitted by the at least one reporter group.
[0013] In another aspect, the invention refers to a continuous flow device suitable for

detecting and/or removing of at least one contaminant in a liquid stream, comprising;

a) at least one rotatable support positioned within the liquid stream comprising



i mmobi i zed on the surface of the rotatable support; wherein each of
the capture nol ecules further conprises at | east one reporter group
which emts a signal upon binding of the at | east one contam nant; 5
b) at |east one radiation source emtting a radiation beam for
excitation of the at |east one reporter group; c) at |east one
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cartri dggd Wihfebh RIMRLISES optically transparent support material;
wherein the optically transparent support nmaterial is packed in the

cartri d§elguchlu stdt arethdr iaspecy tist presamt maantpaseidietotbe nsyvof ddeviraredding to
within and/or by the optjcall transpar ent. support material; wherein
the optTEArT IRER G SmsA% SRARERS 1 MegBIns SVeREPR Aol Gl gietecting
capt !Jrldﬁﬂ{o@ffrem&ﬁnéSﬁ&ntﬁﬂiﬁmﬁg%ﬁiﬂﬁﬁﬂastr%ﬂe' n the capture mol ecul es
are immobilized on the surface of the material; wherein each of the

captur dO0fHilecules fyrther hepects rmresotinyenticsasferoiven carpisige edapjedbtopbasied i a
emts i I indj.n at |l east one contam nant. [0017] . .
T anoroRiHl 0Bl A or hCafle and3 reBBViaf 37 L8 BB cobigRg fdne in a

suppor tlicuithgiteath, ixhcketn thdQatSegk dompiseHNt i nuous flow device suitable
for detecting and/or  remving east one contaminant in a
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wherein the optically transparent support material is packed in the cartridge such that a
hquid stream can pass between voids formed within and/or by the optically
transparent support material;
wherein the optically transparent support material comprises molecules for capturing at
25 least one contaminant,
wherein the capture molecules are immobilized on the surface of the material;
wherein each of the capture molecules further comprises at least one reporter group which
emits a signal upon binding of the at least one contaminant.
[0017] In another aspect, the present invention also refers to rotatable support adapted to be
30 used in a continuous flow device suitable for detecting and/or removing of at least one
contaminant in a liquid stream, wherein the rotatable support comprises molecules for capturing

at least one contaminant wherein the capture molecules are immobilized on the surface of the



reporter group which emts a signal upon binding of the at | east one
contam nant. BRI EF DESCRI PTION CF THE DRAWNGS 5 [0018] The invention
W ll be better understood with reference to the detail ed description
when considered in conjunction with the non-linmting exanples and the
acconpanyi n drawi ngs, in which: [001 Figure 1A and 1B show
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syst em 0t GptRGOnprE POSOnd on ferse i G1ghs FTise op Sihdhit F2pREeR emprping wall
thi's Figtich (1136) &@1 thelrdl@igtidrSinkldREEH a0 RoRiohl (D6@ fall tté - bAN bRlAIRUS to a

(L) attached to the objective lens (B) through which the excitation
25 lPadingrsosrikillegrn the ardjthas dhepositinrook the radietion shyece ardedatectorsdmthiegme hand

st age .eartrd i,n front, of th i ive
PLa0" b AL bt ARRR el LS L1 Al o LR Rl 1 58Dt
obj ect i(iquidetsy, (Bliatingatiyarsyes dstubahiitisiduldwsd bafited®bat the@aBidgdhown in

reporter. groups n binding of a contam nant. The light emtted by
t he re%@%@? fg%ﬁgg gl plig bR ralablfetPhRitel ength than the excitation

l'ight gog@nl Yridaee 2l dlwsein E}Ee%ﬂ)(l%(r %n 5@9%&3@&5 Cﬁ&ﬂ%@?@s@lﬁsﬁﬁ Bon using a

through the dichroic 30 mrror reaches t tector
[ 0821] chitydgesligiwithdaads wssd Gs optivalli thdnspamnt wppdrit guatartal.ditss efstdnh éncludes
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to the ip‘éqn;ighw%fitq Hevebepreent mh,ag;e | I ailatss Figure the cartridge is placed on a linear
translation stage (L) attached to the objective lens (B) through which the excitation
25  radiation/light is directed into the cartridge. The translation stage (L) allows movement of the
cartridge in front of the objective lens (B) in order to scan the entire cartridge with the laser, The
objective lens (B) also serves to capture the light emitted by the reporter groups upon binding of
a contaminant. The light emitted by the reporter groups being of another wavelength than the
excitation light and only the light emitted by the reporter groups passes through the dichroic

30 mirror (C) and reaches the detector (F).
[0021] Figures 3Al, 3AII to C show different configurations of the inlets and outlets of the
cartridge. In addition, Figure 3C shows how a cartridge can be placed in a pipe to avoid

formation of bubbles. Fig. 3AIl also shows an alternative setup for a cartridge, a radiation



the central |umen vacant for the positioning of a radiation source

and detector which revolve on an axis permtting the scan of the
support material, such as beads found within the liquid flow portion
of the pipe. 5 [0022] Figure 4 and 5 s%ow anot her configuration of a
continuous flow device of the present “invention in different
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[0024] Figure 7A illustrates not only the assembly of the device referred to in Figure 6 but
25 shows also the optical section of the device using a rotatable support. The way of the
radiation/light is indicated by an arrow. In the example of the device illustrated in Figure 7A
antibodies are used as capture molecules which are linked to a fluorophore that emits a signal
upon binding of a microorganism to the capture group. This signal emitted by the reporter group
is measured by the detector and tranéferred to the monitoring section carrying out the data
30  acquisition and processing. In case contanﬁnants are detected the water flow in the main pipe
can be stopped. Figure 7B shows the device of Figure 7A in an offset view. The way of the
radiation as well as the flow direction of the liquid stream are indicated by arrows. This Figure

illustrates in more detail the layout of the single components relative to each other. The



excitation radiation enters the pipe through an incident wall portion
of the pipe wherein the pipe is positioned perpendicular to the
optical systemof the device. It should be noted that the direction
of rotation of the rotatable support fglloms the direction of the
liquid streamin the pipe. However, it' is also possible that the

r ot at abdxeitstippradiatino trtew shegiat Hsdughhm idtidemttwahpafion bthepipe wherein the pipe

stream. [ 0025 igure,.8.illustrates an exa e for the

functi R Gabe R He CPSH! ay%%ﬁgft{w dgyiceuls sBPeldh aptedthat the
I'n thi sqifRfen 3f $idfch EiHeaGRtdbTe BRfHoH BHolO tRAEHY RN AR i§uidReH! 8 the
(protein). Therefore, the surface’is treated wth

3- am nappogiwevendt Boalsesposaihte thepiie(roidRibE: SippOOERiaES gaingFRs)liredtion of the
act i5vat1e t{ surface to support imuobilisation. Subsequently
gl ut’ar al B §8%"“’(‘Hco 10 (CH2)3-COH) is added which is a

honobi fa0z3]i onEFigure BkiflhstaRe: ahé:GhpAE oy RS flndBokMlisAHinner tﬁg QitfaceREtARBPort

the solid support and the capture nolecule (protein) to be
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by gXa). 0027] Figure 10 illustrates a step in the experinment
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detail s..see, section "Qd ass,Functionali satj.on t hod TS-.GA) . Fo

ot boRyRRreo R tDllre ShARRIE LTS SDBR0Y T8 hiS! abEL Ebred e 1o base on the
appl i caftdoedcerc@028dnahitd here} Lr SRENSFREIS Dabid dfetliodd B! $&ersi b Y WadEl¥ngth
sanpl e (capture nplecule) and 25 Fi gure 12 shows m croscop

f
bact er iciftechhy s Haererhore daets Pasehichys almtreddmoeéae(rrga@qcita@d%wghwmi‘@}ion
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Ta1 1t o gaaf o) i AEAMo4 ek BLRRPEbdrophild <Bhertti Ol Fobhse K fl ficiaion
i m20bi |fronathedimoodpHoledaapistinéicaed bg (l,es on the surface of the support
The results reyeal ed by the graphs

mat er i .n this exanmple | ass).. e _ ]
show a%?#ér i Fieyee F@@%ﬁa@? 2t lflé%ﬁpgﬂg}?awwﬁl o thegfunctigapiisption of
sumar igR§ sHb&. TR Yhdre RBHRIREdeMdn g Fhs3ishalish@oh %ﬁ%lod_'gﬂpl" S-G@: For
resolution XPS reveal ed contrasting quantities of carbon, nitroge
and si lanteatty lopachibsatioh’biunilie axperionemitad sention off éreadpglictiobi ndi ng ener gi es
(eV)) en the APTS: GA treated and untreat | ass.surfaces.
i gut e 007 ov o RiRGr¢ L Shoh Lo it PG R0 SE b P rarinl LPobfife Hiofggale) and
f on® ofFigecty shed nslie¥RpY " bacteria (contaminants) immobilised by antibodies (capture
molecule) attached to a glass bead (solid support). o
[0029]  Figure 13 (Figure 13/1 to 13/3) in connection with Table 1 show the results of the
immobilization of the capture molecules on the surface of the support material (in this example
glass). The results revealed by the graphs show another illustration of the results shown in Table
30 1 which summarizes the results obtained with high resolution XPS. High resolution XPS
revealed contrasting quantities of carbon, nitrogen and silicone species (found at consistent

levels of binding energies (eV)) between the APTS-GA trecated and untreated glass surfaces.

Figure 13 reveals the same information as shown in Table 1 in the form of spectra and shows the



8 presence of 3 carbon conponents: an aliphatic CC conponent with a
bi ndi ng energy of 285.0 eV, a C O conponent at 286.5 eV and a C=0
conponent at 288.8. The main peak at 285.0 eV represents aliphatic
carbons likely to originate fromcontam nating carbon sources and
fromthe covalently bonded carbon atos found within the branch
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exci t atpebiligedn Fiveediticrentepaneentigtions ohenihpdies hayehsen vaed, ¢ mpiwl txagh to
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"mge b EhRRhy Rl ey vk R i BsarBboferilatabin T b the
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Bel ow the single pictures A B, Cand D the total neasurenment o (
of the IpidtBens Lhedi Bé2withRdain Figgee [ DOIY) which garebd 8sed@sagmrist gobups in the
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Qdot s, rtd Bnaadbl@BExciftibalewnich ha@nintddadiveith Biet badferiddbé Selld fikoraftd géan. The

Slide with antibodies and qdots. dot L )
bacteria without Qdots do not fluoresce under blue excitation or fluoresce very little. As can be

25 scen from Figure 15 atomic force microscope (AFM) is sensitive enough to image the gdots and
an interaction with the bacteria, see Figure 15 (D), expand the image. These images reveal that
the antibodies conjugated to the gdots still have the ability to bind the bacteria to the surface.
Below the single pictures A,- B, C and D the total measurement of each of the pictures has been
given. '

30 [0032] Figure 16: Glass slides, Epifluorescence Microscopy of E. coli K12 immobilised on
Qdot treated antibodies. (1A and 2A) Blank slide with no antibodies or Qdots, (1B and 2B)
Slide with antibodies but no qdots, (1C and 2C) Slide with antibodies and gdots. Qdot
concentration 0.002 uM, antibody concentration of 4 mg/ml. Images 1A to 1C are slides



concentration 0.002 M antibody concentration of 4 ng/m . Images |IA
to 1C are slides 9 exposed to blue excitation, 2A to 2C are slides
exposed to WV excitation. On the slides exposed to blue excitation
no cells can be seen on the blank slide (Fig. 16 1A, black) or the
slide with imobilised antibodies (Fi§. 16 1B, black), however, the
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coli K12 in.the presence of E. coli CN13 strain.
the cells is a strong bond.

25 [0033] Figure 18 shows Glass Beads, Epifluorescence Microscopy of E. coli K12
immobilised on Qdot (0.002 pM) treated antibodies, x1000 magnification. Antibody
concentration is 4.0 mg/ml. A} Under blue excitation. B) Under UV excitation. Al and B1 show
the cells immobilised onto the glass beads using conventional transmission microscopy. A2 and
B2 show the cells under blue light and UV light respectively.

30 [0034] Figure 19 demonstrates the selectivity of the antibodies directed against E. coli K12
in the presence of E. coli CN13 strain.

[0035] Figure 20 shows the geometry of a rectangular container comprising the support
material (300) which forms the inner compartment of a cartridge (301) wherein the outer shape



[ 0035] Figure 20 shows the geonetry of a rectangul ar contai ner
conprising the support nmaterial (300) which fornms the inner
conpartnent of a cartridge (301) wherein the outer shape 10 of the
cartridge differs fromthe shape of the inner conpartnment to fit into
the round tube (302) in which the cari®idge is positioned. DETAI LED

DESCRI Pt 6Bl cAdrididdti FrYY NI Y shapheDO38E irlnRr B018pAERGE ko fit o MOS8 tube (302)

invention refers to _a continuous flow device suitable for detecting
and/ or ¥eyEdh Hg cartrigge is pagtionsde contaminant in a liquid stream
conprising: a) at |east one cartridge wherein the circunferenti al
wal | of the cartridge conprises a first inlet and a first outlet for

the liquid stream an®ETAIED DESQRIBEON OFRTHA INVENTIONIent wal |
portion_and a radiation energing wall portion; wherein the ca_rtri_d%e
10 fur t 98POLc omb? PB® &SRSEH itheapicsent injreaton &siers 4o Bpomtinpauscliqvadevig spitable for
t he optj : r b j : ' .cartridge
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mol ecul es are ML WaASshr@h b a SHiAAGE eRbret g gi?tpl%fticﬁ'- wheldhe Rl Sartridge

each of the capture nol ecules further conpri's east one reporter
gro¥p which emfirtter eorspugealopligadly thainsmhirerg sgfpotthreatatiall east one

contam nant; b).at.l|legast. .o radi ation source .far emtti a, .

Fadi ati on bean PaEL R PHET BHRRPER SR BRRER Peike R 1 Cedpessh tha
one detector farligfd eebimIcdnnpassi Witwbere Wbids elridd WhthitaniRAYy BfRCoptically
reporter group. [0037] This device allows reducing the response tine

of cont ani nant tanwRest Sippertswatsidis i nstead of hours to days like in
ti | d | I t hod dto | he 5 .
convent i ona %}h[%ﬁe%r# ﬁ}gﬁgﬁé%%ﬁangﬁargﬁ SURSOL fn%{?%'é{ Stnprbes Hmﬁe[c}ﬂr?@%% PRREInE

i ntroductory par ication. 'S short response
dedrseasi ng t he thpr 2 babi drctopn@afninafect i on, reduces overhead costs and
provides for a 24 hour nonitoring for all_point-sources considered

key. Ther ef or e VIFHi% e Fapars Bplcerlpate dmmmopBizpd an 81 wifesert thematariey
5, e 0, AR A0 e UG L LT8R
moni tor a cont hirhusnits ovgrodl upon bigding of theed heasinateaadtaofindnaki ng 30
RN e A AN T TR M
a ldoqui d str eafgporter group;
c) at least one detector for detecting the signal emitted by the at least one reporter
group.
[0037] This device allows reducing the response time of contaminant analysis to seconds
instead of hours to days like in conventional detection devices or methods referred to in the
25  introductory part of the application. This short response time allows decreasing the probability
of infection, reduces overhead costs and provides for a 24 hour monitoring for all point sources
considered key. Therefore, this system encourages a review of current quality legislatidn for
example for municipal drinking water or other types of processed water. Due to its unique
construction it is possible to monitor a continuous flow of a liquid stream instead of taking
30  samples which need to be analyzed separately. A detection of contaminants effects then an
instant stop of the connected cycle of a liquid stream. '
- [0038] The cartridge comprising the capture molecules also allows enrichment of

contaminants even if their concentration in the liquid stream is very low, thus making any



[ 0038] The cartridge conprising the capture nol ecules also all ows
enrichment of contam nants even if their concentration in the liquid
streamis very low, thus making any 11 follow ng pre-incubation
step(s) for enrichnment needless. At the sane time, the capture

nol ecul es in the cartridge also all ow Henoval or at |east a
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the opposite top corner of the cartridge. It sh be noted that
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that besides the specific location of the inlet and outlet for the liquid stream illustrated in Figure

3A I other possibilities of arranging the inlet and outlet in a shifted manner are possible.

[0042] For example, starting from Figure 3Al it is also possible to have more than one inlet

and/or more than one outlet. When looking at Figure 3Al it is for example possible that two
30 inlets are located at different positions at the bottom side of the cartridge (for example at the

outer ends of the bottom side of the cartridge) and one outlet is positioned in the center of the

cartridge at the top side as illustrated in the small encircled picture next to Figure 3AL



outer ends of the bottomside of the cartridge) and one outlet is
positioned in the center of the cartridge at the top side as
illustrated in the small encircled picture next to Figure 3Al. 12
[0043] It is further always possible to redirect the direction of the
flow through the cartridge because th&flow direction will not
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U—shapedbﬁlpe serves the purpose of elimnating the possibility that

air &Rppass through the cartridge. [0047] Considering the flow
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t hasmata(nﬂl alit ik dai’tﬂdg@ bmum%awmeuaigtmmonefsxddwf g ¢drtridige. REBibErd 9C the
be composed in which allows retai ning the _optical

trans paﬁagﬁ@g%ﬁpfﬁ%%m% boratat abihe koo acdrshinedgirafradiag t%/%@fc‘f@éllgé with the
time alj c{ﬁ kg géd ?g!@ L&' u@ﬁ% eS¢ éh&%?ﬁtu? % t}hdﬁt air
ets an nmp 1B |ng

the inl out ets c rrse an Ice or
spannedmbbkapmmﬁhmuﬁeﬁm&aﬁhégmenbrane or a nesh netmork dense enough

to 25 r j.n the s r eri wi.thin the cartridge but.w de

enough [ﬁ@)ﬂél I &Pﬁm‘?&@‘@ tlﬁo Bt © fﬁlée l}quﬁfﬂ isgeap &@u@qﬁtqdﬂ@ such as the
canir i dgfrifesPandirsRs SRt Fiys, SHah 3B %HbB@”Eit Q5 HBRESUsN BlarOhK l‘ﬁﬁt@rialh%‘f'ethe |
the additional effect of retalnlng any [ arger particles which m ght

still W@cummrmtwéwallmftthmcamdqg ngedsttp é)ampﬁmmdentaewasnyhtcheﬂlowsmtamgm the
B T e e AR A
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sUppor topgl?lglg I’valfh(’itcl:h 1s spanned by a water permeable membrane or a mesh network dense enough to
25  retain the support material within the cartridge but wide enough to allow a free flow of the
liquid stream through the cartridge or bead cassette. Such a membrane or mesh network can
have the additional effect of retaining any larger particles which might still be contained in the

liquid stream from entering the cartridge thus avoiding clogging of the cartridge.
[0048] The pore size of such a membrane or mesh network (e.g. a wire mesh or a mesh
30  network made of poly(tetrafluoroethylene) (PTFE)) depends on the size of the support material
within the cartridge. The pore size should at least be smaller than the diameter of the support

material. Another alternative is to have a cartridge entrance that is smaller than the support

material, such as beads, themselves,



within the cartridge. The pore size should at |east be smaller than

the diameter of the support material. Another alternative is to have
a cartridge entrance that is smaller than the support material, such
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25  [0051] Examples of reflective materials include but are not limited to front/back surface

mirrors, aluminium, gold, silver, band pass, Ar-Ion mirrors, foils and coatings. They can be used

as reflective materials for the containment of fluorescent light emitted from the contaminants

and reporter groups not initially directed towards the objective leading to the detector.

[0052] The material the circumferential wall of the cartridge is made of allows radiation to
30  pass through the incident wall portion and the emerging wall portion. Other parts of the outside

of the circumferential wall can be made of an opaque mateﬁal in order to avoid that any

scattered radiation from outside the cartridge disturbs the measurement of the radiation emitted

by the reporter groups. To prevent any light from entering the cartridge (i.e. flow cell) material



30 pass through the incident wall portion and the emerging wall
portion. Other parts of the outside of the circunferential wall can
be made of an opaque material in order to avoid that any scattered
radi ati on fromoutside the cartridge disturbs the neasurenent of the
radiation emtted by the reporter groh‘ps. To prevent any light from
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25  emerging wall portion is identical.

[0055]  The term “radiation” is understood to include electromagnetic radiation of any
wavelength, including a distinct wavelength, a set of distinct wavelengths or any region of the
electromagnetic spectrum. Two examples of 2 region of the electromagnetic spectrum are visible
light, corresponding to a wavelength range of about 400 to about 700 nanometer, ultraviolet
30  light, corresponding to a wavelength range of about 30 to about 400 nanometer, and infrared
light, corresponding to a wavelength range of about 700 nm to about 1 mm. Accordingly the
cartridge includes at least two wall portions that allow radiation to enter into and emerge from

the cartridge. The radiation is emitted either by a laser or by a photodiode.



i ght, corresponding to a wavel ength range of about 400 to about 700
nanoneter, ultraviolet 30 light, corresponding to a wavel ength range
of about 30 to about 400 nanoneter, and infrared |ight, :
corresponding to a wavel ength range of about 700 nmto about 1 nm
Accordingly the cartridge includes atl¥east two wall portions that
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fit to tﬁehgaﬁ%dzgg- and shape of the

25 [0059]  The size and the shape of the cartridge depend mainly on two factors. The first factor

would be the size and the shape of the pipe or tube for the liquid stream because the at least one

cartridge will be placed within the liquid stream and thus need to fit to the size and shape of the

pipe. The second factor depends on the kind of radiation source and detector which is used to

measure the signals coming out of the cartridge because the radiation source needs to be able to

30 excitate also the reporter groups located at the opposite site of the incident wall portion through

which the excitation radiation enters the cartridge and the detector need to be able to receive the

signal from those reporter groups which therefore need to be able to exit the cartridge through

the emerging wall portion.
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excitation ra I on can reach
cartri dgaen dhteefper e, the cartridge and the radi ati on source can be

nmovabl iLth respect to each other. That nmeans that eifher the
cartri EBQ&:] s 5@&}1‘@0}1@@ P?tg]:ﬂ, 15%5 ngegssary that the excitation radiation can reach every

25  reporter group in the cartridge. Therefore, the cartridge and the radiation source can be movable
with respect to each other. That means that either the cartridge is movable in front of the
radiation source, or that the radiation source is movable in front of the cartridge or both. As
moving the water pipe might be more difficult to realize, it is normally the radiation source
which is movable. This also means that the incident and or emerging wall portion need to be

30  adapted in size and shape to allow the radiation to enter and exit over the whole length of the
cartridge the laser is passing over. An example of such a configuration is illustrated in Fig. 2. In
Fig. 2 the cartridge is positioned on a translatable table which is moved in front of the radiation

source which at the same time acts also as detector.
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maber i Eb'radi’l & tﬁehc%rt?f&g? nfdferfhl Bﬁc?ﬁl%%atenal of the support material are the same or different

with respect to the specific application. Superparamagnetic beads are in general not usable for

the purpose of the present invention.

[0067] The size of the optically transparent support material packed in the cartridge lies in

the macro range which means that the support material has a diameter (measured at the broadest
30  point of the support material) between about 1 mm to about 3 ¢cm or 5 mm to about 2 cm. In

general the support material can also have a dimension going up into the meter scale. In one

example, support material having a diameter of about 6 mm is used.



with respect to the specific application. Superparamagnetic beads are
in general not usable for the purpose of the present invention.
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meki ng CHBTISET plider exagple) piase 8110 dess ealap Pl shege QY. dher@w gla}smédh%elrface
are kn t

Bl anum P ahed 1 CREpE RAFRIBLRA ploceds are Bl EINPLRAAABEAE B, Silane
al koxy cosplﬁmg@mml’ﬂ)@uuabwbé dooflom,d861). Ag onke hd €iHme| cohplsng zﬁ@nashaae\dlkoxy

at the ather end t ve. a la 0 ,nunmber of_ functi onal
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gener alnuhefuf ﬁﬂcﬂ@naﬁ%ﬁ 1%‘39\@!1‘1@]‘1 B8 e QRiRdred ok ANBSctch Oﬁhéshat(fl% e used. A
(Formula I') 25 In whic i's a functional group and is a

hydr ol \gsa@rplefoamlation fu wpsanabestienah gilangs ishi s structure, two different
reactions may take place: the al koxy group which has been hydrol yzed

to silanole reacts with the mneral surface; on the other hand the
organof unctional group has the R’-Si-(OR); (Formula I)

25 In which R’ is a functional group and R is a hydrolysable alkyl group. According to this
structure, two different reactions may take place: the alkoxy group which has been hydrolyzed
to silanole reacts with the mineral surface; on the other hand the organofunctional group has the
capability to react with an appropriate polymer. Examples of organofunctional groups which can
be used are trichlorovinylsilane, triethoxyvinylsilane, 3-glycidoxypropyltrimethoxysilane, 3-

30  amino-propyltrimethoxysilane and [3-(3,4-Epoxycyclohexyl)-ethyl]trimethoxysilane.

[0070] Such coupling agents are capable of covalently attaching the required primary and/or
secondary amino groups of a molecule to be attached to the substrate surface. One exemplary

way to silanise a silicon surface (see Figure 8) is to treat the surface with



capability to react with an appropriate polyner. Exanples of

or ganof uncti onal groups which can be used are trichlorovinylsilane,
triethoxyvinylsilane, 3-glycidoxypropyltrimethoxysilane, 3- 30

am no- propyltrlnethoxy5|lane and

[ 0- (3, 4- Epoxycycl ohexyl ) - et hyl ] tri met hBkysi | ane. [0070] Such coupling

agent s RERIPRM tBmethotpyiahe THL Y- (@%ﬁfﬂll(mﬂleEy? ABYE) 1t8 ChcBVABBAY surface to
and/ or secondary am no groups of a nolecule to be attached to the
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sul f hydr car box enols a rboh re

Soor onAredneGRbopteR 4 TC AR SRS S0 Rl SR TRoRbNET Af fhat Ty lead to
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1 oy e S s e B RSy ther et oo Al acpeetile roues.
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pr oper tPEL) apd il ighidAslddlimsthybaminepronrdearagiiznde hydreshdeyeds (&0 or EDAC).
25 [0073] Introduction of PEO (polyethylene)/PEG (polyethylene glycol) spacers result in a

crosslink that imparts favourable properties of increased solubility and reduced immunogenicity

to the crosslinked protein or protein-complex. Those spacers can be introduced in the

aforementioned homobifunctional or heterobifunctional crosslinkers. Further homobifunctional

and heterobifunctional crosslinkers are available, for example, from Thermo Scientific, Pierce
30  Protein Research Products. Additional homobifunctional disuccinimidyl crosslinkers are also

disclosed in US 5,380,873.

[0074] Following the pretreatment, if necessary, of the surface of the optically transparent

support material the capture molecule will be immobilized on the support material.
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be engi neered bl ndil ng
Nature Biotechnology (2005) 23, 1556 1561) Adnectms derlved from a domain of human

25  fibronectin, contain three loops that can be engineered for immunoglobulin-like binding to
targets (Gill, D.S. & Damle, N.K., Current Opinion in Biotechnology (2006) 17, 653-658).
Tetranectins, derived from the respective human homotrimeric protein, likewise contain loop
regions in a C-type lectin domain that can be engineered for desired binding (ibid.). Peptoids,
which can act as protein ligands, are oligo(N-alkyl) glycines that differ from peptides in that the

30  side chain is connected to the amide nitrogen rather than the o carbon atom. Peptoids are
typically resistant to proteases and other modifying enzymes and can have a much higher cell

permeability than peptides (see e.g. Kwon, Y.-U., and Kodadek, T., J. Am. Chem. Soc. (2007)



targets (GIll, D.S. & Dame, N K, Current Opinion in Biotechnol ogy
(2006) 17, 653-658). Tetranectins, derived fromthe respective human
honotrimeric protein, |likew se contain |oop regions in a Ctype

| ectin domain that can be engineered for desired binding (ibid.).

Pept oi ds, which can act as protein |idlands, are oligo(Nalkyl)
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whi ch determ ne the physiol ogical status of the cell by profiling

st age- sgBeifiace Qoo dr SewepiisPoft alh@002cloumsal pf MEerobidngiead Mgthods, vol.49,
oot v sy b cRRR, B A, ShubliRglageal MRS, p1ss)
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prot ei bha{Psh dRMahiMBPsLARER B @]R/@ﬂsag' Arrefafld MR LYowRNage afl Eﬁg% plays a

cells which is inversely correlated wth gromh rate; a

pl ays ariticalirplecal copulimting rBdGY shintlasisngith Bidvis yRomest, 4. vBarvaig rRawtt lal., 2002,
(Ronmpre, A., Servais, P., et al., 2002, supra). 20 [0080] Another
group SFP@pture nol ecul es that can be used are aptamers. Aptamers

areg sgessd]i ¢ Rhgher gl oFl dafing! el d@ul daBaCORPEd 884 Ar¥Ripbahdry, Aftafibrs are
nucl eotides |ong or proteins typically conprised of 10°'to 20 am no
aci ds whedhc B atBpA aligenyelepiigis coomprisedh ppecally il fetdsnusiratidehppeor povieins
to thi -apt S, C . pr . ndyti

speci 1 TECAR ey, 807D Rl SRMERRAR st & el hfiyB of e
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apt anerlgolg%rl]arbteargett).t]??eicggs% ];ur?rexztirag\{id(ijriaar;rsl rdri\%%si‘?; ortml%gl%gtlﬂgrr sﬁ%regeéxsiét within all
25  possible nucleotide sequences, aptamers can be obtained for a wide array of molecular targets,
including most proteins, carbohydrates, lipids, nucleotides, other small molecules or complex
structures such as viruses. Aptamers are generally produced through an in vitro evolutionary

process called "systematic evolution of ligands by exponential enrichment” (SELEX). The

method is known in the art and is an iterative process based on selection and amplification of

30  the anticipated tight binding aptamer. In addition to high specificity, aptamers have very high

affinities to their targets. Typically aptamers generated against proteins have affinities in the

picomolar to low nanomolar range (Bunka, D.H.J. and Stockley, P.G, 2006, Nat. Rev.
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agaij ns tiluorophore pair has already been used for the detection of bacteria of the genus Salmonella and
25 Listeria (Ko, S., Grant, S.A., 2003, supra). Monoclonal goat immunoglobulin’s IgG against
Salmonella common structure antigens-1 and Listeria have been labeled with this fluorophore
pair. A person skilled in the art will know that other fluorophore pairs can be used and other
capture molecules, such as antibodies, can also be used.
[0084] Another class of reporter groups that can be used is quantum dots (Qdots). Quantum
30 dots, also known as nanocrystals, are a special class of materials known as semiconductors,
which are crystals composed of periodic groups of II to VI, III to V, or IV to VI materials

(IUPAC recommendations of 2006). Quantum dots are unique class of semiconductor having a

size ranging from about 2 to 10 nanometer (10 to 50 atoms)' in diameter. Because quantum dots'
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25  bacterial cell.

[0086] Their suitability for the present system relies on the fact that quantum dots offer
prolonged fluorescent lifetimes and high quantum efficiencies which is particular important as
only a certain percentage of the light emitted by the quantum dots is directed towards the
detector, such as a CCD camera with a high sensitivity.

30  [0087] Complexes comprising of a fluorophore group and a fluorescence-quenching group
are commonly used for labeling, e.g., aptamers. For example, a fluorophore group and a
fluorescence-quenching group are located at the end of a double stranded nucleic acid which is

immobilized on the surface of the support material. When hybridized the fluorophore group and
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of sui (A weiasionrmdtshitabie wavelength cBije fuereserings r:mrsswar prgding fivmoendogenous
T S A
si gnal siishigaisher by ﬂﬁtﬁbs’t@ntesxggﬁmoblt‘émlé&[b@rida[ngyé)@ig%dslrkﬁortd’ﬂ%roups like the
one previously described. Together with aromatic amino acids and lipo-pigments, further

25  endogenous fluorophores are pyridinic (NADPH) and flavin coenzymes. All microorganism
contain these biomolecules, for example the amino acids are the building blocks of protein, the

nucleic acids are the building blocks of DNA and RNA and the co-factors NAD and NADH are

essential for the transport of electrons to the terminal electron acceptor in cellular respiration. In

tissues, the extracellular matrix often contributes to the auto-fluorescence emission more than

30  the cellular component, because collagen and elastin have, among the endogenous fluorophores,

a relatively high quantum yield. Changes occurring in the cell and tissue state during
physiological and/or pathological processes result in modifications of the amount and

distribution of endogenous fluorophores and chemical-physical properties of their
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02/ 077018, . US 6, 103, 493.
of wild-type’ streptavidin (sequence disclosed in Argarana et al., 1986, Nucleic Acids Res.
25  Vol.14, p.1871) by one or more amino acid substitutions, deletions or additions and which retain
the binding properties of wt-streptavidin. Streptavidin-like polypeptides and streptavidin
muteins are polypeptides which essentially are immunologically equivalent to wild-type
streptavidin and are in particular capable of binding biotin, biotin derivative or biotin analogues
with the same or different affinity as wt-streptavidin. Streptavidin-like polypeptides or
30  streptavidin muteins may contain amino acids which are not part of wild-type streptavidin or

they may include only a part of wild-type streptavidin. Streptavidin like polypeptides are also

polypeptides which are not identical to wild-type streptavidin, since the host does not have the



[0093] "Streptavidin nuteins” are pol ypeptides which are

di stingui shed fromthe sequence of wld-type streptavidin (sequence
disclosed in Argarana et al., 1986, Nucleic Acids Res. 25 Vol. 14,

p. 1871) by one or nore am no acid substitutions, deletions or

additi ons and which retain the bindi ng2%roperties of wt-streptavidin.

St r ept adtizgnBs WHiéh B WaeRtd 98 oradtioStraeibay itk Rost/PrbAicBS Rl}eptide into the
pol ypepti des which essentially are i mmunol ogically equivalent to
wi | d- t yghactuss ofepidsipgisieniaddi@yr e i n particul ar capabl e of binding

biotin,,RaQtin i j LOL1 : ' [ o .
differ e[rquﬁf fi Eﬂ%gé“égshjﬁﬁgﬁne%%%ﬁcﬁﬁdgg ﬁ%@?ﬁ&%ﬁ%&% n-“'lt %}%es pg%%énp?limc?é% m
or 30 siartfilavitebtavitid éondtdimyhet tr@ptavidii homadintkes, Wiicptavhiire hertotgtdniers
of wild-type streptavidin or_ they may include only a

Eﬁ‘ﬁ\/ﬂé’f‘lﬁﬂlq

t of
i | 8-ty SepRpd ety cRBelb g aghindiss s donpiggn or biotin
| d- 0y | chitd PR TresbFgper ded e doabisgn o
e horfERest G Y RbE R bR ey © YR S m o der Tt
t ransf d0693]he Brahplps ofstrestayiding pepitdepiavidit enutdies ast maationed, fif example, in
il d- i.din. 4 h tayi di i |
ot v ot 2GR PAEEb Y L s4lrd02 ph: SodRTbRL HEB. YRS, S sfipté Ghe wo

st r ept g 1iele R dBkfRdd @éEEﬁI?tionséff a%ﬂﬁ%yﬂﬁgé fh OAGH R avﬁir[-ﬁi@ﬁﬁ)é}[n%é‘found in

heterotetraners 5 and streptavidi t erodi ners. Each subuni
norl@al IM. Pagn SawigadhyidinsBiotinf(Grentistot: iAn Handimiokt PierceaiadnnigaleSo Qlantiagy 1992},

2t r ont dPR R7ROPEIDE BF Bhit Relssod N1 BRLAGEe ot il ATBBHHOHSCrinclgss,
86/ 020 WblurRE: 1596 4/BBARAL84:USyiGirOBR:A5 Eech Mo B/(HRRRs 30 05O R4 R 480 emic

A detail ed descriftion of affinitg tags in particul ar

st r ept AresgitvaiZ8t 1 3P00.dABDEITRoUZd 8208560 M Dean Savage, Avidin-Biotin
Chem 1A i 1 . J 99.2). | SBN . L.
976 003D 1 o Rgsmt VhIcnS oR SECHU g Bt 7 3he fo7Si00, o iR, piotin

Tedbnolvwigyh arédvalsurimo®ddin We! arend 8de oMol thentidicdt innthtedduamled@Yjust cited. For
(Met hods in Enzynol ogyl), Academc _Press_ (May 28, 1990), | SBN . .
978- 01 ZX8PDS5 5 CaptirsoBplese camprigng Riotinds dishirg torsteoptagishin yiharhys prmgbilized
very st L . CoLin d

o e S OsieoR o e bpRtal A0k e oplcChgfiriar ub® (tirdifh hifa KM of
exanpl d.0"a malpther greptavadindbeotino systans i imcprioi of ihe ®sbiusel mgsteros. Other suitable
streptavidin.which is i ilized .on the, surface of the opticall

©r anap dPIRER iy SREs Tt B0 Bh arpiia: g e DrthSTA S i S b groups
109865 gl tihibe. streptavidin-biotin systemis one of the nost used
systems. Qther suitable conjugation systens include, but are not

| mt ed99%Y ]t hoHalepirsh mere than ona spivreanoleede baxhe immobibised omthe surfece of the

k8P 558 T i DT8R RS o o o
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desired for the detection of the same contaminant via different regions thereof, e.g. different

25  haptens of a protein or different recognition sequences of a nucleic acid molecule, e.g., the

5'-and 3'-termini thereof, which enhances the likelihood to detect even a few Copies of a
contaminant (e.g. nucleic acid, bacteria, spores, protozoa etc.) in a liquid stream.

[0098] Turning now to the contaminants fo be detected, the great diversity of capture

molecules which can be immobilized on the surface of the support material allows detection of

30 secveral different contaminants. Such contaminants can be, but are not limited to viruses,

bacteria, cyanobacteﬁa, helminths, protozoa, spores, inorganic molecules, organic molecules or

mixtures thereof. In one example, the contaminants are bacteria species or pathogenic bacteria

species.
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Vi bro Cég%lme'iec%‘ VY?r inia.pestis, Yersinia enterocolitica, mxtures
or subspecies 6) %g}(g'up of particular interest is the group

comnpri Joowopal Aﬁa@bﬂ Soebilic, rEFL HRpArE Al @fhdst isSha RROMIpASUE RSEmMAbHCRHR, which
Campyl gbact erj ej uni, Carrp%l obacter col | and Bacillus cereus which are

r espond$ B Kepsixelyasge infertercof wgfer ereligy Jous dn opaexameple thargataginat to be
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parti cuhtastmahﬂe]raezsﬁhumns bed gthotiwaof-bbmided animaby ahd ateathwhioohd in $ecalseaktes.
extensiyvely as an indi Thus, in one exanple

ator of ter .qualit
the  CorftPeRRIRANGTISeH 0 ToIET % CPISaer ob 1Bk (cOBFHBUR PR, RADQEEHC bocteria, are
cobpf oned & & iRESSEMthe E@teﬁ@eﬁ ?es&mreﬁtee@p&ﬁogéae in w%@&ﬁdmehisocahf&ns

humans and ot her warm bl ooded ani mals, and are thus found in fecal
wast es .are also aow-m%)eéumdda diegbified mslrald@tvgonmdnts,namscgm pf them are of telluric

concentratl n pathogenic bacteria. are sed.as. an_ind
he. potciart At ghaERedRharGR & BRGAF kGl L RF" aabr Mrislis . Bimking
Col i f orveer 108 2164t beWohsired fa9 nsbskididl ihvedt Sir fihd@idatRat o @lcrobiological water
environnments, as sone of themare of telluric
quality deterioration.
25 [00101] The definition of coliforms (Rompré, A., Servais, P., et al., 2002, supra) used herein
~ is the one set forth in Standard Methods for the Examination of Water and Wastewater (Part
9221 and 9222; APHA et al., 1998), coliform group members are described as;
1. all aerobic and facultative anaerobic, gram-negative, non-spore-forming, rod-shaped bacteria
that ferment lactose with gas and acid formation within 48 h at 35°C (multiple-tube
30 fermentation technique; Section 3.1) or 2. all aerobic and many facultative anaerobic, gram-
negative, non-spore-forming, rod-shaped bacteria that develop a red colony with a metallic

sheen within 24 h at 35°C on an endo-type medium containing lactose (membrane filter -

technique; Section 3.2). The definition of members of the coliform group can be extended to



origin, but drinking water is not a natural environment for them

Their presence in drinking water nust at |east be considered as a
possi bl e threat or indicative of mcrobiological water quality
deterioration. 25 [00101] The definition of colifornms (Ronpre, A.,
Servais, P., et al., 2002, supra) used2?herein is the one set forth

i n St anfialude Weieh obtgadtristickSubi a0 B MR LA 0 8illas¥&ositive Rehcl b @aatoen 3 { KB et
9221 and 9222; APHA et al., 1998), coliformgroup nenbers are

descri bdld 1888) (enzamne sehsitatsi testaRertioactdx dihp wearahh ur Bighlestosidase-positive and -

gram ne j g - spare-farm.ng. 1o h . teri -hat _ferpgen
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30 f er nienhaitatoom, tvheh nhemetiphe afbe darneniatioartechniqilkelis asgdohe cadhidiyoxidase
facul tative anaerobic, gram negative, ngn-spore-form ng, rod-shaped
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at 35C - i IM.p0 | actose (nmenbrane filter

t echni qﬁ%?%s}g%{&?%ﬁﬁ%{‘gz a@‘ﬁgﬁge %H;ﬁ]?dtclmosg of nmenbers of the coliform
group cl@flly edypiaegintm @Bichibebhgde tied Beop ofi@zbhftarbasteria Snclads; huasre not
(2 D IR L35S, Dasinahr e bl ekt el and oS
/ 3- gal agkphelas 8olt0fh bhMeriand Ao HRhRCLASnd SRS, M%@H%ghéi ve
organi sms also permts a confirmation step for lactose “ternmentation,
whel® t H@OhRA]t i Bragozoatage picrbwlantikanyotesc MThey ae ickativelydargehmd some are visible
cytochrone;,oxi dase 5.test is also used_ .as .a confirmatiqn test t ..
o e et B U R B The ey vaS g o Do LR Gha Dt epclien simitar
woul d figringsetioldCin0stBer dul@08E cdlsPisGRéll BeaREATIN &BaRelk® bbb 8elonging
group of coliformbacteria include, but are not Iimted to _

G t r obdetthe gromatrbiveeeate fiageHates, masbasisbatogoany andsdikites Pahogenic iganera
and Yer.sjiyn : i.f o t.er a. cherichia coli ..an
2t er onadrrpmisnl 6 b PR RN Db ARG i gl ClalpR RGfoc B o Bk 1k o
eukar y dVegleribhayp.ar Bnthmbadtbiav @lsyol)teda) eGrindias inkblat eCripRsPbedium bhrihe and
naked e¢<e. Theﬁ%/ occupy a vast array of habitats and niches and have

or ganel PELEEPEr  to those found in other eukaryotic cells as well

as speqogl 44 edpLamRe b BSach20Rgi t i i

pr ot ozga ar% flageﬁll at eg?th%%ggég, spor gzoglhggé)#ggrceiWe{%y%%ems of the
Pat hogegshngs d&mcestisanblichr gancasne diargreet Damaingtstioh afatheb@exfnsuthese organisms
liquid streans, ipclude,.but are not limted to 15 egl.eria spp.,

Ent anod bR SraPiriicaniol BIgREs rBITEsSEs yREas BRI oY o fidaage and
Cy @oos pQransdRencn0 818 4pleEoa mRlngs el infadd) Age R CnGYRARBRES AkddRisl MEHHES;des,
but are not limted to species of the genus Mcrocystis which can
cause diafirriesidicm JasyiesugmicondtSesistaseinagiansede or gani snms produce,

Anabae hkch LCF tihn. toxin i i-cat n.livey. ..
diarmge ARG ERRAANE 6T AnlkEHRTNE e ety HRIGUCR Selebirebifpolipy coho,
not | i rdokedkie] Agpadtis 8 dndnBr Nemalle siruses, Sapporo, Rotavirus, Astroviruses, Adenovirus

and Reovirus. An example of spores would include microsporidian spores. Spores can be
25 produced by bacteria as well as by protozoa. For example, the pathogenic protozoa

Cryptosporidium has also a spore phase (oocyst) and in this state can survive for lengthy

periods.

[00106] The inorganic and organic molecules consist mainly of toxins which are produced~ by

microorganism such as bacteria, protozoa, cyanobacteria and helminths. Toxins may exert their
30 effects directly on a target cell or may interact with cells of the immune system resulting in the

release of immunological mediators (cytokines) (Deisingh, A.K., Thompson, M., 2002, Analyst,

vol.127, p.567). Two major types of toxin have been described: endotoxin, which is a



Trichuris trichiora, Taenia saginata and Schi stosoma nmansoni . [00105]
Exanpl es of viruses include, but are not limted to enteroviruses
(polio, echo, coxsackie), Hepatitis A and E, Norwal k viruses,
Sapporo, Rotavirus, Astroviruses, Adenovirus and Reovirus. An
exanpl e of spores would include mcr os%%ri di an spores. Spores can be

25 prodivggnbyt 0786 @ltéram@abiaBt bf ambiegRfiRd BietRia A8 lexS6R4MB) Which B produced
pat hogeni ¢ protozoa Cryptosporidiumbhas also a spore phase (oocyst)

and i n ¢¥haselidatydychath g@mp%t“rwd@ﬁgtnﬁgaﬁvgéqaw@ﬁ@ [00106] The
| nor gan['g@h d 8LAABLE. TRLecul eﬁshgés)gﬂ) sﬁ%chgﬁagl(in 1%05('&31 %’Héxﬁt frﬂ?e outer
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tar tfle” or. interact with cells of the i Mmune systemresulting
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the enterotoxins cause synptoms of gastro-intestinal disease,
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Eynos ot P ARl RAE RALUAR URLARCESA0Men SRR M0AIB) Bets). This
t oXiSns werddytot@tiar(Vay ok aginpakddy of dwoatpacts) Va‘(-:lt apd SVT-TYR#S cAch Baﬂﬁg Aand B
are thos associated wth human di sease, but

f tI
Cypes CHRRRITEC i SEOY DYBosTaferbiobBlH! aa et he ARMEXANDHE Brsogunit
ver OCytrHéd?a%bagﬁjébﬁictB%ﬁﬁg éﬂ&%&ébt(%rh?&dﬁt%d agfaﬁyS@@et Gih oxin which is

harnful to cultured vero cel African green nonkey kidney cells).
This 1801 ocYoxinokpm r(ov'ﬁ)atursl soorpo Blecimaf-made t@eint san ASb- e dotabtedTusthg the
wth eaach havi The A subunit possesses .t

A and . ,
b1 ol ogidicnctt gnd BEG EHERR Fer el En el poenBur e dia geide 44
speoi f idcHibradiphenyand, [-8¢aRsrobthARI [P T whthak el R a tdien tdéDacchBRid®] in the

Toxins fromnon natural sources |1 ke man-nmade toxi ns can al so be

det ect ¢@imaliongumpe bodeisisid ysest andrran hesefor ba favehin bawarksr exanpl e, in
som, OB ok 9648 dnShs Bt e P g s e e
whi ch aiatsamilmﬂm rémovddefrom a liquid stream which is a processed water stream. A processed
water stream means for example wastewater, water from the ballast tank of ships, sea water,
25  river water, brackwater and drinking water. For example, using the online system of the present
~ invention to provide for a fast detection of contaminants in the water of the ballast tanks of ships
can save time and thus money because the ships do not have to wait before entering the harbor
for any test results because the system of the present invention allows screening of large

volumes in a short time and provides immediate results upon detection of a contaminant.

30  [00111] Referring now to Figure 2 an example of a continuous flow device suitable for
detecting and/or removing of at least one contaminant is exemplarily described in more detail.
The contaminant to be detected in this exemplary device is a bacteria cell. As can be seen from

Figure 2, a continuous flow device can be composed of three distinct subsections; optical,



animal or human body is still used and can therefore be found in the
water. [00110] Using the device and the cartridge of the present

i nvention contam nants can be detected and/or renoved froma liquid
stream which is a processed water stream A processed water stream
means for exanple wastewater, water frdthe ballast tank of ships,

sea wat@iidic2Bdring@itorNatiar. , THer asticaptepiora Bl th déideNprovalee ithe b&dterial detection
exanpl e, usi.ng the online systemof the present 1nvention to provide
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bacterial detection capability whilst the fluidic section sinulates
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for the detection of pathogenic spores or pathogenic indicators
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i mobi | t sup ial. Such further, nolecul es
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FFowe *eRgeE ntph ool Bran (At bl Bt SR o o i st g bacteria

V0204 1,an@. i 5%firal imﬂ@d%bleomte@ioad@@ﬁ@d@tueowdgg hgrthe anlyb eb@hanse vt the
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ar e al |dejrsdan dicqinatpleyie R inchedh thespticHead Hdr ﬁectlom@ﬁ%@leﬁevws The bead
A ey e e i 2l

B, vol sitifitanpoidlyl lefddfll i8¢l Thea opinipdete omabanalysio, paviting G:ﬁ)tlme p‘at}mgen
t hr oug cartrl dge (A), specially fabricated in quartz, which

contai tegols whi ch effectively filters water in flow pipes for
spegi fi[§oNagt eFh@ beads of the exemplary cartridge (A) in Figure 2 have fluorescently tagged

antibodies or antibody fragments specific to the bacteria of interest immobilized on their
surface. In this example, the beads are made of glass. The immobilized antibodies provide the
specificity of the online detection device by binding to organisms to which they are
complimentary. Organisms of no interest pass the immobilized antibodies with no effects.

30 [00115] Turning now to the optics section, a controlled UV/VIS light (or electromagnetic
radiation, EMR) originating from either a laser or photodiode (K) is directed through and
reflected off optical components towards the bead containing cartridge. After exiting the EMR
source UV/VIS light immediately passes a neutral density filter (J). The neutral density filter (J)



20 and is central to the whole detection device. The cartridge is the
only conmponent of the detection device that plays a role in both the
optical and fluidic sections of the device. The bead conprising
cartridge provides the device the abiljty to sanple and to prepare

the sanple whilst sinultaneously Iend?hg itself to a conplete

opt i cal pravidkytic ptigr Ofvadying tepioweRlbf ﬂﬁtdﬁl@@e@ EMIRUERIEMR. i 1s Afen gk B a 45°
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obj ect iFFBLY N e {8 EeTEng dstargsrcamity sig plothe Gyl aepth
e DL ISR PSR LRSI e OB

deMiSce fren é)r@l?:il ﬁblds,pinmtaﬁﬁg tROxhReb wf Nk tipht( MAitRd 4%y, the/ Bporfemgroups being
10. 9-10-0; %ﬁcal | ength (nun) 10.00; Physical depth of focus 1.36
gm. O Tllm jectives fromthis CR series can al so be used. 10
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t he present i nvention include the abil Ity to transmt the excitatlon
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housedvmtlnte ectiv Theob i ehasa
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di QangeoPsrdihtie I@Ek&ieﬂsdn& titdtb® THi Featl@ptidillRfratieey Sl iriBRRuraf dvhere a
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aspect furt er conprises an additional "I'ens one
di r ect Ithe Japer Widthnt i0d fibteeptiarnt miade guidh ndihinvviieh et el lc:ghalﬁnahenhe dfuotdplores
radi ati.on beam(Pef ore entering the
1§ transmitte
25 [00119] The translation stage (L) or micromanipulator are instruments that allow the
movement of the objective (B) and bead comprising cartridge (A) over very small distances
very accurately with high repeatability. The use of the micromanipulators provides the
possibility of imaging the entire bead comprising cartridge during the water flow process. The
step movements of the micromanipuiétors are harmonized with the image acquisition by the
30  charged couple device (CCD) (F).
[00120] A percentage of quantum dots (red) (labeled to the antibodies as reporter group) and
bacteria (blue/green) fluorescence travels back to and through the objective lens (B) with any

reflected signal from the UV/VIS beam itself. The laser signal is reflected again by the dichroic



cartridge so that the radiation beamenters into cartridge over a
broader space, i.e. nore reporter 20 groups can be reached and
excitated. This feature is illustratively shown in Figure 5 where a

| aser beamis wi dened by |l enses 2 (concave |l ens) and 3 (convex | ens)
before entering the cartridge throughZhe incident wall portion.
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directly through another pipe set o the main pipe to the cartridge.

Af t er paslysipgf thages septnicddy tha& GRA(E: Qrabactaziatilefectivnete softawmeihdltathe flow
cont am ion of the water. 15 flow ng.th he mai.n pi pe Wth

par 1 ol SHERRREty Ao e Mgt Rl G Ta00. R 2450 shows o
noni t ordigpthysehit@n(bp fort dignal@vitpie tovktieChset and BRWAqisitibh Gfdeand GiglalMaRgue
conput er (yf:) runni n:g1 a software for analyzing the data. The )
sof t warcenverst stada iy Erc acawistpmvaglondhgital analogue converter stack (a) is a convenient

25  arrangement for signal converter cards. Each instrument that is controlled will send a signal to a
pre-selected card for signal transduction or alteration. This will predispose the signals into a
format understood by the analyzing software, for example LabVIEW™ software, thus giving
greater control of the entire detection device.

[00123] In another aspect, the present invention refers to a continuous flow device suitable

30  for detecting and/or removing of at least one contaminant in a liquid stream, comprising:

a)  at least one rotatable support positioned within the liquid stream comprising molecules for
capturing the at least one contaminant wherein the capture molecules are immobilized on

the surface of the rotatable support;



can control several of the devices conmponent parts including; the

punp (2), flow neter (1), translation tables (L), the laser or
phot odi ode (K) and the charged coupl ed device (F). This will 20

provi de conplete control of the device at one source. The conputer

(C) also provides online analysis of 3hmges captured by the CCD (F).
On bact eri alhelgih @6dH SMthé bptrseihvBaestalths dobfprikéow 1ef oﬂ@ffegértéﬂyrél?which
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Figure 7B). The radiation alSo enters and exits the pipes conprising

t he rot(Brapeerepapiont Thsrseugtiveasignad detecionds pesificaei shategichltesn thahpy signal
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di f f er entmgdiutEl9g@RScroorganism detection). The specificity of the capture molecule further enables

to identify the organisms trapped in the matrix directly.

25 [00126] The radiations beam from the radiation source and the emitted radiation exit and
enter the liquid stream at the same or at different positions. In one example illustrated in Figure
7B, the rotatable support is situated in the path of a flowing liquid stream whilst constantly
rotating. Perpendicular to the flow of the liquid stream a radiation source is directed towards the
rotatable support on which the capture molecules are immobilized. On the side of the rotatable

30  support directly opposite the radiation source a detector is situated which detects radiation
emitted by the reporter groups linked to the capture molecules which are immobilized on the

rotatable support. It becomes also apparent from those Figures that the pipe in which the liquid



Firstly, the rotatable support traps contam nants contained in the
liquid streamflowi ng over the surface of the rotatable support
(enrichnment of contam nants). Secondly, the nmechanismused to trap

or catch the contam nants on the rotatable support via the capture

nol ecul es si mul t aneously 20 provides t3#k nechani smof signaling on
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[ 00128|materiad hendneé in i sablidge deheritedtabowbl e support itself serves as

radi at i nduct or... ,That 10 ans. that the.radiation es .not .enter
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redirects light emtted fromthe reporter groups to the detector.
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reporter groups It is another advantage that neasurenent can al so be
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r 0b3t abl§eSHRRRE ImA6biBiz&F cdn it does not need to be manufacture of another material than the

optically transparent support material. That means that the rotatable support does not necessarily

need to be manufacture of optically transparent materials. Thus, any kind of material which

allows immobilization of capture molecules on its surface can be used for the rotatable support.

In addition to the material cited above for the optically transparent support material such

30  material can further include, but is not limited to metals, such as gold, silicone or platinum,
polymers such as polyacrylamide, methacrylate or polystyrene.

[00131] TImmobilization of capture molecules on such surfaces can be carried out as described

above. In addition, protein A, protein G or a streptavidin-biotin complex (for more details see



radi ati on conductor it can be nade of the sane material as the
optically transparent support material |oaded in the cartridge
descri bed above. [00129] The rotatable support can be of any shape as
long as it can rotate within the pipe for 20 the liquid stream For
exanpl e, the rotatabl e support can hav® t he shape of a thin plate or
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about 7.5 while the temperature range would be between about 10°C to about 38°C or 22°C to

25  about 38°C.
[00135] The flow rate which can be used in the method of the present invention is much
higher than in usual flow devices like a flow cytometer. The flow rate which can be used in the
method of the present invention is between about 100 ml/min to about 2 1/min while in another
example the flow rate is between about 500 ml/min to about 2 /min.

30 [00136] As previously mentioned it may be suitable to locate the devices of the present
invention off the main pipe in which the liquid stream flows. Thus, the method of the present

invention comprises locating the device in a pipe which runs parallel to the main pipe and



[00134] In another aspect the present invention is directed to a
continuous flow nmethod suitable for detecting and/or renoving of at
| east one contam nant froma liquid streamusing a device according
to the present invention, wherein the thod conprises directing a
liquid stream along or through such aggevice. Since the activity of

sonme of brtuxhes ayff ur ertahl emuleso2theniighit sepandhikh ishwpphicd abulse 8iderich efor
tenperature of the liquid streamthe nethod of the present invention
can al sSPYFHBMSe adj usting the tenperature and/or pH val ue of the
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flow devices like a flow cytoneter. ow rate can be use
in the alhgtitsdeant, wheeeip thesaritidgnecemirisost i s bet ween about 100 m/min

to about 21/ mn ile.in ot.her _exanple the flo te, i s. between
wbout 500 P RS ot BoYiRge i Sh SR A froks ek B g gt hesiorgnen o
it may be suit addifichAndi@llipaeidheaideaadiafiod S8eRi@SeAL portiy.ent i on

off the main pipe in which the liquid streamfl ows.” Thus, the nethod

of l0he pregérein ithy sartrideg Woher Panerrisedp et necked evide vbdenllyrtransparpes support
whi ch runs parﬁlake«gal,to the main pipe and 36 branches off a certain
anmount of the ITquid streamwhich is supposed to be screened for

cont am nantweherdif He3Fptichhie thhgRedt supprninathial & Pdcked i fRCiarfridgé BEchuSer a
of the devices_and the nethod of the present invention to detect
and/ or renove HeWEaMIG#htcan fRashn hetweguivaidst fosmad withipoamigr by Bisoeriielly

aspect, the pr I I 0 refers to a cartridge adapted to
be used in a con %rﬁuoﬁl?g%ﬁt%t ea\%i ce suitable for detecting and/or

renovi ng ofwhateih élzes bptomally crnspantm anpporh magerlal gomgrisdsrmaleyuled éoredapturing at
cartridge ﬁon{)ri ses; a circunferential wall having a first inlet and
a first outf8tOHHPIAHEN Y qui d stream and a radiation incident wall

portion angirdi@tHeahpfin: SOREAEN g WRIobRRel bR Mhe shPraWDSF Bk Bufdd8 material;
cartridge further conprises or is packed with optically transparent

support  naithsrdimpachyidhesapturh snadgrulesdluthertcompsipes b Aeassuppopertargram which
5 ook IS R RS I b A o 020 P
suppor tfOMER9Sr | Bl anotlerwdgdot) the pr@etihi&aibh \aldor REGRRLivtat 819 B ort adapted to
metert a‘ge Escf):(rirpiglias ggntirrrl?llogsc lfjlloxe;fsdgv?ée gu% agoﬂer %orllgde?etcting and/or removing of at least one
contaminant in a liquid stream wherein the rotatable support comprises molecules for capturing
at least one contaminant wherein the capture molecules are immobilized on the surface of the
rotatable support; and wherein each of the capture molecules further comprises at least one
25  reporter group which emits a signal upon binding of the at least one contaminant.
[00140] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed herein.
Thus, for example, the terms "comprising”, "including”, "containing”, etc. shall be read
expansively and without limitation. Additionally, the terms and expressions employed herein
30 have been used as terms of description and not of limitation, and there is no intention in the use
of such terms and expressions of excluding any equivalents of the features shown and described

or portions thereof, but it is recognized that various modifications are possible within the scope

of the invention claimed. Thus, it should be understood that although the present invention has



| east one contam nant, wherein the capture nol ecules are i mmobilized
on the surface of the support material; wherein each of the capture
nol ecul es further conprises at |east one reporter group which emts
a signal upon binding of the at |east gne contam nant. 20 [00139] In
anot her aspect, the present invention M so features a rotatable

suppor tbead 3pécifically disetosesd &6 prifemed enbbli@insg dddoyptidani fetusdsl hvdifafien and
detecting and/ or renoving of at |east one_ contamnant in a li
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vari at ilBfvidPakaenbenvs sehen fmeabas of theMatkusheste®m di scl osed may be
resorted to by those skilled in the art, and that such nodifications
and variations are considered to be within the scope of this

i ndéntion. 5 [00141] The i nvVEXPERIMESTAZSECEHONI bed broadly and
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with a proviso or negative limtation renoving any subject matter
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[00145] Glass Functionalisation Method (APTS-GA): For antibody Immobilisation
[00146] Glass slides (borosilicate, Cell Path, UK) and glass beads (6 mm diameter,
25  borosilicate, Coming, US) are washed in 5% HNOj; at 80-90 °C for 60 min and then rinsed with
distilled water and dried in an oven for 24 hr at 110 °C. Glass beads or glass slides are immersed
in 10 % (v/v) APTS, pH is adjusted to between 2 to 3 with 6 N HCI. Glass in APTS is placed
into an incubation bath at 75 °C for 2 hours. The silanized glass is removed from the bath,
washed with distilled water and dried over night in an oven at 110 °C. The glass substrate is then
30  submerged in 50 ml glutaraldehyde (2.5%) in 0.05 M phosphate buffer pH 7 for 60 minutes, see
Figure 8.
[00147] The glass substrates are then washed with the same phosphate buffer. The

antibody/biotin solution is aliquoted in serial dilution onto the functionalised glass substrate and



[ 00143] Chem cals and reagents used for functionalisation, antibody
i mmobi | i sati on and conjugation [00144] 5% HNO3, distilled water,
3-am nopropyl tri met hoxysi |l ane (APTS) (10%/v), 6 N HO,

G ut aral dehyde (GA) 2.5% (Chenmicals Testing and Calibration
Laboratory, Singapore) , 20 0.05 M 0338 M phosphate buffer pH 7,
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subner ggdidsiz. 50 m gl ut aral dehyde (2.5% in 0.05 M phosphate buffer

pH 7 for 60 m nutes, see Figure 8. [00147] The gl ass substrates are

t held wal$RetBIwi rrayhBhataetectpéroSperdrasconyf: for anglysingahiss ot délemistry

sol uti | Sy-al kquoted in serial dilution,onto.the functionallsed.

ol ass SUBLBIar SHIRISS gr Depaed b (Y e e mienllo i BY 0t Bl pisges end
i s washéctWrahizdd WitMiehashbatescbéd Bl sesabi Ne. X(ﬁﬁ%hot@lﬂegtr&l §J86@2 of a blank
times. 10 | of a_predeterm ned concentration of the Qdot streptavidin

conj ugaand fugctignslipeclags surédeeragicoeded ttith glAwis-UWiud pheweksstroh spectremgter
t he antj . I t . [l .Q.. St f

i nut s STROY AnBRCH, R SHR AR R HafizkS Pl R S BTt BB QlpeR eV
marisal , at M|kt atdal OnPA oBles analysis it cagied outinder dighepicavh dhd pesnjrt gathesnalysis
Dot gen et S B350 £ ARE e pesmeg S 40 oV o

Technol . B : i ]
o ekl s SO M B AT i o .

Ii Ebs eqlL[@ﬁl'fIOQ r é&@i;aidEﬂera/ﬁtmEb@y: Fa):n:ilnyging.(lzdﬁs pOO basleriX-r ay t

ot oe n Spectraoscopy:. .For an n ass surface chenistr ,

[ 00140] BT o TPe AE SRR anice B Ry Tord 15 nede Sedans Pre o SLeqlk 12
by 20. 5 (@RI EXAS), Ackhe ol bitanadet ZeA Dnbbidel (meieReds siesifs 18Be Microscope
section_1.2. X-ray photoel ectron spectra of a blank and

funct i diYapqos Bégiigl tnssumenisald®) with duell mewitaser ograpiter, Manascepe HRSPM Controller,
Photoe R PESY SRTLE! 4 ABLEN TGPy 3PS A Bt scn
samples in contact mode.
[00152] Bacterial Culture _
25 [001353] Escherichia coli K12 (ATCC 23716) is prepared by inoculating 20 ml of tryptic soy
broth (TSB) with E. coli K12 colonies grown on tryptic soy agar plates for 24 hours. The 20 ml

culture has been incubated in a water bath (type GR150, Grant Instruments, Cambridge, UK)
over night at 37 °C at 100 rpm. The following morning 100 ul of the freshly grown culture is
used to inoculate a second 20 ml volume of TSB and allowed to incubate in the same water bath
30 and same conditions for 2 hours. Cells are harvested after 2 hours whilst they are at the
exponential phase of growth. The cells are taken from the bath and centrifuged at 3166 * g for
10 minutes (Centrifuge Model No. 5810R, Eppendorf, Germany). The bacteria are washed twice

in PBS after which they are re-immersed in PBS ready for analysis.



15 at 15 kV and | OMA. The analysis is carried out under high vacuum
and pressure in the analysis chanber, approximately 3xI0-9 Torr
(3.9997 x 10-7 Pascal). The pass energy is set to 40 eV for detailed
studi es. Binding energies are calibrat Wth respect to alkyl Cl s
signal at 284.6eV. [00150] Atom c FortTe M croscopy: For inaging
Qdot s dAdldEdct BlavaCy@iddy: Fﬁrd)aatemrﬁ@pimrecsmdﬁas:r oscope (AFM used to

Subst r ADBLS) o Sl e Beb Spier e KA Aty B 6B M SRR B In he

(Veeco,mihed Héslcnb&fh{ HORBH 9. 2. ) 1\/Mftpbedi%b?ﬂnn{éﬁ%h%c%ﬂccﬁﬁ@ﬁ>&ﬁu%hs (Rabbit Anti
Nanoscope | LI SPM Controlle Nanoscope 5.12r5 software.

cant i | eerli i, rOamﬂdi @etlmsemwcsﬁ Abcas, NSpaiesinusebilized em:tarthe R@bstrates in

EeoRor AT DR Eid TRReR SEPEES o4 PP ehr B Fonee St g 0P 01

trypti ®@BE®¥nd Q{p@%é’ﬂ foToRBlowh Ebhdentr@&n ofkd 20 ®1ONIATECOIDIWE) 8t 30 MBfuk&s. The
soy agar plates for 24 hours. The 20 ml culture has been incubated

in a 1 yhelasy vitheelorumtes @r alace infe vrlfraheentrifgaerinbe ¢getaining 3 mds/ef0.01

0 R A L A O R g 45

al | owedatteria s@y&mtmcheu foltBe glABEslifas. exfidd ahé miMuta ik JaIBIiGANHE tHed m@ceﬁcffom
2 hours, Cells are harvested after 2 hours whil st thﬁ% are at

expBnerfts ﬁ*beﬁﬁ‘ﬁ%c%?= “TgrigWIng, asTHC deresa dr EBB arawstiblnibd Siak b are then
trif : ¢
Eonenacepit Rl o $56"x 0 bl 10 M RCUAfiod el NI IRIRonbRIord Gerkdiy),

whi ch tsbpgmaxam' deeanteﬂmrdslmdtehal B8t reciadyerfalrindnal §.61 BBSSQ [00154]

Fl ow Cy For bact eria c re studie 00155] cut_ gl ass

sl i des [Q@%ﬁ ﬁﬁ?’é?@‘ %08 %%9?%%% rﬁ%ﬁen@fﬁ&%tamén%q ﬂtrag84= Sifggpore) is
met hod ﬂ?&ﬁ%&)@& e'aEh %gl?tsbl%ﬁlela@d 1&9 1111 aoﬁmﬂr&gﬁéﬁﬂ%%gu@i% FROQY mins. Cell

concentrations (Rabbit Anti E.coliB1O", K antigenic

serldt ypescenpbaempt ¢agh Samela haytben detennioed osmgl QOMmatje@AGScﬁhlswfr Badton
di | ut:Ncatp whi chSare t hen i ncubated at 4 C over night. The sanples are

t hen ﬁlélﬂsqnn G888 °pBS and exposed to a known concentration of E

col i KI801(AT CCGRak< bead pRspashkisti nutes. The small cut glass with cell
sanples are place into a 15 m centrifuge tube containing 3 cols of

0.01 PEE8hr Berctigndliselion ohelagmbeadpihratrigd @ubuging theasams ¢hemistges pred for
PBS athé gl?{ss' ﬁ‘&@? 'sleé Ee%ﬁon ?qck% h@s St 1§§§&ﬁlﬁ%§§%£‘h{%&{(enl lc%f Siotin 9 and K

sl i des. ter oné mnu Fags’ st are rom 10°

t uBés wntienit@r@ptypesytibicag, m)laret ptepaleddh @mal cenfPBEzeasibpgsIO0ll qer Tite. The
15 m t bes arethen entrifuyged at 3166 * g for 10 mn (Cen I‘Ifu%
Model [bUteRs g8 they fpixe ﬁyl}nmeréwge?%tﬁmwa@é@%t%eﬁsa gpd 1o the

bact er izalibRfds @&e FRutdTE AR dals an %’fﬂﬁd? kB Sre OB ARY a9‘f4t°@f overnight. After

agitation 10 [ of BR green nucleic acfd dye (Invitrogen, Singapore)
is incubation, the beads are removed and washed in 0.01 M PBS and placed into a second

centrifuge tube containing 100 pl of a predetermined concentration of Qdot*™Pavidin

solution.

25 The Qdots conjugated to the immobilised antibodies for 30 minutes, after which the beads are
retrieved and washed in 0.01 M of PBS. The prepared beads are then exposed to a bacterial
culture of E. coli K12, washed in 0.01 PBS and examined using epifluorescence microscopy.
The bead is stabilised onto the microscope stage with the use of a small plastic table device, see
Figure 12,

30  [00159] Epifluorescence microscopy
[00160] Immobilised cells are observed using an Olympus BX60 microscope at 1000x using
UV and Blue band pass filters. Images are taken using an Olympus charged coupled device,

type PM-VB-3. Images are analysed using Image Pro Plus, Media Cybernetics, US.



introduced to each cell sanmple and left in a dark cupboard to
incubate for 10 mns. Cell 15 concentration of each sanple has been
determ ned using flow cytonetry (FACScalibur, Becton Dickinson,

Si ngapore). [00157] d ass bead prepar a%é on [00158] Functionalisation
of glass beads is carried out using thé same chem stries used for

t he gl g981&l]i dResultseadsdistussion2. 1. A series of antibody dilutions

(Rabbit. Anti. E.coli$ ", and K 20 antigenic serotypes, Abeam US)
are pre@gp@d iﬁic'g"’r?hﬁ‘)tﬂ'é%??‘ftf?fﬁgpx ubes, 100 | per tube. The dilutions
are thopovs] y HitHRIIBE6PKS SI PRI d@)ﬁtr@éiﬁgfd\hﬁﬁﬁtﬁé% Rlch 388, ﬂ{réée?l fHicone

into the antibodies, see Figure 11. The DBeads in antibody tUbes are
i ncubatweciag (fawr@ gwensisighitlevels pEbindingcobigids¢ay))thsevivadlie ART8-G.A tseted and

d hed i 01 M PBS d int d . trif t ub
conta; RGBS By SEn Pea Bt R iy Fldtrechn PP BERRe AP OThBIon Brogbia on Table
sol uti onin 2k i@ &&Hestr£ and YHAK € the Prebdhie IoIMBDOBArbéS @@hngdsﬁén&@%eﬁighmc C-C
30 mnutes, after which the beads are retrieved and washed in 0.01 M
of PBS.comenpiteith eédbivdagsengrgy ohad-8x@6se-@ ccoampsaentesti 286.5 ¢Vl angr @ C=0

of E. calj , i .01 P an ned usi epi.fluorescence
i or o Cpipolibat 88 8 Fhd Rl i PR 20 by B e BBt L R R o
t he usefr@h cantanidating lc&bbh Gotiraéd hddeorh ¢les caRRntlibghde chzbon3omh® Ghf@]within
Epi f | uorescence m crosco yd£0016(l)451 | mobilised cells are observed

usilfg dhe drapepsrupies of @P Rby& Ancombimgtion shgtionalisgiinn of the pufege by the

ass fi : t 1S . . r oyl .

v ce. P Ty DA LATRORSIE Re SOAN HELAG 1RO TS CRUAES, AUBIRE of nitogen
Medi a Gpbeen@r2 % tolUB79%D sudddtrd 6Hd pieemick tof ammeb dicapuaférofunfiddihB@ion. This

X-ray Photon Spectrosco 00163]. Hi gh.resolution XPS reveal ed o
contrasf?f)rfﬁ?gﬂfﬁlu‘gﬁﬁiatﬁ tg%‘u[e%qrb%_, %_ﬂtg%@@ﬂm&matm? Bierce spieene£20.77% fo
(found atemENsh@tRBS theV&InFiablcelindi Mg e8RS Wufbcd %}{Lﬁlislgglt ‘g@s‘i%e&lﬂemodiﬁed

APTS-GA treated and 5 untreated glass Surfaces, see T . Figure
13 15evewmbwprinelsbyrthe fufigiomalisatinn sbersistrion. Tire Sigiyl] enctedse of hd s {40the'of and the

spectr nd._sh t resence..of .3 carbon ¢ onents:. an.ali i

So ook dblied BeESTRET ule dy SEHeSa R R i Ging R sl des-
286.5 ayaand a C=O conponent at 288.8. The main peak at 285.0 eV
represents aliphatic carbons likely to originate fromcontaninating .
car bon [881f¥desTablg ¥ Atmicreneiiatieh pergesasaseyf nitedran cabemgng siligeme species
W t hin t : - GA conbi nati on.

Funct i oc’rl?feﬂ“lE ggt{%%gér?r%?‘A?'fllreSJ?&ﬁ?%?:eedo%lgg{’]ﬁge&)ETs- GA chemi stries sees a
total increase in atomc carbon of 8.92 % A tripling of nitrogen

speci es (0725 T 0 Bankd¥bmRUIUAPTS-GARoMIcCCoReEnTatidh [ABiiaRg SharEPBostioh €
functionalli_sati on. IS .
Element | concenfration % Y% (eV)
N 1s1 0.25 0.79 400.00
C1s1 18.49 22.91 285.00
C1is2 4.72 7.72 287.00
C1s3 1.36 2.86 289.00
Si 20.77 19.64 103.00

20 [00165] Confirmation of antibody immobilisation by flow cytometry
[00166] Success of antibody immobilisation is confirmed by enumerating the amount of
bacteria that did not stick to the glass slides as opposed to how many that did. Approximately
235.000 cells have been introduced to a series of cut slides onto which serially diluted
antibodies have been immobilised using the chemistries discussed above. Five concentrations of
25  antibodies are used: 4 mg/ml through to 0.0004 mg/ml. Functionalised slides without antibodies

are used as a blank and the stock culture applied to the slides is used as a control, see Figure 14.



conbined with a slight reduction on the atom c concentration of

surface silicone (20.77%to 19.64% increases the confidence that

the gl ass surface chem stry has been nodified 15 appropriately by the
functionalisation chenm stries. The sigpal increase of Nls (400 eV)

and the C's peak at (287 eV) suggest at the glass surface has been
coval er{0D167]i nike bhinkhseehe toPASactGhpre:00aGl] 37800 eclls, Ardnit ds believed that a

concentr at,i on rce a of . nitrogen ca bO I con eci

oo b i B BESS RS AR R gttt nf BAS Vil ol bR BRECAS Bouch as
APTS- GR0M%QTithe 6QRGRO0sAin Pide BiAeN 181 BH Qs HOSEhiABnt tg|ﬂ%@ﬂltes reigardless of
concentration % % (e N 1sl 0.25 0.79 400.00 C 1sl 18.49

285. 00 angbadppresenge7T emnmt q@rrissi3out, 136r1211®©3 28¢:abt asrnughi tR7expsc®d, 2

103..00 of body i.mmobhilisati op
oyt et S0 ReRRle P ALAGTRI! B R BRbon SiRer PR sk L] b poay
enuner afet BgproXienaddp A5H0.000 + 9Qa@é1wﬁea1ﬁeha)h tHé gllagmlds (989k). Thistib e GhrkTOntrast

slides as o ﬁplssed to how many that did. ?rom mately 235.000 cells
have bé@rhg dlidethat g2 appioxEgately @hipS ¢ @@sc%hsta@avhﬁdc@%érmﬁ flifference

di | ut edD tﬂggal! ﬁld&?‘f'semaﬁg théfﬁﬁg%s%%ltﬁ@%ﬁ%r dl%pﬁggdsénd tgé prlfsence of

di scussed abov |ve concen ons 0 'es are use

mg/ m tﬂmmpgchﬁt (buﬂinﬁg)()lzherﬂgﬁ‘fﬂ of ﬁhmhtdoﬂhiabe aédteskbd desthuitichduint of Shdes w1th
ant.i bodi e used s..a blank and the stock culture a plled to

ol i'les Fdacianlq The Sgall diferences gk haqtsrinl aflachment betvegn fgng/ mimed frh il may
seens tg Hh%FEh RIS TS oghis A t

a nunbse‘ggégf t hege gel ?’s are og;lg)H H n&?’lg%‘?’fngeﬁgﬂet%"?ﬁlg&‘@éSﬁgﬁgdjégé Orit
from t heaynvasteat umistheAeptunmh amceﬁ@atﬂemobf tdnabadied domartlee Iimaiobilisaﬁcbﬁ de not

renmoval or f attachnent e slides r €ess

ot body S aluie moph g0l fiPne s ChER PR £F Bheicas ould be used to
reveal Smpasvelthd Hﬁm@&h@ﬁ%ﬁﬁ(‘é@gﬂménﬁ aIRRIR 3L | gﬂ apiEfekdts H8deated MNuggest
as the antibody concentration decreases. 4 ng/ M of antibody see

approxithittes fpnotmagemgionghamisridssvarkeed thatithenrntibrdiey Aspsweki de (989 .
This i tar, 0 t he blank slide that saw approxi mately
67355 S[%g%ﬁ #%rﬁlzfﬁogg Mc‘} ‘%ngﬁ%y The difference between the two

sl i des [061690di saM weblrk thideisusRhtidreSarPimilhpartilcs, Fotéasnplks ©doRThd Qéots
presenceaé)f .non- speC|f|c bi nding. The latter of_ which could be

addr es 38 hezhasichie TRIOTSSES @ WM, Redigndsi bl SRHONTHEC gy interact
St L L O RGO 4y e
popdl athlwnexditatieh los firesadce @eryi little, as seen later. AFM is sensitive enough to image the
qdots, see Figure 15, and their interaction with bacteria, see Figure 15 (D), expand the image.
These images reveal that the antibodies conjugated to the gdots still have the ability to bind the
bacteria to the surface.
[00170] Epiflourescence Microscopy of glass slides
25 [00171] Two band pass filters are used, UV and Blue, and a simple contrast in their effects
has been revealed early on. Blue excitation of the cells alone did not excite them to fluoresce,
however, UV excitation did, see Figure 16. Figure 16 A, and C are images taken of cells
exposed to a blank slide, a slide with antibodies for the bacteria and a slide with antibodies
conjugated to Qdots respectively. Images 1A to 1C are slides exposed to blue excitation, 2A to
30  2C are slides exposed to UV excitation. On the slides exposed to blue excitation no cells can be
seen on the blank slide or the slide with immobilised antibodies, however, the slide with the
Qdots reveal the cells. In this case the cells fluoresce green in the presence of the Qdots. The

Qdots are the red fluorescing regions of the slide, 1C. Figure 16 2A shows no bacteria present,



may reveal that the optinmum concentration of antibodies for the

i mobi lisation is not necessarily the nost concentrate. Slightly

hi gher concentrations of bacteria could be used to inprove the

i mrobi | i sati on experinent, although n % to high. The results

presented do suggest 15 that the functd onalisation chenistries work
and t hagfossibly duetto Hedibeancalof antilsrdies. hﬂ@BﬁB}heNamaSiﬂ:guF@bmerM are okkadpyxposed
[00169] A abl.es t vj sual i, atl ry nall tlc for, ..
exanpl & s féﬂ@a@és Is e 6v eam %@hﬁeﬁﬁ@s HacraRpLise by thsseibadies
655m, dhﬁ%s% NEGh DUV S It Qs e J\rﬁﬁ{}ﬁt HRE3Eh ﬂu@io%ﬁofeh?he Teason for
bacterla the cells fluoresce green. The bacteria w thout Qots do not

f I uor egbis lignwath thgbibmotecales conttinohwithinf the baaterte m/mr;zculmtthe BNamand@ematic

and t hePho0 ARGl BHPTA ErdaReract €8 Sonr o B et fisud be

i mage. keyhes@ukiFRaLsts 'of IeAbeati Rakrid Sie baNilkd AeRS aCRRhMdad R lahe e Qdots.

gdots still have the ability to bind the bacteria to the surface.

[ 00170]TIE§)11‘PW®W£®@§ m@é r@dﬂ@@ decensiulogss gif dbe qdots deéhezfsca[nd@ywp apgernulating
band p f [e

Cher " arealhElioRiEnte fhlne BIBRE FE 10 oAk Rufioh BPHE Fjs s used in
cel | s Higie ldil Wit RMoe blﬁ)vfishﬂlm e E}w@rfﬁﬁﬁ@cenohommer}; cbl i€Xadépaidean of
did, see Figure 16. Figure 16 A, and C are i mages taken of cells
exp@sedntibo wnaw@%lpng@agss Baveckeenichpscarie skt %@greﬁ@ﬁnce RE theelle ps gpposed

and a t C

A to itb g%ar e shim%g% é%g%ggo(?g © %rﬁmb F%g lg% C%I%a%ﬁmﬁstp& %}[ g%ycené HRRRen
slides e&pmd&dtﬁe@hﬂ% ¢hecstidad hore.been whable:dsligatessl g xpgssting thablhed®ond between
eXC|tat on no.cells_can_be seen on, the blank slide or the slide with

i mobi IR aLbadies pedithecellnisAeiiere bek siide with the Qdots reveal the
cel I's. himbhi sac t I I e ¢ t

ot o, (20 it Ses OUF F08 et (B SR P El] e RERGRAG, 2hq "ot
Fi dar e coecaxadronk0.602 hd€ bevd Beeprassesud, ford Fuorpessicd ipdat bdud od HY excitation,

absenc i bodi es B af t sanme figure bacteria_a clear].

o monodels i e SR by e Pared € RS0 vt Sovadh anta’s Rafe HRlhbhest
cel | s anerdstemebidr sRdobYisdthe. UV iRewitR: pRRed dets faatvihdexblation for both
excitation reveals the cells without the use of a fluorophore. The

r eason fgFescenge sinflj taighiygeps of ﬁléoﬁiSQﬂlﬂﬁ‘P ebhifl assessawnhhafedingg permnreppaied with a
bacteri

enoun okt isRAERH R BY b AL BB O & b BMIRGTEE 05 of Py bty of
be28 ketibidies €dlenabies Cth)es bls;eﬂfatlblhl ef Heddicranl autcddaorebeenca lalsd)it raBoasksesahe
certalgétﬁ undanc of _the Qdots. This however, does not reduce the
usef ul $ ?“?%@- QAW hey can have an accunulatlng ef fect on
the fl g@ajﬁ%?en%l@fz Aefeséaﬁ&ﬁ %’E'S%hdé:é SHh %nﬁl%bu%&i sétia® aﬂmén 91* dritibb@Bs 9d a
antibodies is used in Figure 17. Using Qdots shows that e green

f 1 uor esidehwmceftratine 0R02eM | s |ndependent of 10 anti body

concentration. |nmages have been chosen to show fl uorescence of the

cell s as opposepyy Excitation

2mg/ml | 0.2 mgiml | 0.02mg/ml | 0.002mg/ml
Fluorescence 3.8 3.6 3.4 3.6
Brightness 3.2 3.6 3.6 3.4
Immobilisation 5 5 5 5
Blue
Excitation 2mg/ml | 0.2mg/ml | 0.02mg/ml | 0.002mg/ml
Fluorescence 1.4 1.6 1.6 1.4
Brightness 16 1.6 1.4 1.5
Immeobilisation 5 5 5 5




to the inmmobilising effects of the antibodies. It is also worth

noting that after the cells have been exposed to the slides, the
slides have been washed vigorously, suggesting that the bond between
the anti bodies and the cells is a strong bond. [00172] A series of

five slides with the usual serially di futed anti bodies and a Qdot 15
concent0ali4in @pifludiosteitdwmicrosropn ofibsesrie dnfgliss beady escence under

bl ue a tatio Table 2. The a se srrent h s been based a
scor e P@PW@ bt EeRH LR e TBICEsFoRy ¥ I foutse dascimpebigped cels
| obi | 4 5@eitRAds e BRicAHITPN REHBY, QfétFl retIQaHoWey& £E56HutiBh 1o el ﬁ’éld of
both fluorescence and brightness of fluofrescence. Thé assessnent has
si nce bédew preygeaeeudifficult. hisrean Ibedppmplatwdémalq@klbg abtheemegesi arakigore, 18. The

this is_believed to be due new bat c

ant PhodTBee v Brateat 4 EbBaifa R8s AP DAR & 18 6eid s not resolved, an
aut o- f | ¢fkesOBE BEadaAkltire HEWe % Cthé ﬁﬁagea Qo skt thak e RREBREEDE Anmobilised.
fluoresce. [00173] Table 2: Assessment” of 5 slides with i nmobilised
serial Wipluts algo cqw@m b diedwpangora impggante oh dleait they icem te. geR. M Wuld be

Exci t at / / 02ny/l.nl 0. 002 |

56 5 hadellPll B FolGhTou Lyl RLL iR Ho s FYHE S G

EXCI tatgoma?ew’géﬂﬁc Qired. ng/ m 0.02ng/mM 0.002ng/ m  Fl uorescence 1.4
htness 6 1.6 1.4 1.5 Inmmobilisation 55 5 5 43

[odi)74][0ﬁb?6r]| u§¢le§%‘éwc@switwfow@@§lydnncbagt eria on glass beads [00175]

Usi

o 1PooH Toer 1S ey {866 SRE0BHshd adARRE 0 00 Bieb s EfedBgnts, suh

Fi gur e ak8midroavemesms rie sml uﬁpartanofprcbmyf bﬁltl@b devicy i velviclp rio vdesnonstited 1n the
diffi cgﬁ This cape %Sﬁ%f? reci at ed b king at the images on Fig
e

18. TheO5°ViRgfaamy codogeiTy AR E%’"n el varedtob i Bearehglass sides
peri metigk wefn FdpRatkl ebilgiad aﬂf%}na'féa&%rl‘fl%@ s rzcﬁzfaf &L 13 g Da ed1es used to

curvature. However, thé | mges ow that the bacteria can
i midbi IHindd., colilia hiee mtémelevngime@wd)ipétmapgenmfwndrmpoEf tcalitCN i18. Indeed,

that t t h h d t .
oveal O 1572 P CHliRniel, SRS SRS e B Blafy Sy ataveqipep Ly reduced in
Eof émr@mﬁgbrﬁ@qhmmd}e KD, FORtd69. Sel ectivity results of antibody

i ndi ng



[00177] The ability of the imobilised antibodies to selectively
attach to contam nants, such as mcroorgani sns i s an inportant
property of the device which is denonstrated in the follow ng
exanple. The flow cytonmetry analysis for cells washed off the
prepared gl ass slides has been repeat#t using an alternate strain of
Escherichia coli, CN13. The anti bodies used to 15 bind E. coli K12
have not been engineered to bind to antigens found on E. coli CN 13.
| ndeed, the levels of CN13 that att@Echpdsto the prepared gl ass

sl ides have been vastly reduced in conparison to that of the K12,
Figure 19. 44 CLAIM5S 1. A continuous flow device suitable for

det ecting %%R{mﬁo%g‘)ﬁib&}gd& tsm'ta%?étfof’”c?ex ﬁng Ly Pe%{&%wﬁg & 4 Wk one
stream ‘conprisin e4st o one cartTa ereln

ci r dunf er erbhtahinsat in wﬁqlﬁﬁstﬁeaﬁﬁhbmpﬁgﬁgcorrprl ses at |east one first
inlet and at least one first outlet for sajd liquid stream and

further c@hprpllsastgpe P@Mgec}ﬁ@r%alilea@r%lmfpﬁeﬁlﬁémﬂ Mesard %mg@ GomAgses at
at |east one radualiOf ﬁl&f Hag HRL! on@%%ﬂ Bitict WSl ’11 G bhid A Bher
further conprises optica transparent 0 support mate r|a erein

sai d opti cal | ycaimpuisepaat eleast sup padittion tesidcat weﬂ;l p@mbﬂobnldnats]am one radiation

cartridge such that a ui d s ream can p ween voi ds . forned
wi thin and/ or Btgﬂef@gtgdweiLP? My erﬁméﬁ@pc&rfs %@sb?qmmspépma y transparent

whepei n said og%;gﬁhﬁﬁmkﬂansparent support naterial conprises
nol ecul es for f capturing said at |east one contam nant, wherein

sai d capture nwhercul md aptcallyrtinsparad dupport hnatesat isapaeked irs seiidi csutqixtgarstuch ,
mat eri al ; whergj ach, of said capture nol | es fur s at
et one 1 orofebe TR Breaff s PRE bHeel SR dp St i s o1l Spy Rty

at | east one C@gﬁ@ﬁbﬁﬂﬂﬁmoﬁgﬁ@%mﬁt | east one radiation source for
emtting a radiation beamfor_ excitation of said reporter grou

at | east one dé@é@ubrsafdompaéalbttttaﬁgpagmtdsmpgﬁannaé@ﬁaﬂt@anmsemnaf)eaules for
| eggt one repo ice of claim1l1, wherein said
61? ri dge and éggﬁ%mé{é? &’%{Ilea%?m?e co-ﬁpa?nﬂ%{

car on source are hovable with respect to each
other. 3. The dawreie saidcaiptlire)gndleciddty aef inirhebilizeic edithe satfaéarsf said support
wherein the position of said radiation incident wall portion and

sai d radi ati on'& ing wall portion are congruent.

wherein each of said capture molecules further comprises at least one reporter group

which emits a signal upon binding of said at least one contaminant; |

20 b) at least one radiation source for emitting a radiation beam for excitation of said
reporter group; |

¢) at least one detector for detecting said signal emitted by said at least one reporter

group.

25 2.  The device of claim 1, wherein said cartridge and said radiation source are movable with

respect to each other.

3. The device according to any of the preceding claims, wherein the position of said radiation
incident wall portion and said radiation emerging wall portion are congruent.
30 |
4.  The device according to any of the preceding claims, wherein the position of séid radiation
emerging wall portion being opposite to the position of said radiation incident wall

portion.



30 4. The device according to any of the preceding clains, wherein

the position of said radiation energing wall portion being opposite
to the position of said radiation incident wall portion. 45 5. The
device according to any of the precedipg clains, wherein said
optically transparent support material is conposed of beads. 6. The
devi ce aiccdidi degiceaccdrding o, anwherthe prevadidg lotads, @hecidedakbstitaflly enmigaeent
group 5 consisting.of silica, Lass or polymer beads. 7. The device
accor di ng tYPRATLMATEalGS C@‘PPW'?QPE ##d8ai d beads have a di ameter between
about 1 mmto about 1 m 10 8. The device according to any of clains
1to 7, wherein said liquid streamis free of particles which can

det eri of.at e'hehdewisec pccardiog toadiat i Hnwherdihosaid dhadds iagnakleeril tfred the group
said at |east . one _reporter group. 9. The device according to any of

t he pr ecedicﬁﬁs%fnzgi%&%%é*?séioﬂpglﬁﬁﬁrg?a‘dﬁeast one reporter 15 group
emts a fluorescence or phosphorescence signal after excitation. 10.
The devi ce according to any of the preceding clains, wherein said at

| east ohe rldgaieviee acagrding ta daigef oc b edhdreinrsatdteads bave acbamétst batgear about 1
guant um dot s sphorescence group, fluorophore groups, conpl exes
conprisingngPtgggrﬁgp%phore group and a fluorescence- 20 quenching
group and m xtures thereof. 11. The device according to any of the

precedi ng clains, wherein in addition or instead of said at |east
one O epbr t dhegevigpaccosting idanyey staims 1de duphersingeidiquidsfraan isfree of particles
| ocated in_g..m j : ted_|§,sel f of I. o )
and i o sel Sl BEARRIAH Lo o SR G g SRR B G flcas
nucl ei ¢ aciods repdttsiugrptyp.de bonds and enzymatic co- factors. 12. The '
devi ce according to any of the preceding clains, wherein said capture
nol ecul es are selected fromthe group of antibodies, fragnents of

anti bodj es 162RRDIE a@éor?fﬁgqg E\S}P/%f 80 gféagdiﬂ%ic%ﬂg; whit fﬁr%fds atPfafkt Jine reporter

m xtures thereof. 13. ce acctording to any of the preceding -
cl dibms, wheraiprensti aflwoescamdervaphoiphometaact signalfafienetditetigr.oup
consisting of virus, bacteria, cyanobacteria, helmnths, protozoa,
spores, inorganic nolecules, organic nolecules and m xtures thereof.

46 14.10Thghdenize 286dz8indi tb GinYy Orch@bfbcddng MBHE! Wh&BintsafPM BRIt AR trepctter
at | east one bacteria o
group is selected from the group consisting of quantum dots, phosphorescence group,
fluorophore groups, complexes comprising of a fluorophore group and a fluorescence-

20 quenching group and mixtures thereof.

11. The device according to any of the preceding claims, wherein in addition or instead of said

at least one reporter group a second reporter'grbup is comprised which is located in a
microorganism to be detected itself (autofluorescence) and is selected from the group

25 consisting of aromatic amino acids, nucleic acids, disulphide bonds and enzymatic co-

factors.

12. The device according to any of the preceding claims, wherein said capture molecules are
selected from the group of antibodies, fragments of antibodies capable of binding a

30 contaminant, aptamers and mixtures thereof.

13. The device according to any of the preceding claims, wherein said contaminant is selected
from the group consisting of virus, bacteria, cyanobacteria, helminths, protozoa, spores,

inorganic molecules, organic molecules and mixtures thereof.



species. 5 15. The device according to any of the preceding clains,
wherein said liquid streamis a processed water stream 16. The

devi ce according to claim 15, wherein said processed water streamis
sel ected from the group consisting of jpastewater, water fromthe
bal | ast tank of ships, sea water, river 10 water, brackwater and
drinking water. 17. The device according to any of the preceding
clains, wherein in addifion to said at |east_ one capturing nolecule
enzymestdar M5otRVEES: PQEIRE &RcfaiBel3.18hargin said cqpipdRans dg gt gwb ofig bapfgria
of the pregggﬁag claims, wherein the dianmeter of the excitation
radiation iS wdened by a lens. 19. The device according to any of

the preceding clainms, wherein the radiation source is a |aser or a
phot_odi gde. .20, 20. A continuous flow nmethod suitable for detecting .
andPor PendVirilfVie ACoTEEsto ke © PR CA PO ermnq%ﬁlfg?@tlwea?ﬁam is a
using a deyi§RsREGRHGisREah0 any one of clainms 1 to 19, wherein said
nmet hod conprises directing a liquid stream al ong or through said
device. 25 21. The nethod according to claim?20, wherein said
tenperature.and/or said. pH of .sajd l.iquid. .stream,s adjusted t '
b 6t ed R g h ap o do Aol sietbts St Fracsa o PeTeans spfpgred from
net hod accefiglbiddp teBnidtRighdfaPastiwater; walte Hidh i alladti ik 8f %é%s?@éﬁ hakr, diver
flow rate beftween about 100 mi/mn to about 2 I/mn. 30 23. The

metlRod accavaiiryackovaienanddriskimemet@0 to 22, wherein said device is

| ocated off the main pipe in which the liquid streamflows. 47 24,
Use of a device according to any of clains 1 to 19 or a nethod
accordilvg thearyicofac&rdingBo 20y bo thd3prbeddinpndlhif, ddbRet ilgldnsh @I said at least
removi ng of contaminants froma liquid stream 5 25. The use

accor di ng ©°8¢ e3iptinmoleg e carEnesArAbPUngUp gaid svdee i s a processed

wat er stream 26. The use according to claim?24 or 25, wherein said
contam nant is selected fromthe group consisting of virus,

badterild, dhanddvaet ecdosdinged nanyt b8 the podcoding, clsipnlr esharéinrijandiemeter of the
nol ecul es, or. nic(PDIecuI%§ qgg m xtures thereof. 10 27. The use

accor di ng F%g§ﬁ9n8?1§F§Pﬁ¥1 A4 BY 36DSyherein said contamnant is a
coliform bacteria. ‘

19. The device according to any of the preceding claims, wherein the radiation source is a
laser or a photodiode.
20
20. A continuous flow method suitable for detecting and/or removing of at least one
contaminant from a liquid stream using a device according to any one of claims 1 to 19,

wherein said method comprises directing a liquid stream along or through said device.

25  21. The method according to claim 20, wherein said temperature and/or said pH of said liquid

stream is adjusted to allow detection and/or removal by said capture molecules.

22. The method according to claim 20 or 21, wherein said liquid stream has a flow rate
between about 100 ml/min to about 2 1/min.
30
23. The method according to any of claims 20 to 22, wherein said device is located off the

main pipe in which the liquid stream flows.



28. The use according to claim 27, wherein said coliformis selected
fromthe group consisting 15 of Escherichia coli, Enterococcus

faecalis and m xtures thereof. 29. A cartridge adapted to be used in

a continuous flow device suitable for tecting and/ or renoving of

at | east one contamnant in a liquid stream wherein said cartridge
conprises: a circunferential wall having at |east one first inlet

and at | east one first outlet for said 20 liquid stream and at | east
one radiat il of adledienpoageding poartyi efielaimd 140 [Peastmeshed accarfiing focmy of claims

ener gi ng I .tion: er.ei n id cartridge, further conprises

opt1 cal Uy 20 un 2R effing ASh e R et ihE Bt G O i oo,
transparent support nmaterial is packed in said cartridge such that a
l'iquid stream can pass between voids forned within and/or by said

opt iPcalddy Ths upe aeeepsanintclaimyido Mherei wid Bauid wireaneisp praceisesipvitendttepm.
transparent support material conprises nolecules for capturing at

| east one contam nant, wherein said capture nolecules are i mobilized

on t he 2ur fThe as®iccoaditly fuElpiaT 24 BRL S WiR¢in syt ofiathitme i Riectd fbm the group
capture nol ecul es further conprises at |east one reporter group .30
whi ch eni t $OB1EIngn &l Yipsn Backdirn Fyarobaglica.ghelmuads, dielogemt srehaimorganic

molecules, organic molecules and mixtures thereof.
10
27. The use according to any of claims 24 to 26, wherein said contaminant is a coliform

bacteria.

28. The use according to claim 27, wherein said coliform is selected from the group consisting

15 of Escherichia coli, Enterococcus faecalis and mixtures thereof.

29. A cartridge adapted to be used in a continuous flow device suitable for detecting and/or
removing of at least one contaminant in a liquid stream, wherein said cartridge comprises:
a circumferential wall having at least one first inlet and at least one first outlet for said
20 liquid stream and at least one radiation incident wall portion and at least one
radiation emerging wall portion;
wherein said cartridge further comprises optically transparent support material;
wherein said optically transparent support material is packed in said cartridge such that a
liquid stream can pass between voids formed within and/or by said optically
25 transparent support material;
wherein said optically transparent support material comprises molecules for capturing at
least one contaminant,
wherein said captufe molecules are immobilized on the surface of said support material;
wherein each of said capture molecules further comprises at least one reporter group

30 which emits a signal upon binding of said at least one contaminant.



