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; e3eRNNOSPMQ* DR6zRTRgv 1 MEASUREMENT AND USE OF MOLECULAR

| NTERACTI ONS Field of the Inventi Sl tion relates to methogs jfjior2003
measuring nol ecul ar interactions m@ﬂ@ ym’lmw@{gar ating, sorting an& sizing
particles. In particular, this inv es to neasurenent of the

affinity between di fferent bindi ng pai'®H€rs, e.g. in an antibody antigen
I nteraction. Bac g round to the Invention Specific nolecul ar recognl tionis

a fundanment al %Y bei ng t he enzyme-| i garﬁF" L% ons,
ant i body- anti gen I nt er actions anc‘mﬂmmﬂ(m‘ m ml of nol ecules to receptors.
Mol ecul ar recognition is achieved t n -coval ent interactions such as
el ectrostatic interactignp, _..,- n.m S0 R ‘ u_ nt.eractions.
Ther nodynani ¢ nmeasur enef P Ao Hg—CoRStarts ¢ Feeenerygy, ent hal py
and entropy changes offer II’ISI ght into the rml ecuI ar basis of recognition,
particularly V\/ne é Eﬁigg%@&‘m th information from X-ray diffraction and)
when possi bl e) si tagenesis. Direct neasurenent of the force
of interaction has beEWSWﬁﬁﬁb'bsﬂ'aé&sdmmPéfrfeemasHﬁ“lﬁ’Eﬂ%W'“{M“%ﬂqﬁﬂﬂ | as
fsur face f(r)]r Ces aﬁmpﬁm stifihg @nd\isidngSpartiglesd| & particurrs this ngeclmaﬁdermt e
orces, the techni van Soent
can be made at a'?? toggle a%"i}fgfwgéﬁgge}ﬁn@s'%@a nng‘\;/}?d‘z %qbl 0

interactions (Fl anﬁoensmteramonS,denoe 1995; 284:415), DNA hybri di sat i on

(Boland et al, P 5,,,,92,“,5 ), antibody-antigen interactions (Damrer
t al, 8ioph . dh t t al
Sci ence, 1005, 267 117S7SONEIGEURY togSiisn .t BemE SOICas BR3 M BARR & o

their relative afEhzmet-liaaediﬁlemahﬂ@dﬁd&lopsmwmﬂsGﬂétbsghﬂlsedfmmmswe

Fo egagpl e, in ﬁe;td ttiﬁﬁt dea.tt REEGARIBY is idfaevs&mmaemaowm |§t8ﬁ%iti&kfed are
passed down a column that contains eci nent o

i nterest binds prEfFLPEAEFESEAYC Hﬁﬂ‘?‘f’?dﬁ‘@"{ﬂ IW%DQ?CP&”F %Pﬁ? ned on
t he col um whi | emmymgncmmmammmmmmwmn entiaipyianti may

be eluted of f thenegly'dhah Iafﬁer‘n@ibﬁiﬁnt@ﬁ\@%lec@la&aﬁ?m&&bhﬂéh b&GEIMHyWHeRS arse
an i nportant %art of man resear ch experi nents. cgcreaSI ng the sensitivity

or selectivit of°°'t‘9'ﬁ?s InfaTRRtenJEom X-gy difragtion, and, when RosgiRie pitefirected 1,
Phys., 1898; 84( Mutdéesisl O, di scl oses surface cl eaning and adhesi on studies

colnduct ed ;JSIt ng Iasteroﬂﬂ\ﬁzo ﬁzasyeﬂ».aw%q&ca&wt : &L&fannbummﬁbsyauh&e&c@ere at
a lowrepetition rate and constant ener rocedure
was conduct ed |n"!7§'€ﬁfﬂéﬁ(’\5mi‘fl’f€géfdf“e"? °W8Pp§%¥'f‘§bp§"‘?”%5rﬁ?§ QF

expl oi tation. Anmepsuringlbond oipbse fopes.the tecbridue msdhe digedvaivage thaboaly ond

i fer ent oo - (RaRraRin BRTEN Al 43 e ToaalL A e S e LRl ot o
i i Z - | y
sensor for 5 det &YePHPAYS gﬂ‘é’*@ %‘Pﬁn%ﬂ%%ﬁ?@tﬁgﬁ%ﬁd@ﬁ‘fﬂgg{’ﬂdmﬂr ates.
Kurosawa st al, €NaS) 1985a82r629) lantibddyIDtigedd(teactions 1Da&diner efow Biophysi hg such

a sensor for the gﬁ,kmg Eii(nch ]
A-981 40739 al gg&éﬁgi ose'gfagﬁ%&k sens’%‘?ﬂnig'fr'\'c ﬂ&luro\ﬁu”g‘:?tbgag% 1ﬂﬁch

!ﬁem fic binding entifepamtog piologicalnolpcuias orythe basis of tive: ffinities far
presence of zmel | fgands ia aiweil redgnistdeechnigas) SFoi exaniple, insaffihith ghromatograpliy thie0 a

change in resona W%egg¥?&;1t§6§£% : eldv&j“;na‘g?om,ﬁﬁ tHat Cortblhs a%&&

possi bl e, nmost viruses are de re o ecinen in ce

since this netholipand. Tercempeneat ofinterest %MWHGM?@“CW?%PWM i on of
viral DNA olr RNgvs:crataﬁbdh Bh @ cohAmPWRIR mmﬂewﬁwnemggmlod’wa&mpem fic
primers tailored for the vi i ntere i nvol ves an

anpl i fication 15818y ¥P8§&'H°8§ﬁtm %r? 'T‘ Eggr%‘aj or problemand it is
difficult taoestabli saopammmaqmmmmmmmmmmmsmmwmmr hods

I ncl ude el ect ron,n@eggmﬁﬁ%m i)0r Béle iHoBe Bchique gm@swﬁw met hods based
on antigen detection wt

enz -1 nked anti bodi t hods _are often
rel atively insensiti \F@%ﬂ‘”‘iéﬂc’é ! éﬂ% pPhysy. e1|9a$- Q/‘@ﬁf S‘Z d‘%ﬁf FUface of the

viral particles.cleaning and adhesion studies conducted using laser-generated surface acoustic
pulses. The pulses were at a low repetition rate (20 Hz) and constant energy. The




2 0 Summary of the Invention The present invention is based on the

real i sation that the bonds between a target nolecule, or a target ggl u&ﬁz
attached to a particles, and a surface, can be nrptured by mecharf IJm- 03
oscillating the surface at increasing anplitude) |eading to detachnent of
the target nolecule or particle fromthe surtace. The required 2 5

accel eration,_and hence force) wll depend on a variety of factors

i ncl udi ng t he WAVt ¢t he nol ecul e or particle, the nat ur ePFCBNO8INd t o
the surtace and the geonetric shape w si z? of the target nolecule or
particle. The present invention may therefore be used to separate or to

Si fze d![ ffer en: ﬁraéé]ﬁf t hie way @ﬁﬁ‘;ﬁﬁd inWagﬁ@n,%BM?fbﬁgg Poﬂtﬁﬁﬁ@%i@mﬁﬁﬂs igling to
a first aspect 0 e present  invention) a or_separat i a
target analyte ?WH??"CWSEWT" pscoRsYy ‘.‘E&ﬁ%@%‘!‘gwﬂgﬁwﬁfﬁu ng

t he conposi ti ont wag it possibtalfordistipguishrimtwéenrpatticles afdiffererd sizehe bi ndi ng part ner
bei ng i mmobi | i sed ORy@.A54H/4eHa2; distites the use Gof 'ﬁ)pigzcb‘é'e tgtd&%ltﬁﬁs&uﬂ'ace at

i ncreasing anplitude) to selectively renpve the analyte, ‘or other
conponents &f tdpterminiRalRg forpptionidissomatinn okgiathratedydmates o Huosawme! &, (hepk esent

i nvent : on may hﬁwdﬂﬁﬁhﬂl 1M9S0; IFB{SROTI7¢2D; régpheumg"&matsb@so%fd?ruas;moﬁwsi ze gf
particles, or the j et \ . Accordi to_a secon
aspect of the iawgﬁ?ﬁtgﬁ?}%ﬁ%ggﬁ'&gﬂ%%‘ %ﬁ%@ﬁ%@ d@f'gf)esssga'?“&?ﬁ?racti ng
t he bi ndi ng paringiding a ginte ®n which: Bpdcifici binding entiies] atenimmabilised, cfor uge iin
oscillating thandiskith@he présehde dsCaBiNG mabiiinl tTHEKR: seAddrs arb ubdd By mélLfng | Ny a
di ssoci at i gp event. Iig rgshlngmsqugann agpects& ttvh i nvention may be applied to
a(\t’/ariety phy 8%:? an @;gggn a célgn rapiag gﬁg fromrelatively weak

i nteractions such a#t Riage rsoRessiblen moslyviruses are\detastad by guiture apther at us
E@Ji é abl e fo: U%@_eéiﬁ\elg Pﬁqdﬂiﬁb‘&%ﬁ&hi& Hié%&h@f.brﬁ?@ﬁdh%ﬁéhl l?nf&ﬁsaﬂ?gh@{k?g 15 ?ne
i ndi ng partner, i mmobi/is e n; neans for oscillatin urtace a

i ncreasi ng anpl9%qRY °Ha"ﬂa'%ﬁ%&§’gfd ﬂ'@\’%@f\“ﬁ'ﬁs sanjpe adiaved ﬁﬂ?ﬂ Eggrﬂ".d I'n
particul ar, thepegfranmersdaiined fetsheyifusof interest SinceiPCR inwives at ampifigatiope ( ATD) ,
o7 Tany B orgel ook bbksBloon I ajeh Blovain Sid i GUNIR & SusBlalTund U1 o
appl yi ng an al (ARG "f%#fol%é@%& W&H&F\%%&M‘é@éwewﬂ@ap

devi ces conpar etbctron aicrosFonyaati methodsbased oh ghiges dietestiont wity enzpverlinkede of

usi ng such appanh@iddies) ThebémbthbdsardGiepréihtvel insERNNEarinBndd rOd A1 retativel

si nul t aneousl y,?gi Vi rﬁgﬁ rei tvg_ﬂdet echabl eego;nd an?:l sharp Jggigsea pgéks at
specific accel &9 54 °(‘3E§\°i P\%‘F‘fﬁge to the ATD). Another advantage is
that the ATD cHumimaryofdhd iInventionsensiti ve ni crophone, to detect the acoustic
em ssion when the 2y slosehPinbveiton s N80 bn BleGediSatioh thafBalboRis Betwbén
experinments using.an Aélj%, cha%gfso'i n th%%zonaan%re enc or&gnhée have
been neasur ed mojpguiaTS 9 @rggt nolapide,p i i V- Yo (gl st, the
present i nvent iupturechinoinechanicaltyrasciliating therwurface atiinecpasiog mgiudendbadiogde t he
aifpki tude of Ogedabnnt OF R tarfdt Mdibiuie3oPpariide RHMSAE lsuitabe NThe Rediited

. v

w despread_applications for separatjon, sorting and sSi zi The Exanpl es

Show L hat) 25 " apselerason.an BonchThron A sepans 1A ey offarirn ndiing B B | orm

normal | atex spftbe eviecde ogpartici e nature af i bondip |t edacuaridibe geometrid t h a

dri Vi ng vol t 30 en R e aebt e aii mdisthu@ s Harkcte. s pheteFifyehitniiiay iliERR> anc
tavi di n- I

renmoved fromthe surtace) leaving only the str | a ed spheres
attached to thBe gi?Ft‘%ﬁ?@‘Wt’%é‘z different arget mo s, or to detect their presence.

According to a first aspect of the present invention, a method for separating
30 a target analyte from a composition, comprises the steps of:
0] contacting the composition with a binding partner for the analyte, the
binding partner being immobilised on a surface; and



stronger streptavidin-biotin bond). This opens up a new form of separation
sci ence based on variable force applied for a certain length of tine, ‘%0@
application, for instance, in particle-sizing and sorting, cell JZsarﬂUbg,
panni ng for phage as weH as the design of new bi osensors. Such a separation
method is of |ow cost and can easily be 5 nultiplexed and aut omated. For
instance, it mo@ams?Ible to deposit different targets at drPECT/GBWISST
positions on the same m crobal ance and screen a library of |igands agai nst
mul tiple targets sinultaneously. Detectiold and analysis of viral particles,
which are of fixed s|ze, is another ea of application. al |
inportantly, this irfentioff ?mﬁ%ﬂ‘%‘: %‘\M“eég'ﬁ%f'!‘ﬁ?'é}é’ﬁﬂagg‘g‘%'ﬁ{ﬂ"éﬂvﬁy
guantitative tool, to probthetdmalyfepror @ther womporedtsi of the compobsition| from the
recogni tion. Descrinti~n of,fag Invention Trie present invention nmakes use
of sensor apparatus that can be nmade to oscillate. The sensor can be nmade
to oscillate in a nUfBeditias;thepresent ventionnay heused in 3etbod fordetermininge ¢ wave
de\r/ri) ces) ]Eleasonaprlaeer?waf siZe SfipsAiciaL, crathe EmAity mmabirﬁinabaumd_&ag?hg?ad thin
menbrane fl exura te devi . | itable for use
in the inventi o?l,seééf' g’%’ilecaé‘ls?fa ﬁe@vﬁ"m)ég%néré?{@?g%@%ﬁﬁég .smiya'téscri ption of
sensors that may be (dsed i¢pntagtingsihe bindinginattaess.iopa of whigh jstimmebilisadeneoust i ¢
Wave Sensor:, Ballantine edufate;, (199 Academi c Press. The sensor is
preferably a surface_,acoustic wave device,. or [ roferably, 2 o a
quartz crystal ni crg'BaI anc%sc'?w/p .""”?ﬁ"e"diﬁv?‘.‘?“”t%{}‘g%“@%ﬁ- Fﬁda di sc of
crystallinaoquartz Wi h godetectihgedissatiaomavenhe t op and tower surtaces. It
;Jhm%er Igoets ads hea&l ngnm&tvshéAnafasmmmeaﬁbrﬁmfﬁ@?aﬂkaﬁ:fa}mh?@e@mﬁcﬁm i eflht 0

e el ectrodes, . due to the converse piezo-electri.c effec ncr Qasi ng e
vol tage i ncr easBeMREPANR PIYNGSH NH@ ?%Yl”ﬁ?'i 'Bﬁ'ﬂ’f'}""f‘rfé‘ yJZ"%‘"?’HB"’tquar tz
crystal is al sotheougketesiovalers bomdst ophone and can be used to dated acoustic
em ssi on due to the ApbRatds SR Kr usd ih theDrédsBRtivemtinlc¥m@SRes & Surlale RiVidg ©

osdUations at a freguency cor.respondi t 0 one or lesonance froguency,
and det ect i*Ag a?fl?ug‘g#'eué’ i'ﬁ'ﬂmﬁ@%ﬂ‘ F‘%"gﬁd’ﬁg’?‘%&’é_‘"“ﬁ'“ e SYIAR &) the
C>!I CM i s dri verineeasingampitudeiand seanetpn deteging ardisseditionevantt i c emi ssion is
detected at its thi f5pdafRlaRiNeGppstatis May confpRsdinapisic Rinslcerivica{A1®), t he

tenp "anal yte" nay be used to. describ e bindin [tner ,or conponent
that i o cont actb s gveal BiereRaanoa s or Srron sporblt WaS ptice! oFBM ow ng
contact) the arpiézpelecticmatedal which carmbe madestorosdiiate, ek bicanplyingiantaeragiigon and
subj ected b9 ACKRA G Magietie Reld.TRNEE a dheap Gevices Eonifakdato BVAEN Snddilbét €.

5 As the anplitude, of ~oscil I%Svl on i ncreases, and af a . parti c.g'lozg?@ﬂreshol d
force, bond rugPyifelexge. Anotheradvaplage of ysing s ﬂ"ﬁ'r‘fé’ﬁ'é&ﬁmcf" %t hus
free to roll orane brokensinultapeouslycgiimprisgite detastabiesound and ehaguwigeiresionati ty t hat
is capabl e of hgbhgt dc@bigralicid (Bpbibd'Portags &Pihe WTD).2ARGhG Gl aHtageld Mafhbi ON. The

anal yte may be rotein, antibody, 5 antigepn, epzyne).enzype {nhibitor or
p6l ynucl eot i de A %Wéaﬁﬂgfg'ﬁm °'é°'ﬁ’é{;&&ﬂbéﬁgf‘%'ﬁ‘g‘g?ﬂg’he%g‘ea

bact eri um 25¢l |dissociation evest oaursor  phage. Further exanples of particles that
are particularly sujpfnigdiof lg’étﬁeﬁrﬁb (RirngaR AT chhAbes WthdasdriahtifdGuency

m cr ospher es of an$/F mat er1 a e.ug. Si |ca%~l gold Qr latex) or |arge

macr onol ecul es % fedseRave beenmeasured wheyy the, ALD;is figven at conpiast yaltags- 48 ¢ ner
may be of the songast, Hepresantdnventioniuoives inchasingthe ddvngiioliage/andmencedhwendi ng
on the appropri i hcal bond. The dissociation of smaller
anal ytes is pr 8&%@5‘3@8‘6’?@%5@b0um c em ssion. Larger particles may
al so be de3®cted byThanreseatinveptiondias widgsprasdanplications forispparaion;softing apd pect of
thfe i n?/en:i on, s&ﬂ?.%@xﬂ?ﬂ&&hﬁﬁﬁdﬁﬁi@ﬂkpﬁﬂd@nm: Jﬁﬁbrﬂgcém_ i sé;ﬁrit&g get -
nol ecul e to a sensor ace via. an eraction a_ bi ndi artner. e
surface may thzﬂmﬂmgfﬁ“ﬁ?’éﬁ“f@“&ié%ﬁﬁ?h@ \‘\Aedf:’ﬁ'r'%%"ﬁ"f‘ﬁgd ace, of

t he sensor. Oseoltagenbave 0itsV butibelowd® \bLTheomal iatek spheressnecemoved frampive t ude and
therefore acce il%%n | rget

nol ecul e from tk ﬁga%é'ur a gﬁgg‘?&%‘%ﬁlﬂﬁfﬂfﬁg’?’%{ﬁ%ﬂﬁf g‘gg‘;‘{'?atcﬁtelﬁiﬁn%osi tion
fromthe surface, leaving the target 2 0 nolecule bound to the surtace. in
a preferred enbodi nent, the sensor s~afaoe is oscillated by using a

pi ezoel ectric acoustic wave device, e.g. a QCM The sane piezoelectric
device may be used as a m crophone to detect acoustic noise produced by a
rupture event. The, separation technique rmay be applied to select for

nol ecul es that interact 2 5 strongly with a particular binding partner. for
exanpl e, the technique may be applied to select cells with particular
receptor nol ecul es expressed at the cell surface, or to select for
antibodies with strong affinity for a particular ligand. D fferent |igands
may be | ocalised at different positions on the surfaca by, for exanple,

o - o [



sinmul taneously. In particular) the invention can be used with chips having
different materials such as receptors i mmobilised thereon. Mre generally,
the chips can display materials that allow testing for di ffere?t3 JUL 2003

i nfections, pathogens, priors) food allergens, viruses, bacterTa etc, e.g

in human and animal clinical testing, and for 6 hygi ene nonitoring |n
food and water. Further, the invention can be used for I|ibr I eeni ng,
phage di spl ay WO second aspect of the present |nvent7(§rhé'{?°§ &shet hod
for determ ning the presence or size of particles, or the affinity levels
bet ween nol ecul es. Preferably, one 5 nolecule is imobilised to a sensor
sur face and th&treﬁdb‘elstrépﬁa\iudlmbﬁd baheyl This dpepsup b dlew form df separationsolepber e. The

particleisth h I Slidgt n of

i nterest. The n&{ 'gng'lml%éee a%plﬁ%q@gaa%&e&f’hgﬁ oscﬁ'ﬁ'!fjav?{hd;’%g} applfl?'?ng a
vol t age to t he instancesin pmdﬂemamsqr@mc@fsowamqnamtmphm@awgs thehe force
reaches a critidegign ume%.a&em fsa:aﬁla séaambﬁnemaurs%rwcaﬁthhamg@ﬁyma

ho. mot i on b - HibRe B Baoge i Bissges fipPestge b dnpanl dfereyrbag ol © 7"
m cr oscope. Thdaf&impwumhenmegnmbnﬂwiamemsmnmjmmyofdhammabhES bound
to the sensor t{,l:y Srge@é aﬁéo\asuy t]fglet&ﬁiﬁn Mr{aﬁs|9§?\§'aﬂﬁnﬂﬁ§w é?.eaf#eb@' o In

Exanple 1, with sI sor be mcros eres, noise Is detected at O.
dependent on tﬂé"%ﬁ%"(ﬂ“qhﬁ(e"m E’r’B hoatian. Equallyimpgriantly, s nyention %‘Q?Pst he 15
m cr ospheres araa-.eebsenﬂwd dnd duanﬁbnychmgmalvd tedl Cltapprotsp thedyrces inslalved ine

m croscope 0 W @"Fﬁde of noi se generated versus anplitude (or
appl i ed vof?age , . Whi C be referred to as a rupture force spectrum
The point at wilesgiptionofitbglavention yres wi || be apparent fromthe plot, as
there will be a nmmms&mﬁh&b&ﬁa&a udeltf sensdr iapparatuthatcam mtmudutoh bond

rupture occurs ng I m{m HalJTBNL S,
using particl esgﬁg\tﬁ)ﬁg‘lﬁgﬁgé\h ond t%?’?%’@stggn S r"eﬁ%s% fBP 'HE

nmet hod to be nAHEHGAACIUSHE Ve deviGes, fesonancs QUARE W‘”&Pvﬂfea%‘ﬂfsﬂ!‘e

em ssi on pgsk mdaaﬁemanninéuamumrdeﬁ&sbound particles. The present

I nvention may be usﬁ%}f%{g&%ﬁ{% {HW sEF&*;E‘?HJ M&E‘?&v@ﬁﬁdn%e% bie’from

particularly suitab hteracti ons,
ant i body/ ant i g&pmpensial peusces t ﬂdﬁ%‘fﬂ‘r" E‘Eﬁf’@r"‘?ﬁ"@ﬁn@ psaddp dhe PSRNt o1 an
i nteraction betmnas dontaiifed IfHAdo0sH| Wevel Senadre, Balisntina bLd/a(1987)Adadgnipar t ner .

The net hod nmay Pﬂf% eﬂp!?uﬁg [RTSIRIT0 )Y s%ﬁgo%\\;‘g%t | W bet ween

pol ynudeot i des aspect I"dand may
be, for exdfmpl EQUWWF“’W cEM)dy or antigen, an enzyne, an enzyne
i nhi bitor, a pol ynureacm i tepicaly d dischecriaiiragubtwithgorietdttrodesan thelop ar ge

I d ticl
DA O VL 430 o e ST B it bk i 0L
t he i nventi on. isiappijeddo the glesiredes, %MWP@WVGFSG@'%&@@PWBSM yingreasing
rré?‘sure t he adbaﬁbamafeegﬁeﬁeha;&mwawauﬁmWa smal | parti cI e. Th| S

ect i Ainsed on Gt Lal L0l yo s serkifd Aifopnihe f Uaf bR ol 7 1 C

at rnonot orfdus| y inc rrpl I ence I ncreasing acceleration.
This is achi ekuwem;hg dwomwmwgerm Itisitechnicaliypasier t9 exciteoscifations | ¢

?ﬁoustlf \t/va\d/e deyhe@entﬁc&ﬁussom%d ao%nauaé;&rmsc{:uﬁw#mdaeﬁéwm&ameuﬂmw As
e anpli1tude | Nncr ases SO does cel eratlion, a rce
exerted on 5 t#&Y ﬁ% JP%"? A‘aﬂ%‘ﬂ?”bg‘ﬁ@ %['tgﬁ“ﬂ he
particle to thosmmﬁamuawuhn@hc acaustin envissionis detectachat its ithird harmonic.

pi ezoel ectsgl ¢ devi amm&mwﬁwum@mnma@mdﬁ&mukh' S

noi se, produced hy t e rupture event schenmmati c representation of the
appar at us usedPPqingRazAeY as compangnihatis cantagied;with thesypfaceiimmoblisad bindinga | 5|
schemati c reprgmmned anWnﬁfcdnhhtt.phefaﬂ&mdlsam:MabUBeIsmﬁhwwnmﬂaaﬂirgure 8. i

Cransaucer - 10, M@l SyeiceuRi]8 B S Mol R B GENEE [ 7 ()

a 3f + (err)t filter 13 a Lock-in anplifier and anal og-to- dlgltal
converter 14, and a conputer 15 havMy a data input and a control out put
shown by the arrows. In Exanples 1-5, f=14.2 MHz, and Af is 82 kHz.

Parti Ges 18 are placed on the surface of the substrate. 15 Fig. 8 shows a
pi ezoel ectric transducer 21 (such as @CM SAWdev~e, etc.), and a variable
gain anplifier 22 with input 23 and output 24 capable of delivering

snoot hly rising output anplitude under control of a signal 25. The circuit
al so conprises a bandpass receiver 28 (for exanple simlar to a SSB radio
receiver), and an analog to digital converter or converters 27 supplying
data via a fink 28. FuAher, 2 o the circuit conprises a controller)
recordlng and data S|gnal proce55|ng deV|ce 29 (for exanple conputer or

T~ N o S . o, o ”~




3 0 acoustic em ssion at point 30 may be purified by nmeans of an optional
lifts/coupler and then fed to the input of the bandpass receiver 253. J{fe
war ki ng recei ver frequency band nay be sel ected by a maxi num 23 JUL 2003
signal -to-noise criterion) e.g.) the resonance node | ocated near to the
thud harnonic (3'F + (err)F), e.g. 42.082 M. s Single or quadrature

out put si gnal nverted by an analog to digital convgy (}L{%
converters 27&835@88}; dynam c range. The data are then furt Jﬁgl tally

processed at 29, in order to extract usefsil signal, and then recorded
and/or presented to the observer. The anplifier 22 nmay be additionally
equi pped wi th pastieamplude at osBiliatied|inareasey and fat & pariculyr threaild freey bod si gnal

to noise ratio, g0k o’&&e Raevﬁuéwb&daaanémepm&é fslnafs%emefssn uue@eﬁaaehe
correct frequency a

?j‘ | current to C| 0SS
transducer: Fig. 9 i F8@?‘?&?&”%%&?@%@8°'§'M}M§s°éag\§°e9f 81"91'?5?'"?}2%" in the
I nvention. It anerpemspesnaraemnlecm ifteractipan €Tt anulytikimay et angrotedr, antittqaiyt 32

with increaging,g ggﬁa Jenzg,nmﬁ&m% xa@.@emd%eransfaec.g.sgﬁ baw  'N€

el ectrode arrange tim sed eneratio litude
SAW at a pi ezo-'%"eﬁfsﬂqﬂé’!"es'ﬂ 3‘?@@"'@!"%@'@3(!@’5&'?0&@8?\% FS"'/""?'S""B@?'P%P ed for

best bt ransd;Jct l)penncet MEDER! pArtieNEry SiuRed tf6r ase ﬁf met pregént iavgﬂah lnérm pattern
may be conpl ex ris pairs ro ice
further conpri %'S‘m%e{)eﬁto uaﬁ?'fa' '§§- f'@‘? %%%?”% 'g&f’ﬂé’%i"rf’é @5?""%1 by
means 15 of a Iasmlaswsaiua #Wc&mbﬁlsm;bigﬂmﬂﬂaﬂefdﬂmbgmém same e, and nor e

inputs 38 gad 4 \f&&fdﬁhm d¢38rdin@y, na e G B tHaGappRdpBate BRYsical cchamicanal ysi s.
I { use of the io based sensor, the generator 31 generates RF voltage that
B?ow ding an eif

is suitable fo i aent transducing frequency at output 32,
and this is fed to Jehdisaediatign tof amallercanalytdscist prefgeably3detected by daconstiche

f[0| €z0- Sngt:ﬁt %nﬁﬁ%&\d%&ﬂaﬁﬂ%ﬁ}mﬁaﬁoweeﬁmﬁbﬁbbiﬁal@ieaﬁf e@'rﬁi@ﬂttéow SFS Ck>V€r
I me unaer e con e ntr o neans, o I In

58 Tho recel ving. clis Pt giteess U inbat sehamin S ERER At Peblifig fa,

emer ges fruan t kesgetimajecuiertea sepsansudtdce viar arciplerastiomedth akindingipartherd The t he

(rj ecelt v?er/ cont rebfnfb@m;aﬁmeloaam&zoaﬁmpmhsnmwemHm &ﬁﬂc&f»{tﬁésﬁﬂaﬂ 0? to
Igital conver gl o en _un rocess er 0 exirac

useful signals! ﬂ@%”ﬁrfsaﬂggﬁﬁ"g’yt’f?éﬁ' “Fﬁ%sl"?af”g@ﬂ'?”dﬂ@"é ed to
oper at e. Cert aand may betselefted pithen to Mpbvsﬂmnsmolsmmomnhismsorbto 7 and
10. Figs. 2A) ¢fhwovddthetBomfdhendof uéecm%s.u&&m? i lrfaéb, waeinalusuﬁqgsf si gnal

5C are pi dit ofveeen Spiile e iiodRiq pfeed Ao ddintrd) v ol mifoni (| cos

psrti Ges
(N). 3 0 The f osdilleteidry usisigrapipzoelegiic agoustici wavk davisa; e.Bow QGM. s Ehaisamed buni n

LB: Lucia brot b.eﬂeﬁcufadaaéémﬁauaea SN horfeltd Sétbé acdbiiffioise produced

D net hyl am nop r| EDC.
1, 3-di net hyl a gﬂ?/? a\'s"et hyl carbodii mide NHS: N hydroxysucci ni ni de PBS:
pﬁosphate buffered ‘Bwseparationtechniqde may beapp|iddde eeject for Noleculesithatinteract  wer e

attached t,@ a {fdfhh Wfiﬁab m&:aﬁanybwlﬁdr%ﬁmwm%amefe hiPbd ¥pphbdof
i nt erest. The cover ﬁ% pheres used was 1 % I the su face ar ea of
the QoM The srfeleeds w'm"lfw‘f HERPn RS EFPETHER ALt LS
select for antibodies with strong atfinity for a particular ligand.
Different ligands may be localised at different positions on the surfaca by, for
example, contact printing or the use of masks or phtolithography. 1t is then possible
30 to screen a mixture for several strongly binding partners with several different ligands
simultaneously. [n particular, the invention can be used with chips having different
materials such as receptors immobilised thereon. More generally, the chips can
display materials that allow testing for different infections, pathogens, prions, food
allergens, viruses, bacteria etc, e.g. in human and animal clinical testing, and for



The QCM sensor conprised polished quartz plates) acoustic traverse-cut at
35, and 8.25 mmin dianmeter. Layers of chrom um (20-30 nmthick) and then
gold io (100-120 nmthick) were deposited. Three different bonds wgrg L 2003
studied) in experinents conducted in air: a physical bond (Iat eng IdB’
streptavi din-biotin bond and a coval ent bond (am de |inkage). The physi cal
bond was nad B ing the |atex spheres directly on thg, biser t ace
and drying inni t rogen. The streptavidin-biotin bond was rra y appl yi ng
bi otinyl ated 15 BSA to the surface, and gdrying in nitrogen. The chem cal
bond was nade by formng a thiol nonolayer using an acid-term nated thiol
(12- nercapt ododggzgmhmnamigi)z mﬁdmalmag thrr:ert, h\amﬁ)ehtidnf'dgg b:/&&edi?nlim’yihvat edcI
usi ng EDC- NHS, _an [ nated spheres were added to fomm the am de
bond. ' The expe?enﬁw?hgﬁ&%%&%or med in a chanber equi pped with two
optical 2 o wi ndowsthegiecondhaspeehof the preseatiinvenfianris aanatiad fof daterminingpee) and

the other to abJeQ&hc@'&Fﬁié/o?berae@Erth@ﬁﬁﬁﬁﬁ'fv&t?ﬁﬁdeérﬁﬁ&émﬁdsgbFebelﬁ%nQptl cal

Model
TR0 St o oRSn OB one e 334 P e 6 veaRes e e, anc
det achnent of pagr 8 mitresphae. eThebpariclecid theni atigched tﬂrpmynsorm the oydiecniar

m croscope equrnwc@towhe&qu%?m&yuéa pae a\%lg@@bﬁﬁﬁmﬁﬁg The main

measuri ng device was rrg11 I er ord Researc
Systems). The YQipes Eihgsansgh s the.amaituge PB“PN%‘“EH&@“F?F theifaese seaches g
generat or syncbriticslivalad wherethiond fuptusd ocaars. A¥this paini, & eBaragienstic Nbiss agpsl t 0 a

conputer fyor C&QL&%b fusfnge a SYRAH rsﬁ@t.r}ag'; o 9% tns&c[;.l wf hta% Fig. 2A

shiows t he rupture ectra avidin the 3 o
cheni cal bond PBspvedgg. upgeran "tPH‘é" Wﬂfmﬂ‘ﬁl‘ﬂ? H@"‘ﬁﬁ?gﬁ'@amﬂ%ﬁﬁ thegy
recordi ng the hunitied bepartitie£boynaas the,sehdor sWfape.S Sygidatly, ifGhel QURY iFub&d as

xper | TNt al | Yoddli 8, Exkibe A0l Afjkiridh hERREAS. hS DA0URR IN * c2n

be used for se aratlon a mxture of 5 Nm
spheres, sonme "'Mhi"tﬂ‘?"t’m’é’"s”ﬂ‘?ﬂfﬁgﬁhﬂﬂ?@ﬂ"ﬁ%%@ﬂ%&%ﬁﬂﬂ%ﬁ%%lch do

not, thenasy amloypragessars 6bsendsa to be sliding enmwﬁnaa&ayvu&u& tHeGhieresdopy, say 1

to a (ACM I e the t wo
sbts o spher é”‘é*”?ﬁ%‘v'ﬁﬁm"“ Pl GHHebAvordys aiBuaal %Pﬁ"t@r?%‘f
surfaces. Thi sWitl kerefareddo as3 rug %mf?é ‘B%‘%’H"‘t Shejeaint @t which ptbaw EIPWNSabeI | ed
spheres, si ncewihbé ypﬁdmampheplasamtdwiblbad rioiSe pbsk. Sm‘efw&e thé caeal | | at ed

at 1 V. 5 To I :
oscillation of W %a%at%‘g%t&g#?erew es based on -
exper i mentdl o‘d‘?&"m%ﬂ‘* &ing Q"'é'%'?? fayinedpowt bardlengifas angd ﬁ“’?‘?@%'@f"d@ﬁher e.

This estimat e métfodte bé aiade qudnyitaten Furthétthé height o1hé acoustic sipssiowpeak ist he QCM
and its Q fact e t’%"é"‘gﬁp{’%ﬂ%@%‘f seciprocal relative resonance

bandw dth = err S given by: io A=[Q P/2>1~-PM' ~ 15
where Qis the Do hmmtmmbeﬂmapbfysqdnes@memwwwu'apmwe@mﬁed by the

2 f is the ﬁaammniuntmecruemmwl; of lRAzyeeAigadd Iteyddtions, aﬂﬁbowr{hﬁigE?e

ef fective,pas ol.v actor was
determ ne%grEl ﬁ%wgmaﬁﬁ ft g%s&aﬁ'ge"s&% hg 'v Brati onal
anpl i t ude of twwwé%mmmwgn%mﬁﬁpﬁm%bﬂwﬂ@ﬂ&e 9 NN.
Thl s tshou:jd bguct ﬂﬁ:ﬁdﬁaﬁ&ﬁvﬁﬁl&ﬁwd&ﬂﬁ\g&t&tﬁeﬂ ‘F&Bﬂkuﬁfﬁ&tmbﬁ; I

st rept avi di n- on and i ndi cates xi mat el y

80, 000 bonds 6?'8 k‘?%’ﬁ'&%éﬂ??&@ﬁg%iﬁr ﬁ“‘ﬂ'ﬂt"%&p&‘ 948" t hi s
corresponds t ens0ux an ennyme inffibitoh @ mhnmd&»hdeswmdmemadmmomalsndmws bet ween
the spherg an%ﬂﬁasm@wra&esnhzrmmmaaﬁbémmm£m1aes bitpartife, inftfe DONdS

attaching the spheres to the syrtaoe are broken simultaneously. This gives
rise to the sﬁ%ﬁ°ﬂ pepectof aiayapion i n the 25 rupture force spectra and the

det ect abl e noi se oOmnelfelidingrxampige iludtatathé invehtiohi S Exanpl e shows t hat

met hods of the iny i ' ' i e 4 factor
of the QCM wi || el 3 iRy, "?'45&?."'3% *%%%%?r%‘&f%@ﬁ?é%kﬁn@g"{ anpl i t ude
of oscill ati ofprees batwean ajsudiscerand @ smal @atipien Thio affect isdased off oscillgtngrae wi | | be
3 0 viscous forces acting on the mcrosphere and its effective mass w ||

i ncrease, due to the associated |ayer of water, increasing the force on the
sphere, Fig. 3 shows the rupture force spectra for 5 Nm | atex spheres
attached to the surtace via streptavidin-biotin (Fig. 3A) and a chem cal
bond (Fig. 3B). Rupture occurs respectively at 1 V and 10 V.



|1 Areduction in the critical voltage for the streptavidin-biotn3 hiind,20py
a-factor of six, from8vto 1 Von going fromair to water) and the
breakage of the chem cal bond in water, indicates that the latter effect is
dom nant. Thus, this Exanple clearly denonstrates that bond-breaking, and
hence separating and bi osensing, are passable 5 in water |iquid or another.
Assum ng bond density for the physical, stre otin
and chem cal ‘&gﬁ{ﬂﬁ s the sane and since the sane size m (%%Z%ﬂé@é@ have
been used in these experinents, a relatiye scale of rupture force can be
obtained. This is 1:80:600 for the physical:streptavidin-biotin:chem cal
bond. T]hi sh_scakhﬁuﬁ:e?pmeﬁrca:p%nme&eaapmatﬂnetoagﬁkryimmgaﬁﬁmhm Hervani c )
range of this t ho i N a [ eriJrents wt
known bond den eaé'"ga tﬂ'ﬂdclttpes %oascgrﬁﬁdt%t %'ga'%’k&f ﬁﬂégg)epr%"gégere" fits
quantitative. piExeaiastis asoaﬂwewmpe dn Wisicasesa quarta srystatmigrobalance (RCMYJ.

Vi ruls;es aBd ldns mratmatwharncéésaeﬂe&desa«blaucermstrot»laﬂdnmﬁwfbeaefaeudhspl aylt Eg
a m ose-DIl naln 0 since bo
t he phage ahd t'ﬁg’ ﬁ{ﬂ 3@%’%’? frﬂfﬁ" %W%‘t‘@%%“@ﬁaﬁ”ﬁ&%ﬁ%d and

readi | y avai | ainagoustibgoipdrgidhe samee pieaqgectriddamce isiusechana seositiveimicrephrooesi st i ng
of a flexible tﬁtt&:ﬁrs%tsewﬁe&@mmm@vaﬁe SEnembiiCrepfRlsitatoR bl the M0di T i ed

phape additi ona mal t ose- b I ng proteins at one end of

the virus ss ZBPH‘EI%‘Y%\’F:“dt"bEl‘W'ﬁh‘a\Qe‘" i, pirqwn g £iours, Hadere oenasal gehematie ¢y et
al, Nature) 19%;»:@;&8&0&'&2meTmmmmimmMsHWnstpergurferacal ly purified on

%I ose raogn. phOS rhgéfclrﬁhlﬁgtggr Mgh?cgt%ﬁ\ﬂ‘% r{g‘b ﬁr##ogle@tﬂ%%s&&r pinus of

ol e egceroI se was ace of fd phage
as a fusion to Qﬁé’“!frﬁ"ﬂﬁmf’éﬂ?ﬂemﬁ%‘ Hf’?’ﬁé’@%’i‘?é“?'l 12. a AtufdttecBat Lok ei n.  For
thi s purpose, - amplfir gridcemalog-tée digiest carivert@r i@ Ldrll a camtputarr1Sthaviag & dataiidpuencoded a

oo o OTad U Loy bk ke L B T

phage vector carried e-resi stance marKer Ied
conpetitor phalfe fagicasdepresriaged ondhe uyfagaofdae substateagene) carrying a
kananmyci n-rsesi st an@ig. SBhéwes a piliveiectit tErsdgeer 20 B0chas QCMpSEWalevide, ¥tc}0' =

cfu/m were ob Q!ﬂ%? re of
Escherichi a coéf?d ;Slteg,é% %Q&H"Hgi%ﬁlagg phag oqut oc?< Fedrfﬁiﬁﬂhlf?r s of
shaki ng (250r pifyocstly geingCoutpyy amplityds) ‘t’ﬂPﬁe%‘ P sienat 2y The SralseL LB and
shaken at 350r¢mprises dbdndpash révaivir 261(Rir examypie siailar idda S5B rddjo receiver)amayci n (50

JnmL d h
O om over ni gt usgsb o] Blrvanébor foniefiefd o7 Wihiyg SaC 4 k28! riler "0
kr pm) 20 12‘“&#!?“{‘ Ff@“ﬁfh&@%%"@tﬁfﬁ?@&!‘wmtﬂ%' %’eﬁféf'mﬂ‘éfh? ?)SPfaddu tion
of NaCl and PkExaope cbmwtamlspmrmswﬁmmsomﬁhe cdntidt didatéd by atiroken

respectively &R VBIgC ith overed by
centrifugati onﬁ%ggbﬁ?ns Q%B&%W; Eﬂﬂ& age pe e'?g\?v'as regl?ga ended in
1m H20 and stRSraepssive L ubI e starch (5D0 ngy) 0.01 mmol, 1 eq.) was

dr(ssol ved in DWF (Wusddfmﬂrmnlshminfm 85 thed amptiitier 22 Mﬂwym&utbtm) To

11-

addeq D1 G207 SRR ifin b b Bbpgrmband 3 brovidegilitpit ﬁg s
sol ut' ron was 056%'69tPGBfQ'HB‘V§t§aFMH°%P4]?'Pm?"‘Fﬁ@°F@§G’ﬁF'W EMaYstirring
at room terrperbaumﬁamranmsbs resdilfcé Rafilehey) THR DséiNtion mw.ﬁmsb .ﬂ%lmg a

stirred io ceII thalO ] rane t of f... by rins sol ution
W th mIIerva 8“??@@' '\Qﬁ‘?’%‘ﬁﬁd@‘g‘aﬁ RM?‘ %sw&e 3"

| yophi | i sat i orsouft ptthe hentroiliir29dy infeapeofithe contioplink28. The ageing signaliof | ed
starch copgai Rehisktieeission aﬂfoﬂ\‘t'ﬁoﬁﬁngx abgmét.ﬁs mmmﬁm.t/mﬁwpl ed to

t he surtace. ared ss in i eced |n sol ution
of the starchaf’ﬁmﬁg{\gﬁg‘%? T°NB°B%Q°W&_‘)"¥@P’3&TQI3WH%{’}B &eUMNEY o5 were

t hen washed ahdndimaybe seieked bysmaumcslgnai-tb-moigennteﬂ'dneem rthnsnsomnce
deposited on_ iage bithadfiars BTl nahdiR. 34 86y 6. £ 0d0gm. { emperature for
experinments in alr erent virus concentrdations were nade by- dilution.
To performthe experinents with naltose bl ocking the maltose-binding
protein, 100 nM naltose was added to the solution of phage. 2 o The surface
of the QCM was thus coated with a | ayer of soluble potato starch (which
contai ns branched polyners of maltose), chemcally attached to the gold
surface via a sul phur-gold bond. Experinments were pertom-ed in both air and
water. Fig. 4A shows the rupture force spectrumobtained in water for an
equal 1~ ,, mxture of maltose-binding phage (-) and unnodified phage
(...)) the scan being 25 acquired aver 500 seconds. There are approxi mately
500 mi | Non of each type of phage on the surface of the gold el ectrode. For
t he unnodi fied and hence nonspedfically bound phage, a nrpture peak was
detected at 1 2 V The correspondrng rupture peaks to the naltose bandrng

o o o M. o " N L e



13 forces and the increase in effective mass of the partite make2i§ $disi2003
to rupture the bonds between the phage particles and the surface in water
than in air. The sharpness of the peaks in the rupture force spectrumis
apparently linked to the observation that the bond nrpture occurs at a
t hreshol d voltage; this nauHs in 5 the acoustic noise occurring in a short
time period aydopgiase nakes the nethod very sensitive. |n geitioeeidyr t he
signal fromthe specific binding phage is well separated fromthe
non-speci fi ¢ bindi ng phage and at hi gher &nplitude, which nmeans that
non- speafi c adsorption does not affect the neasurenent of specifjc
adsorption. A nmuch NP qupEMIe §"'Pg'qﬁlﬁqa§da'PC?°P!ﬁ5'Pﬂrb(¥ annalag lo; gigital
i nt eracti on betavaeenet breconedriessa?-db highl dyngpmic range: dheidats ack theh fupthel digitallyne phage
and the starch- f ; ' he

f%’@et o b5l st 44, iﬁ%ﬁ%@éﬂ%&%@%ﬁ:ﬁg@ﬁ@%}mﬂggg%&?&dta%m Lenfed N

non-specific i actions en unno ] and the surtace. Fig. 4C
shows t he resullp thsfobsenves,Thepmplifise22 may,pe pdqitianalyrauipredwith passive pytaut

mal t ose- bi ngi nGan@loa@putirerts)! inprévingtthé gigndl tendise fatis) Ae disviehfuring kia® e and t he

hage 15 are the I t t nt r | r _over the
\a/nolge surtace (%%P%%ﬁ%g%l‘%ﬁﬁeppﬁi %ﬁ'g%%énﬁ Q %%R ’éhsi’b'f %ﬁ&"?%tq%)ﬁ'@&@ﬁmdi fied
phage, confi m ragrassthe taneduger f er ence is due to these specif' ~c
a 85 graﬁtionS- tFihg, ﬁQfQEHQHi&thgﬁprBGeﬁTeH@QW-?ﬁﬁ@stﬁﬁﬁﬁwr%?biﬁlhm%ﬁoﬁ@ i:htolnlty
age on the surface,_ and indjcates. tha e_Lupture event is sti
det ect able. ThaPEPIEs Tea3Tlocaenpietra Fropokat e 37 WD Bea TG AT e g s
2 0 in thel@ owhiphafivesyrahsducerelegfodenas. Jnelesicods arrangeiments33 is sptimisedfage i n
nabodi Noany a6 gBlebaioR AP artitalie daIIR W destCuubinid o Th BEARIE. ° (10
o S0l tage. aBOEISTIRrSTibgPimAsH i s e HEUTIan s e A SRR e eP PRt ol | y
bound phage butsigball She paitan niaybe corapienn Ceraprising oneiommprepring of el@dtiodes Thgest s an
al ternative wayelits fRfhé@Bmerisas BleadtRdt iritdsabi @hrbiftg thé Gélierslor 31by'HMank t he
bi nding affi nlty of tsge '%h‘gpe Ie'ft on thg iur'fatie is control l‘ﬁiﬁ bﬁd- _
control | i ntf t h& &j1ek 3§rand far msaving gelpied Sonals #1908 9 MYerioputs A8 #Rd ¢ | s
appl i ed, provi gedormingtdatasignglproressiegreign caetdtibr andlysisdet er mi ne t he
sensitivity of the pREOGGne SAWitabdd faRsd?tREGnERIKr 3Wganditbs RFVBRageMat h t he

mal t ose- bi ndi n hage in water. Fiqg,. 5A sho for th St I nt ense

noi se peaks ne%’P‘@'q— 'W%%Mtws?@gﬁgﬁwF%"”ﬁ“ﬁn%af’"%gisllfffﬁe nunber
of phage over &igenerating tfansducenatbsirodes 3 lonajad onthepiezvdsubbipate 34(dottaddipelnce of
appr oxi mata) y FR0ampiReR of RF WorfageNséstdvetind \fd8Fthe Corifol &F tREOGnRHINPADLY 1 1Y

_Fi g_. 58_ Shomdg?ié{?f'ﬁ C rvlﬁ\ﬂgrlﬁge nov&-ngeci fls(ii_})%%gidn h% e in aft,
i ndicating a t dreep ectrode %&Aﬁf 5
probability. Thwissigmihetemdrgestianbe atlivadreado ph algetrical signad whigh isdedtodre | ow
That the mamborEoysrEsAiie 59 ?ﬁ“"ﬁf,{%‘@b-”?’ i daid) oBindF herTiabo P 1101

a e nunber o e 0 e surface nma e det ect ed. contrast,
Wbi ng PCR. t heCAMYABER 1hn uaderpo. SopA Propessing FQraer (o exirpe izalt] siapss.Resile | on. 1 ¢
it Is asswsed aredhendinbllytracordadrand/oppresentddde operatohe sol uti on sanple will bind
to the surface, Whicaiirbdundfroriihe Exaipies reishow in'Eijurés Plol70iMd 16! Figs- Sur f ace

interaction or_the solution 1s allowed to evaporate |eaving the viruses on
the surface, t#haAP dfr3AAHIG FRAP. Hand 30 afe Ricts pf signal (Sppibitram
sensitivity ofurltEversus atnplittdal@Ovolts) iFigs. 54, 58| 64 andBE\ amgplotsrbf signaLivises
conparable to i j 'lﬂ'g‘i/ : hage) by this 1o Exanple
(which is not %g%@%@gﬁﬁ"?%ﬁg"é,ec ‘r”ff%f"é?%é’? be i nproved, and there is
scope to PRprove t [Tbe fliowing phhreviations arapped: by nossi bly at | east an order of
magni t ude. For exaggiAERovirne sehmsgnemperi nents, the phage were deposited
uniformy over theL \ rf.age of the QCM However both the anplitude and
sensitivity of the E P o spati al dependence which neans that the

dom nant signal cofis Dimathylantieoisoprapylehisfidel5 t he QCM (as shown in Fig. 40).
This means fewer apghaBepinfemyaifhopfHdfnese peaks coul d be recorded if the
phage were only deposited 1nh the centre of the QCM resulting in an

i nprovenent in sensitivity. This method can be straightforwardly extended
to the detection of human viruses by the use of specific antibodies to the
vkus attached to the surfaos a( the



2 0 4CM These anti bodies formspecific interactions between the vinrs
attached to the surface of the QCM These anti bodies form specific

i nteractions between the virus and the surface which can be erk@rU[&l’g 2003
particul ar surface accel erati on. Non-specific adsorption by simar size or
| arger particles present in the sanple will result in peaks at | ow vol t age,
as has now be‘gn @&8% and this should not affect the anal 1§ 7a|though
adsorption by | ecul es onto the surface may reduce t e nunoer of
antibodi es available for binding to the @ rus. Mst comon viruses have a
| arger effective mass than the phage used in this Exanple although the
nunber and strengt hEOC: 1 Balimgietaniinapropyt-Bethgitarbodiimidet h t he surface will be
different. This neapgat e required should be of a simlar
magni t ude or smal | e?ﬁ's m“"’l‘h%”‘rv-"%@?% e shows that rupture force
spectroscopy requi r BBSyrhosphste-byfferadislinest ep, is quantitative, and has the
potential to bmlﬁ_m@gl ate and low cost. This could lead to the rapid

di agnosis of vira fec n_nma i tuation atlet5|na
cli %I cal ervi ronrrent‘q ?ﬁt%”’ﬁﬁ’cﬁ%ﬂ?ﬁﬁa‘f@ei’ﬁ %@?Faﬂ‘?‘?’ﬁgﬂ?’”’“ 3GRVIE, aml e 4
Thi's Exanpl e i imultipternumbersaof theibosd dfiintetestg Thesamagragd-ofithe spheres sisedwagitar t z
crystal microbg}Racatécaiala meadmdme sb%ﬂ%'oﬁ@‘i%JlHﬂfoh?ntﬁLlF’J;ﬁﬁ%mAT cut at

an angle of 35C ( gcf Cﬁ&b f‘i"i were coated in an S vapour
depositor with 5 a 9 Qq °%{EH1'E§? Befished auarty platas, aapslic traversercut 300 nm

| ayer of gold ase,aeder2§imneih dameter] iLbyend efctheimbgnh (2030 nne thivkl) eridtheregold hese
chips wer e ¢ hepgply3Bmafilick) deddMego! Uti on of mercapt ododecanoic acid in
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then with water, anU"?%‘éﬂ’F"ﬁ’l“BWFsW&Hﬁ’tfé'r"?@PWW"?‘?%PBB@H“”H‘F&% chi ps
were then i mrebamilalex-gmdma)stremmdﬁ-babh&oﬁd&m adoyslem tortd(amibie lirkédgé). TR f or 20

mn. They mrepﬁgsnﬁ WagHaké ¥Fh ?Ia‘(@ erestégﬁgwmﬁé ﬁﬂo.fs%.& - hiin

a 50 Nglml sol ut’i on opam)use m)noc ant | ral se al nst HSV |
gl ycoprot ei n D*R4fnfioe infitreees- Zhe syeptay Ef"‘b’PH'é nfuas mpdehy applying bio Y'M’q/vat er and
i mrersed figr 1B8SAtdithée Burfacd, dHHaqirutin itfogah. Biekmamlcamonewa mpadé By {Srminghey wer e

then rinsed expaist ibfuelllo Yt o @RALO A (7S-pidrploBoccliObeBS, 15

The nunber of viral vi rus stock ‘sol ution

was det er ni neddi#oived '%I"@?PPPOH’“?TP”E? Senofrfivated H‘"ﬂﬂ ﬁ%@‘r"ﬁa?“%f’gnﬂﬂm of |atex
spheres: Seri aembiasted qbrdmilvhm a@edtmmwswag[bondt ock’ sol ution at a
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Na2HP04/ NaH2P04) 2 m’?ﬁﬂc‘"f 150 MQNQE?% ajtPa r% contal m Bsp'[%{lo 1
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e, shownh i N Fdbgervéd usirigain Olyfnpus BH-2pftidal Mitroscog@aduirped witiea oeakammcr (5 ;/) 23

versus t nu i 0) an
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bacterial bin assa S were prepared as I'n Exanple 4. E. coli
and S aureus (| abﬁma%usmm.wqreMsmmmreweptnviﬂn-aiqﬁnmaaanp/tm 5% yeast

extrai d by®t h chgtricalBed@); & Qg&rmwkﬁi@ physidal Bdnasanpl e of each culturo

was adjusted to a goncen rat on of 1 s .determ ned by qpti cal
density, and . 8 reporg J’e rupture 9°'°° spe ‘%1@ r'ﬁrpi°f %dmaf”%?”&)o g for 2
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5 40 NI of PBS and the QCM then scanned from 0-10 V. Results arje3stdbbn2003
Fig. 7. The noise/anplitude plot shows a sharp signal at about B V for E.

coli, and none for S. aurgus. tamale 6 In this Exanple, a SAWdevice) as
shovvn in Fig. 9, was used. In this case, a 1 o single instnrment (HP8512a,
Hew et t PackarC|) was used which conbines an anplifier , - 1 and receiver
and controll sa single instrument. The instrument | $céRBodidiss?

Cont i nuous ve an Povver Sweep node. The SAW device was the comercially
available RF1 t71 from RF Monolitics, 1@ About 100,00 |atex spheres, 1 Nm
In diameter were depgosited on . the s f eSAW The resul ti,
spectrumis 15?b°dF§§éhtf‘éBe‘?‘H6[\—/v 8y Y. % %’&b Ain opdhpsurtage, “(ﬁ?éf'g'gd t hat
are not presento separhieehejmrsesmfsphmes fblprevidetumlysstreplatidia-ldBANME spheresencan be

used 10 det et b Rl s fachHE mayldich Y Jsb i Bl afiadif- ABAR KoL ©SPOnd

to dusters of sphe rent sizes an he peaks
are observed atingsianjydhesgispheres wpidd bind to the surface ifpscillatedatiiol f or determ ning

the affi nld by bet We%n@k@ﬂﬁbﬁﬁaﬂﬁém&&bﬁantﬁhvé\,tmraﬁmhﬂé'ofeimlﬁﬁﬁrtﬂihedeM bl( n;lll ng
partners epen ri ses St i

contacti ng t he'B nl?f f'ncﬁ °f5'5f’°?naér‘;§}}er%"r'1é'\g@?ge\7\hb i° exﬁﬁ%’%eqt sagaga 5ﬂ°‘5‘"§ur face;
(ii) osdl I ati nestimations gf thecforcat ori ther wmicsespheranpllils gstimate iwas (perfioymetbbect i ng a

di ssoci ?t i on emesyunn@me Wd&ﬂﬂuﬁ;ﬁiﬁn aeaamm m: a& G RcBLlor med fi&er fthem a
conposi tion,

conposi tion wi ‘Fﬁ"’@‘% %”ﬁﬁ“ﬁﬁﬂcﬁfﬁ cont @C‘Eﬁ‘ggﬂi‘ﬁ"&(rt ner

being immuabilised on a surtace; and (||) odebtlng the surtace at

i ficreasing anplitude, to selectively renove the analyte, or other
conponents of the composition, fromthée 15 surface, 3. A nethod according
toclaiml, for determning the biAdFDgﬂmfﬁﬂnyth bet ween t he bi ndi ng
partners. 4. A'nmethod according to claim1, for detenmM ng the presence of
the other binding partner. 20 5. A nethod according to claim1, wherein the
ot her binding partner is, or is imobilised on) a particle. 6. A nethod '
according to claim5, for determ ning the size orpggesence of the particle.

7. A methdd actsreRitthe 8 % APrtipctek Biisthe elestical Powrsconsymed BY e QM 7l (il e or
each 2 5 bi ndithgreseanidnn tréquencycof tiieoquarta crystakand diy theaffectiye maseof2ye@CMenzy e

| nhi bitor or pc?%ﬂi'gl Mo%d .rﬁmott%n”&h@%aéSF@Jsddanande@dé"f’sobotai’s\@ wher ei n

the ligand or tner is bacterium _virus rior or

phage. 9. A "59& @B FQHW ?'dh%ﬁ?/‘mb@m"we of tae REMgHED pmy, The toreer ont

bi ndi ng part nesrsth@spghess is therefolai 9 uN.cThiasheolild be cempargb®ithe o reedédite sur f ace.
10. A hOOL sitthd'Shr ljs?f%wr’i.‘lI?Nb:dﬁfnfb%ﬁli' 'of‘ﬂsocdr@’ ahd i Nm%ie%'u&t %ﬁgﬂ:‘nﬁé@c' ation

event 1s et ecte y acoustlc em s @ accor to any
precedi ng cl ai3hO0QFEPLs Are brkensipyitapgoys EﬁW’“S'P ‘"ﬁ"ﬂF%'?B'éWéE‘?’HSWansducer

or acousti c t rta58%ue evore of the initial streptavidin-biotin bonds between the sphere and the
X ~ surface. This means that the majority of the bonds attaching the spheres to the
( d surface are broken simultaneously. This gives rise to the sharp peaks observed in the
25 rupture force spectra and the detectable noise on bond breakage.
Example 2
This Example shows that methods of the invention may also be carried out in
solution. The Q factor of the QCM will decrease due to liquid loading, thus reducing
the amplitude of oscillation at a particular voltage when comparedto air. There will be
30 viscous forces acting on the microsphere and its effective mass will increase, due to
the associated layer of water, increasing the force on the sphere.
Fig. 3 shows the rupture force spectra for 5 ym latex spheres attached to the
surface via streptavidin-biotin (Fig. 3A) and a chemical bond (Fig. 3B). Rupture occurs
respectively at 1V and 10 V.



~is 12. A method according to claim 10, wherein the transducer is a quartz
crystal m crobal ance or surtsce acoustic wave device. 13. A nethod
acconiing to any preceding claim which is carried out in a li qL2'c3 JUL4 2003
Apparatus for determining the affinity between binding partners,”which 5
conprises: a surface having one binding partner inmobilised thereon; neans
for osdllati urface at increasing anplitude; and et ecting
a di ssoci ati gﬂoég@ﬁ 15. Apparatus according to claim 12?%&@15& he
i mobi |l i sed binding partner is Z o a profgin, antibody, antigen, enzyne)
enzyme inhibitor or polynudeotide. 16. Apparatus according to claim 14,
wherei n the i nmobi | Asedlictimid thegerifical valtege fos the strepthyidibdivtie bondrby adactor pri or
or phage. 17. APBRIrH8Y 3% Bh Bbind Roftdk 18lyafet, B Tne'shedidad Br i Bfidritd

I'l'Tsed at di

di fferont binding partners are-l eront positions on the

surtaoe. 15 18 bongipaatar,indicateshal thedattepefippissipminapt Fhus, thig Example ggaslyei n t he

det ecti ng nmeangyemehstatles thatBohdibréakingian hete séfaratiNg BAd Bibdensing, aRpdssislet 0 cl ai m
18, wherei neans and the . detecting nmeans conprises a

nﬁthe ogcid I@ti n
pi ezoel ectric YR U S5 MT ansducer. 20. Apparatus ac~vr~ding to clains
19) wheroi n the tr oAssgmingr theisthg bpnd rdepsityr fos tthe plysisalristrepsanddineblotin endsur f ace

ag\(éis :[A\i ZS{V\BV,(Z\@?M“S&\'{ bon:fisl\'/lﬁ’@ Same en\? e:lﬂwa;ﬂ(‘}hsanﬂﬁie mi;érgsp‘ﬁé{'eg ha@éébeeﬂﬂdetf‘u - Aff
W] cal] ca] cal] E‘aé SPEFTENA E’g{'ﬂvﬁéﬁéﬂ} \égﬁ'ﬁg’% &y 8%8@] T8 a] cay] ca
1:60:600 for the physical:streptavidin-biotin:chemical bond. This scaling appears
- 10 reasonable and demonstrates the dynamic range of this method. By conducting
(~ suitable calibration experiments with known bond densities, it should be possible to
make these measurements quantitative.

ample 3
The Example demonstrates the detection of viruses, and in particular

15 genetically modified bacteriophage displaying a maltose-binding protein fused to the
phage plil coat protein, since both the phage and the maltose-binding interaction are
well characterised and readily availabI'Q. The phage is a long, thin, filamentous virus
consisting of a flexible rod 1 ym long and 6 nm in diameter. The genetically modified
phage additionally display up to 5 maltose-binding proteins at one end of the virus as

20 fusions to the phage plil coat protein; see McCafferty ¢t a/, Nature, 1980, 348:552,
These phage can be specifically purifiad on amylose resin.

A maltose-binding protein fusion to the amino terminus of indole glycerol
phosphate synthase was displayed on the surface of fd phage as a fusion to the
Q” amino terminus of the gene lil-encoded coat protein. For this purpose, an fd phage

25 vector, pJB113, was constructed, it encoded a genetic fusion betwaen MalE (E. coii},
trpC (E. coli) and gene lil. This phage vector carried a tetracycline-resistance marker,
The unmodified competitor phage was VCS M13 K07 helper phage (Stratagene)
camying a kanamycin-resistance marker.

Bacteriophage concentrations of 1 x 10'2 cfu/mL were obtained by infecting a

30 3 mi mid log phase LB culture of Escherichia coli strain TG1 with 10 uL of phage
stock. After 2 hours of shaking (250rpm) at 37°C, 1 mL of cuiture was inoculated into
100 mi LB and shaken at 350rpm, 37°C for 1 hour. Tetracycline (10 pg/mL) or
kanamycin (50 pg/ml) was added to the pJB113 or VCS culture, respectively, which

was grown ovemight at 30°C, 250 rpm. Bacteria were pelleted (15 mins, 4.1 krpm)
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perform the expenments with maltose blocking the maltose-binding protein, 100 nM

maltose was added to the solution of phage.
20 The surface of the QCM was thus coated with a layer of soluble potato starch

(which contains branched polymers of maltose), chemically attached to the gold
surface via a sulphur-gold bond. Experiments were performed in both air and water.

Fig. 4A shows the rupture force spectrum cbtained in water for an equal

& mixture of mailtose-binding phage (-) and unmodified phage (...), the scan being
25 acquired over 500 seconds. There are approximately 500 million of each type of
phage on the surface of the gold electrode. For the unmodified and hence non-
specifically bound phage, a rupture peak was detected at 1.2 V. The corresponding
rupture peaks for the maltose-binding phage were around 9 V and are more intense

than the non-specifically bound phage due to the greater energy released on bond

30 breakage. In air, no peaks from the specifically bound maitose-binding phage were
observed up to 10 V; Fig. 4B shows tha data in air for just the non-specifically bound
phage. The peak occurs at 7.5 V, an increase of approximately 8 over the peak found

in water. A second scan (...) has almost no peaks, indicating that the phage have

been removed from the surface. This confims that the additional viscous friction
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forces and the increase in effective mass of the particle make it easier to rupture the
bonds between the phage particles and the surface in water than in air.

The sharpness of the peaks in the rupture force spectrum is apparently linked
to the observation that the bond rupture occurs at a threshold voltage; this results in
the acoustic noise occurring in a short time period and hence makes the method very
sensitive. In addition, the signal from the specific binding phage is well separated from
the non-specific binding phage and at higher amplitude, which means that non-specific
adsorption does not affect the measurement of specific adsormption. A much (arger
force is requirad to rupture the specific interaction between the maltose-binding
proteins displayed on the phage and the starch-coated surface compared to that
required to rupture the non-specific interactions between unmodified phage and the
surface.

Fig. 4C shows the result of a control experiment performed in air with the
maltose-binding phage when its binding site is blocked with maitose and the phage
are then deposited on the QCM at the centre (top plot) or over the whole surface
{bottom plot); this showed similar behaviour to the unmodified phage, confirming that
the difference is due to these specific interactions. Fig. 4D shows the rupture force
spectrum in water with only 1000 phage on the surface, and indicates that the rupture
event is still detectable. There is a small shift in peak position due to smaller changes
in the Q or quality factor of the QCM, as a rasuit of the change in loading.

The data also suggest that it should be possible to separate the non-
specifically bound page from the maltose-binding phage by driving the QCM at a
voltage above that for rupturing the bonds to the non-specifically bound phage but
below that for the maltose-binding phage. This suggests an aitemative way to screen
phage libraries for binding, in which the binding affinity of the phage left on the surface
is controlled by controlling the size of the applied voltage and the time for which itis
applied, provided that the phage remain viable.

To determine the sensitivity of the method, a dilution experiment was
performed, with the maltose-binding phage in water. Fig. 5A shows (for the most
intense noise peaks near 9 V) that the power of the signal is linear with the number
of phage over at least five orders of magnitude and that the presence of approximately
200 phage on the QCM can be detected with 99% probability. Fig. 5B shows a similar
curve for the non-specific binding phage in air, indicating a detection sensitivity of 100
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10p2| ,10%&' ()- 3L* tRoExdmpid SHows 1R8N dunfBpBIfdhadeon he REMBUrface sy Qe ()-- ! T
Y0% ()-- 1\ detected. By contrast, using PCR, the number of copies of viral DNA is detected irv
5 solution. If itis assumed that all the virus particles in the solution sample will bind to
the surface, which will occur if there is either a strong virus-surface interaction or the
solution is allowed to evaporate leaving the viruses on the surface, then direct
comparison of sensitivity is possible. The sensitivity of PCR is about 100 copies of
viral DNA per mL which Is comparable to detection sensitivity for the phage, by this
( 10 Example (which is not optimised). The electronics may be improv'ed. and there is
scope to improve the sensitivity further, by possibly at least an order of magnitude.
For example, in these experiments, the phage were deposited uniformly over the
surface of the QCM. However both the amplitude and sensitivity of the QCM have a
spatial dependence which means that the dominant signal comes from the centre of
15 the QCM (as shown in Fig. 4C). This means fewer and hence more intense peaks
could be recorded if the phage were only deposited in the centre of the QCM, resulting
in an improvement in sensitivity.
This method can be straightforwardly extended to the detection of human
viruses by the use of specific antibodies to the virus attached to the surface of the
‘20 QCM. These antibodies form specific interactions between the virus attached to the
surface of the QCM. These antibodies form specific interéctions between the virus
and the surface which can be broken at a particular surface acceleration. Non-specific
] adsorption by similar size or larger particies present in the sample will result in peaks
&_,-:' at low voltage, as has now been shown, and this should not affect the analysis
25 aithough adsorption by macromolecules onto the surface may reduce the number of
antibodies available for binding to the virus. Most common viruses have a larger
effective mass than the phage used in this Example aithough the number and strength
of the specific interactions with the surface will be different. This means that the
voltage required should be of a similar magnitude or smatier.
30 This Example shows that rupture force spectroscopy requires no amplification
step, is quantitative, and has the potential to be immediate and low cost. This could
lead to the rapid diagnosis of viral infection in many situations including patients in a

clinical environment or plants and animals in agriculture.
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17 $10% h_h& ! 1Qfkion of mercaptododecanoic acid in spectroscopic grade ethanol for 18 h, rinsed
exhaustively with ethanol and then with water, and then blown dry under a stream of
nitrogen. These chips were then immersed in a mixture of NHS (100 mM) and EDC
10 (400 mM) for 20 min. They were rinsed exhaustively with water, then immersed for 1
(--’ h in a 50 ug/ml solution of mouse monocional IgG antibody raised against HSV |
glycoprotein D in 10 mM PBS at pH 7.0. They were then rinsed with water and
immersed for 10 min in a 1 M solution of ethanolamine at pH 8.5. They were then
rinsed exhaustively with water and stored at 4°C in 1 ml of PBS.

15 The number of viral particles/ml in a Ficoll-purified virus stock solution was
determined using electron microscopy with an internal standard of latex spheres.
Serial ten-fold dilutions of a HSV gD* stock solution at a concentration of 5 x 1019 viral

- particles/mi were made in PBS (10 mM NagHPO4/NaH2POy4, 2.7 mM KC), 120 mM
NaCl, pH 7.4) containing BSA (0.1 mg/ml) and stored at 4°C. The QCM chips were

20 then mounted with solderiess contacts in the instrument and either 1 ul or 40 i of
each of these dilutions was placed upon the chip surface coated with the anti-gD IgG
antibody. After 40 min., the surface was washed thoroughly with water, then covered
with 40 ul of PBS and the QCM scanned from 0-10 V.

U Results are shown in Fig. 6. Fig. 6A is a plot of signal (noise peak near7.5V)

25  versus the number of gD* herpes simplex virus particles for the 1 pi (0) and 40 pi (00)
samples; the line purity is good. Fig. 6B is a plot of noise versus amplitude for the gD*
and gD virus. The gD virus, which has no specific interaction with the antibody on
the surface, shows no peak; in contrast, the gD* virus shows a sharp peak near 7.5

V.

30 ample 5
For this bacterial binding assay, QCM chips were prepared as in Example 4.

E. coli and S. aureus (laboratory strains) were culturad in brain heart/0.5% yeast
extract broth and incubated overnight at 37°C. A 1 mi sample of each culture was
adjusted to a concentration of 10" cfu/mi as determined by optical density, and
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"()-!110% . & ® ()-%40% ()- vs BWMIBPE: ' 'S %0% ;& ()- ! S
%409 () - In this Example, a SAW device, as shown in Fig. 9, was used. In this case, a
. 10 single instrument (HP8512a, Hewlett Packard) was used which combines an amplifier
( - 1 and receiver and controller 5 in a single instrument. The instrument is set to a

Continuous Wave and Power Sweep made. The SAW device was the commercially
available RF1171 from RF Monolitics, Inc. About 100,00 latex spheres, 1 um in
diameter were deposited on the surface of the SAW. The rasulting spectrum is

15. presented in Fig. 10. A number of peaks are observed, that are not present on the
clean surface. This shows that a SAWS device can be used to detect the rupture
event. The different peaks probably correspond to clusters of spheres on the surface
of different sizes and hence the peaks are observed at different positions.
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$10% | & () - S! of ong DO tie| hiAding-paitders dependent on the affinity, which comprises the steps

of.
5 (i) contacting the binding partners, one of which is immobilised on a
surface;
(ii) oscillating the surface at increasing amplitude; and
(iii) detecting a dissociation event.
2. A method for separating a target analyte from a composition, which comprises
(- 10 the steps of:
(i) contacting the composition with a binding partner for the analyte, the
binding partner being immobilised on a surface; and
(ii) oscillating the surface at increasing amplitude, to selectively remove
the analyte, or other components of the composition, from the
15 surface.
3. A method according to claim 1, for determining the binding strength betweén
the binding partners. ’
4, A method according to claim 1, for determining the presence of the other
binding partner.

20 5. A method according to claim 1, wherein the other binding partner is, or is

immobilised on, a particle.
6. A method according to claim 5, for determining the size or presence of the

particle.
& 7. A method according to any preceding claim, wherein the ligand or the oreach
25 binding partner is a protein, antibody, antigen, enzyme, enzyme inhibitor or
polynuciectide.
8. A method according to claims 1 to 6, wherein the ligand or the binding partner
is a cell, bacterium, virus, prion or phage.
9. A method according to any precédlng claim, wherein different binding partners
30 are immobilised at different positions on the surface.
' 10. A method according to any preceding claim, wherein the dissociation event is
detected by acoustic emission, .
11. A method according to any preceding claim, wherein the surface is part of a

piezoelectric transducer or acoustic transducer.
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12. A method according to claim 10, wherein the transducer is a quartz crystal
microbalance or surface acoustic wave device.
13. A method according to any preceding claim, which is carried out in a liquid..
14. Apparatus for determining the affinity between binding partners, which
S comprises:
a surface having one binding partner immobilised thereon;
means for oscillating the surface at increasing amplitude; and
means for detecting a dissoclation event.
15.  Apparatus according to claim 14, wherein the immobllised binding partner is
10 a protein, antibody, antigen, enzyme, enzyme inhibitor or polynucleotide.
( 16.  Apparatus according to claim 14, wherein the immobilised binding partner is
a cell, bacterium, virus, prion or phage.
17.  Apparatus according to any of claims 14 to 16, wherein different binding
partners are immobiiised at different positions on the surface.
15 18.  Apparatus according to any of claims 14 to 17, wherein the detecting means
detects acoustic emission. - .
19. Apparatus according to claim 18, wherein the osclliating means and the
.detecting means comprises a piezoelectric or an acoustic transducer.
20. Apparatus according to claims 19, wherein the transducer is a quartz crystal

20 microbalance or surface acoustic wave device.



