:e3eA>dL6T 0 5 JAN 200 A NOVEL | MMUNO- DI AGNOSTI C TEST METHOD FOR VETERI NARY
DI SEASE 5 The ; ntion is related to an apparatus and{rietJAN 2004
performng i m‘mmmﬁﬂmmmmm testing for veterinary disease. In particular

it isrelated to the detection of the presence of viral or bacterial

anti gens by rn::asur}é?f(f;6 specific antibodied in aninmal body fluid in which
viral or bacterial proteins serve as the antigens. Hi ghly specific

anti gen- ant i bHALEQRBHBMNVENTEONare utilized to bind antibodies onto a
i ezoel ectric t ' i [ and
b PR RBIEROSTRS et o0 ik, Theuhicionisease

ot her materi a I'um nat e the background of the invention
or provide additi.o I especting the practice, are incorporated by
r ef er ence, ar.%.}‘b.(g@ﬂgmgﬁare respectively grouped in the appended
Li st of Referencesrhelfredet inventivetierrelaad ytodamagprestus candatsothed dory perfdrmingost
common need for diagnostic.testing is.to diagpose.. di , e 1y
i nvol ves t est impnedipgnostic t‘ﬁ?“&f%‘l’(ﬁt&g%fy Q}?C?Sgﬂnggn%ugag{t gsrr?lg“]@&g)r%}tmygg%%@?n%“%r
anti bodi es t 0,080 of VA Yt bdcRAA bntiFeisity dehaghesegifiaatibaiiasgn quirna badyt fldioh as
viral isolation, virus .y neutralizatio ,aﬁl at e g@ﬁl utinar | gnén_ ibod
hemaggl ut i nat #bishivital pr bactsral Rrofeiin SRAYSr 35USF 3PHESRS 4 AP BB G Cal
cul ture technigues.nsaiafipdessin Miibsdilsiottoalpiearakicnigceystaltranainckr fdridetettiager 20
chromat ography, are very slow and costly, requiring days or even weeks for
confirmal®on results. To accelerate and sinplify current inmmunoassay
t echni ques, t B! Mol antigenanti body reaction is becom ng
increasingly important. Techniques such as radioi nmunoassa RI@X-'_ :
i mmunof | uor escenceThespdlicafipm/apd ethirynvémalw@ﬁwﬂﬁfﬂr\%%%%ﬁf %%fi‘grg d #ithsn) )
and Vestern | TRAZR PhrotisfHauifieicallontheail He gRERS] o HREI0RAA by kefaercsand and
have are used in veterinary diagnostic |aboratory nch\A/adays. Most of the
sai d i Mmunoas stayenemisneorrtepeaively erotiped it te apperdled Lika! RECENERE! ati vel y .
expensi v equi prent, gL Sld igfhoARNABAARY. heffRRl cohfivhedd TilidéRoiB E@i At | ON
and nul ti BI e proceoflures. or "exanple, a traditional solid phase sandw ch
i mmunoassay f ap diagroad dieaseeidthasially invaivds tpstingdertheipeagnoprelivisalior BATteEd AiEeR%s t he
=+f-0l | owi ng procedures. lppbi Li 7| i t L 9810h Rkl StatioR, WBru30
.solid support ,°r(a'Lb{)b°§i85at§ﬁ°Wg_r %nﬁi#ﬁh@gﬂgg%tp%g%gﬁgmi gen fr.orrlys? ep (a) with
“sanpl es suspecieatalphtiny phei agplntinatior, ihgoagghnination dyhibiden, framunogiffusign, classical
ant i body/antigen to for i noconpl.e s Stk dasht hy, HnR UBRCRYER| ex
of step (b) V\,i‘f’f?“(tk/éoé?ﬁ'% c'ggulteufefonq%g%rrqgéhl 13s‘f'sr‘?ggrgéltcaltergent ngFig )‘rem)\(e wo 5
JAN 200 220nboétnsinaackidphye are aery sl ahd coftlt) reising disis gr evereweekoroatimgatiendesyts-h an
enzynme or radiQl abel ed seco ant i bgg! O 1B 3nS &0 drhi KBE Satigerd-€)
Separ at i ng the?%ﬁcﬁgeﬁatéﬁ“dgs ?yecx 7 O u%%sgadﬁgléh gﬁ%’l ed seco%ﬂd]y gﬁti bodi es by -
washi ng, (f) Reabbiyngadibeisdaosinigdtcrasingy éxporattleshrigepBghes AHPIMMIBOREY as a
substrate for enzyme or radiol a k GGt b& edA)0mdcan 5
be col ori metri ?Q?Pymﬁﬁ'ﬂ?%f%‘:a’?“ﬁ%y ﬁ?é)%&y?"g I oeltdgrgltnope- or e%};%- I)ab_el ed
second ant i bodwedsrd ingnuaciay W) boe dovescopsidesdlerdserpas ob fuserss Bl haereusidindl i ng
and increases the cost of 't gﬁ% atsfsz%%. ‘I;hse mul tiple reaction processes and
| ong i ncubat i ofSFRRE TEGOTF FoF2RY BEdES r om i ni ti al sanpl e processing to
delivery of final remsbithesallimirasiys exreordsctdddn labazdftorieshptasaralatively CXRFasIYT
reagents, expensive equi pqent, and reki i Mold B &l Fassay
t echni ques di f FAERME sggg‘#jp(ﬁﬁs?ﬁ“gb@gtemém\?‘\g%ﬁ?g :{J\AI?IBBG ag%ggdt_éor or _under
field conditi Onsamp,h&apidnaltsolidphes emrwich neniriorssay derivisalor basjsrid aptigsy/antinedy
requi renents have |ed to th g vel opment of bodvAdati ipgmag' e@ssay
met hods. For eﬂﬁﬁ’?ﬁf%,"o‘&%‘t“&é‘ﬁ% ﬁ%wﬁ‘%wgﬁﬁﬁegarg%a@ﬁf‘éépﬂll?&%gg { ?qﬁnﬁﬁ%nbi ndi ng
assay (Dl Ap, andlivappdate)Rewclingthmobiggh uttibody/anigentfest teps) veithssaniplosqusnse§d f or
the routine | aboratory diagnosis for viral/ ter.ial r{p&gﬂ'lg;(s, I'n
these assays, afeonfHRias aptigenqpie gﬁ‘ﬂft(?"aﬁ%tafng%g)i/ E}F%st%ﬁ)gﬁdmo@;}%? sheet gc) and
sera are appli e dihe ¥RV mPXREfterS(bY Wiiswasking solydor campridiertigtergontplogsiedyear e
detected with enzyme-conjugated antiglobulin and devel opnent of a col ored,
i nsol ubl e substrate product. This test allows processing the serum
detection within a relatively short time (1-5 h). Al though these assays
have inproved the utility 20 outside the |aboratory environment, their
usefulness is s mlwuwmﬁmm t limted by the potential tenperature
sensitivity inh ynme-1|i ked systens, and by the need for the
specific anti i munogbobul in reagents (Heberling and Kalter, 1986).




Q her attenpts have al so been made to sinplify and nodify the traditional

i munoassay. 1 U.S. Patent No. 5,695,928 disclosed an i munoas§dy JkN80%

of the rapid detection of a variety 25 of test substances in a test sanple.
- The feature of the invention is that extraction and isolation of the test

substance occur sinultaneously with the,formation of the primry _

antigen-test substance conplex. The prinmary antigen-test substance conpl ex

is then cap dRim x vithlak Edyink ¥r AficlaBéled sti ti al

spaces whi Ch gl((izjcli Wﬁa‘@mﬁ%“g @ygﬁgm{egﬂll Ci etlr;}?ébg{ggectl on. S. Patent No.

5,630, 924 disotbaritodientp dym 4 smdwichreemplers (°)§ﬁ@ﬁf3é‘p$)§}eaﬁﬁwl¢‘cﬁ°“®@xpfm orm ng

ul trafast bi d|n ) Van | LL.ar. R i

el ect rosepaf’% I (ﬂlz@é (ﬁ])’flel%?}'@esﬁ&%ed bg %ﬂﬁf‘ég{g Rgmgéﬁél%‘%ﬁ%h%%[eg WS%hSaSGS

di scl osed acaysuadablas anssesybstate for thewnayms armpdielas)sodkt the eatalyticatactionsalt i on

emtted froma ligand/con te conplex formed on a plurality of beads

di mensi dned PHFAIPHMRCLS b@(‘fl“??ﬂ@d range of dianeters. The beads are disposed

as a porous nmasSThduse e Adiolsotapl- € emyme-tabeled $eaordt-aqotbodp dn the pssanpiloecadureg por es

of | esser dianeter thanthe e of .dianeters o rality
of par amagn@fsEtRIPhlFRy %&aﬁ%{‘?@g dingrezees %‘ggo% ﬂffeth%ac‘;’sna ﬁg?‘g"&ﬁ’é" %&iﬁg

field of suffdcedsahd kﬁ ﬁélﬁ;htto)iuhﬁ:@lﬁha&ld varspamdnits) sebplcpraasstigdd esway the
f1ui d-porous screen. S. Patent 554, 340, di Es?‘gshosed.an assay system

for a fl uid o§fnabresylts; Thereairaments fo5 |f%§9$#?é°dét°faﬁ%%‘}’8"§ FXREIRLYE CRRMET

conpri §gs a rlalﬁ% @a,@ by Rlaked 86 488 tBdiniaBdsiifRed tb Pérfonn oaide b waltequipedt

radi ati on, | ow conducting conduit being provided in the | ens

ext endi ng 1Oah0rmve!m§@1f5¢lddpn‘ilh@“optl cal axis of and through the focal
region of the |at fu@ﬂh e&r)mgareqm{mmrams@kd s,cmesanéquameneb impeRAdo aj acent
to the focal region e conduit to arrest passage of begfls as a functl on
of bead di ar@Ndppméﬁh@ftﬁeamﬁty of ceridtimgmunpassy gnethedssFory eRpp

l'i gand/ conj ugat & COTPhE doﬁnﬂm@bﬁ&ﬁgh;siﬂDi)A)nﬂid%dds ganele agfg[@mﬂ[dﬁftébisam y
substantially transparent to th the excitation and fl uorescent radl ation.

15 U. S.15Pat edeNdOPGS for iz ro@ipe éﬁbg@toas@egnaswfawa*"bmﬂéa“g@aymﬁ’éw - these
COMPY i ST N0 8081yl RO AR B ARENIRE L MBSt A oAl Apicaag aBlortiippOT
and a spent ggen reservolr I nunoassay device directs the flow of
sanple and r mgesmps Astigdniantitodp cagieplexesearg wteat%m@zvmwwu&tqdrﬁnh%l?% Bt h

| ateral diffysion and RRESHS lleYseRim

addi ti onal Ptgllpﬁtgfm %%gog&%ga{!ﬂ%@e S'%Egﬁé P Itoaucwﬂ[%ﬂq’:%a%% pd| scl gs edsean
in-situ las edetmiq(witlma nemmmg$alye (LD A thewghibrse odsavs have RnprOYRskteRtiNe st ep
of B/F par attI ﬁ th?irl])grra 0 v1r en%‘éh{ %glr H.lglzf\hxm:@s 1|s %?Mﬂ{l@hmmﬁwb}oﬁxe otential

i Munoa ays b 1 420 i L I'C rmrunoassay permts a eguantl tative

det ermi nat i omnrpéraaretsansgetty mhmuhoi eogynessliked %@mméyy the peed kor it Séecl%'i‘qt‘gens

ant i bodi es, e and infected ceIIs in an
anal yte soI uf‘X%ﬁ“ rba \éﬁtw%g?fhn%oun% & i 8§r ee species, A 25 transitory
(lﬁncr ease in the n@gmuammrammbsmadetqsn@h&fanémoaﬁéhet!?é&lﬁﬁlqlM‘H@éﬁs%d when
he anal yte ti t. lyatigy Whil e
no such incr 3)0%3 ﬁeg%%gégrsf%gélfér@g&%d%&%pﬁgg abl ??)ﬁrll@{?:&gﬁl%ﬁl}?ng o?ll y the
rel evanpsr ea@emttSubsAnmgraeumahpleeThcd‘eanM oﬁﬂuptpfantwpwhat sxtrgptioniapbigolan
i ncludes a net i r adi ent - ener g a}!% al
part of the i'fF-&F TSR KUY AR af‘st); rna ?@é{,ﬁ%ﬂé’\g@@ perfornﬁﬁ%]dggtgg%ay of
antigen or ambmbl@ﬂyrhb §m1hh9 am@n-m{st sabstzne ¢og@hkaﬁth¢mmywémllw®é‘éf%@?‘
Bi osensors offer the in 0 5 JAN
200g 4 can bd@YORBRUSHY ogf“ttctrﬂ%a 55%8?‘3{ 1(?)r ﬁ la}é\/\ﬁgg&eﬂd%ﬁﬁ%t&m%onna be added
by unskilled per swrmeﬂ’axent Ne. r5ga80/924 \mmlosbdl chapbsitiorise mathads, ébq‘ é‘PPadﬁP%jl v
| nmunosensors ct the.antigen/ atioh
di rect égnpetﬂefta {Ring & E‘a%?FtstBTdé%?rsé ’L %@é 198%!&@%8 ggr Bf‘g&l&h%el&:“ﬁﬁroassays
or by direct wdamges in transducer output (Karube and Suzuki, 1986). For
the 5 former type of system the range of sensor transduction includes
optical, anperonetric, and radi ochem cal nechanisns. Simlar to the
traditional imrunoassay, these detection nethods generally require the use
of | abeled receptors and several preparative steps to the overall assay. An
alternative sensor system which can nonitor. the antigen-antibody
interaction by direct changes in transducer output, is a nmass-detection
sensor. This sensor systemcan nonitor an 10 antigen/anti body reaction
directly by the detection of mass change. The assay concept and procedure
are sinple and any use of potentially hazardous materials is elimnated. An
exanple for this type of systemis the piezoelectric (Pz) crystal device.
Wth this system assays both in

(




gas phase and in solution are possible. A Pz crystal devic§b§0n5|sts of a
quartz crystal wafer sandw ched between two netal 15 el ect

el ectrodes provide neans of connecting the device to an external OSC|IIator
circuit that drives the quartz crystal at its resonant frequency. This
frequency is dependent on the mass of the crystal, as well as the mass of
any |layers confined to the electrode areas of the crystal. Changes in nass

on the surface ofjgt ﬂfh%enﬁ‘k@fst%?% &daw&dqbﬁtwﬁfom&yﬁgeﬂmmwy defoetionodr t Z
Crystal Mcrobalance (QCM) _ device. The use of a piezg

tri
osci | | at or asdistiomerniged from 2 ligapdfeaniugate complexdpmnsA opap E &f@(e?sé‘gnéfll onshi p
of the frequ do 5,{,@3clgasgf“ téRuEr yst al
descri bed bﬁ@@e{ gdgppovvl n %%ﬁuﬁ?%%%g%%%%m%ﬁg ) ~n vwllnere ~F is the
measur ed f r edjaency adhidfpbroufsreeshaving ppranefdessanidigmeter %@%ed’lf diapgtepsof

Gepost tFon, perl RREruR @i napi el SR RERIE AR ppublaRiRe,

Itg is the sieepdf siimduitunaex(sﬁy D4itay thOpargmagnetis’ paﬁlclss  thiedluidagrang iscregmar t z

LYot NG TR0 RPN e AR R Uy S il RS D

predicts t haémp‘ﬂoyfhglagfuoﬁm?ntoég Ttspstah cmprisesadmstc@ahlebf foqusnotictrsitafionof

about 1 Hz. 30 Pz crystal, 0sSensor chno j nati on
of the use omdgugssceptipdiation, ?)ﬁi‘)‘?gf’ﬁ °?’ﬁﬁ85’?l°?’}d§it %prgﬁ%éan |Eeg§e’§%m{§ody
i nteracfyl on. yrahdRrdBYoflthe GHREI dxitCifiand) tiRough the PBcd rewn &Qﬁbfllaserl OMRIDOBIERSOr | S
the surface nodification % whi ch a seg} itive antl ant i Qlﬁld%éretcept or

Jayer is cr emechpniephscragny arg digposed adiagentin the focal regignn, °e°°§ ?%“ec? Adsor bed
sel ectively.y Rod sufion? bOb&H Midni¥ree bTHel Beadsl precosfedCwithnatt IRt hatdittgatfison of a
b| osensor |nc ude physical adsorption ontg a support ( tal, gl %:a%/nza ),

ent r apment vungan«ivwnang#emmeg asescifigbindiap tigagd, BferP&’lfﬁﬁbhf ftagtial J’B‘E en

(Wllians an%@h{:} &cltglgg@dﬂl@gegcemgmgg have di sti nct advant ages, for

exarrple S|ca Is experinental ]y sinple and regarded as.a mld
coupl i ntp rret hod t%&tpaﬁﬁﬂéﬁeﬁﬂég oé{)@ﬁ“é‘?sﬁl h@?id\}’i“f‘V““F’m\éVé’P °°‘%Pf‘st‘§rﬁsé‘?%\

situati ons, F&ro ertaR AHR WAL a{s%ﬁ{§l‘egée%t apfortiafisa KRht Pigemi rd@ras. Thgh a
surface | oad proteln as coval ent co &I Ing. In covalent inmobilization

met hods, cheirmmerioatsorigsiceditsctrtin Bow ef A ~R oSt il thedaviceR 2 FRRaR
species. 10 Ail&\{ﬁgtléggbtgg&gl ﬂif}'uyloﬁ‘ﬁ{dsda@{ﬂoﬁvhﬂPeaQéantHoﬂﬂMebésZi@ldf@ﬂdlﬁ@tﬁ&mE‘S
coval ent bi nd I'ng provi he highest irreversible surface | oading which is
benefici al f extemblensmsitivities of the sensor. p Mreover, covalently
bound prgtei ns arﬁSr ﬂt@nttll\l\éekﬁd’@a'd?stzﬁ&h ah 9n- Ezhﬁlaé@pﬁxﬁé’rfeh@ﬂﬁikunﬁ&@@' amy. I'n
general ;"the prelTmhary re uirements for the protein i mobilizatign. are
the mai nt enameghodiwhinhtelimingted the siep pf B/Fisenaratiomennerallorayited oy thylabeling metied n g
adhesi on of t t AnfaRA! § HRRBhbve delefrhigstRAtof a

i mrobi |i zat i o??mﬁ'?rﬁ&sg% piral%vliﬁ%inn%aﬁcgr ent E%ﬂg%r?ﬁgegf ormance and are

@w table for tatgdtixmnmwtogtcylpe@tame for exemplpgntigsnspantibedigspymphosyes. Ygses {Yr yse

f an antigen.g an% éctgé Xﬂfsain &Oﬁgl'yﬁgkom& deiRasg béth %&n@&ﬁn@@&@%f&tesah
(1972) and vvas sorption’of antigen on a | ow energ astijc

coati ngz25nye rtbanto@ n@c@@% in the magrictophdretic scaterigiz pf & lpser hserp isphterigd ‘f"

providing a |aygr co%tg?ip InGorRfic-fhfdiddl ﬁ&n&%@@a‘ﬂﬁ?@@hx@‘% b&ﬁ%reﬁéchboﬂ%é@&&inns
After coating ?rh %1 lhe crystal ‘was exposed to an unknown anount of
anti body sol utdootml temelutxmmm@neaemlvﬁlnrdb@émspnénfb magnetpphordic &le‘@éﬁ’?rWat ed
crystal resulted 4.0, th : t SBHYRTNRN

caused by nas¥ B‘S%fiwmcllg%grgg%@%@%c%d%t éelﬂﬁg codﬁgﬁwgﬁon of tﬁe specific
anti body in saﬂthetmmmLMIAJ S Pat ent No. 4,242,096 disclosed an indirect

i mmunoassay for detectin { S he W4 6HardN
anti gen fas coval EW[*ﬁ R El(glnljto Hor%‘rthés?%?y haw %Q, éaﬁmo}@/}%ﬂr nmonol ayer
such as pol y(aulggmhhawy$asdd lmieimpt Brmamsor&qf&stbae@ﬁégges GfM@XREBﬁIY?quPm%PtﬂBT ymer
primng surface foll owed by adsorption of the antigen was al so disclosed in
U S. Patent Nos. 4,236,893 and 4, 314,821 ) anong others. U S. Patent No.
4,735,906 disclosed a nethod for protein imobilization using a crystal
with a surface nodified to forma |layer of siloxane 30 polyner, which in
turn i mobilizes protein through am de |inkages. Bastiaans (U S. Patent No.
4,73s,906) disclosed a nethod for an i mmunoassay usi ng ST-cut piezoelectric
SAW devi ces in 0 5 JAN 2004 6 a solution phase. The surface of the
crystal is nodified by silane derivative, glycidoxypropyltrinethoxysilane
(GOPS). Singapore Patent Application No. 9801211-5 (S. F. Y. Li) disclosed
the self assenbly inmobilization technique by which the performance of a
sensor systemwas greatly inproved conpared with other inmobilization

met hods.




5 Reconbi nant technol ogy plays an inportant role in protein biotechnol ogy,
by which large quantities of reconbinant proteins can be genarz%a@p he
products of genetic engineering. The ai mof producing reconbin r i ns
can be grouped into four broad categories (Franks,1993): 1) To obtain |large
gquantities of a protein; 2) To study site-directed mutant proteins; 3) To

produce proteins for biotechnology; 4) To mani pul ate netabolismin vivo In

particul ar, fQpe é&n%ﬁm@&b?&tla@ Q&L &F%ﬁﬂe nﬁ_b%&d@&@ﬁﬁdﬁéﬁ'ﬂén@&ﬁa@@ﬁ%

requires large quantities of structura we efined proteins as

i munogen  anwsubinwguidiideaiiyt beaevailable rapidiye dnmurpsesass carndatest Higsanfiganfantibadii ng
Interest in {o'ﬂg abbtfonCLithdd b§! difdbt Q?lﬁé/eﬂfi{'ealané B?sgfaéénféma%b& E'%imﬂla{xogu%d by
reconbi nant techniques, as protective | nmunogens 1 n serologlical tests. For
pur poses of inimumoatisays bobydirect changesinrtansdacer oyspus (arvbeand SuaikiithPaa.rftor thet i gen

is a prqtein.or antigen prepared f.rom an qrgani 5 cell or fr a
.descendgnt o?ong?{%g?e RS OF° TREE Iofffeﬁ'f%q%ﬁ%lé%%%mg@ﬁé quéal’taﬁlgerﬁ%(% & %{Eor

anti gen has hértheali@hmechaishsBiatilat to thdaditioad ihmnmassay) tiesedateciammbibods f usi on
protein. The present .i Vent"irf}?ﬁrf} conbi nes ahe P traFlsd ceé tBo%,eta\ﬁ)er with the
reconbi nant BPERL US4 4G oAb ELeecRiPrs 99 SPROF PR I TS lodhs QFr iy or
bacterial di ggagéndtive astissralSem, Mitic @b mohRérahle Ritiga-ansibady iftenstivh Wyadirethus

moni tor anti %en-anti body interaction directl b,ichisensi ng, the mass 20 change
of the cryst SHansesin fansdyserantnyh (‘J\Pe'&}asls'@etﬁ‘\'é‘%é?“%‘?’u § $P0300 &FteBheaRgRaner an
limtatipns aftighd/afibbdyoresttion BReNP 8% FRYdet¥Riion W SnassTdhangeh Yheoassayacdvespt ages

provi ded by the novel technology are the followng; 1) The system has a
fundament al POgedusate simple and anyEe pfotentialiy dazardous %%‘-als‘?d%ﬁhﬂb%edr F"a?)p?"l'he

'f undanment al  g@eiiORpTdy R i Bl PRACRcRIC EP2) By Rilidvaley With R Ssterd) asddySb&ARE t O
realize realtine di s(g'l ay of the results and rapid on-site testing; and 4)
M ni nal usagé&asrhassandingelutionpanossible- 25 and use of unl abel ed reagents whi ch,

unlike a convent iR@%'cht@lQﬁbx@éjcdnmep@%ﬁy crybt8l walst Sand IR Bkwdes th&sial | Ve
and allows for stable’storage and shipnment at 20-25 C. Sal nonel | a

enteritidis eBeyodessThe eleatades ppvisisimeansiobeonnastingsen devieato preripsnal gacillptar qingalt | ast

ten years SEyhRg:ReRDRRExfka bt rGEhIRRienSR IO RE]k Ly I04PLVER Sn i GHAS od

from humans w't ood polsoning i n many countries. This phenonenon has been

associ at ed wiof tearysiah ey welkts thamash of B9 lavensisenfinedio thenlgetrpdr asaes okt grystal.

cont ami nat ed i, &GS AKPEANe HARLRIHRLAALAR d BERAO MR sk

i sol ation of Sa nelTa fromclinical and envifonnmental” sanples are

| abori ous, | evigiobalanca(QEM) devies. Theanseofa pieasetretnis (Rzboscilipfenas pngtenist bipyedieal fy al |

S. enterjtidig:i I ] b ds @linR 84 Wie Quid:

Sal rmnelzpa ef?x}sglrc]%igagén&grtlﬁcf rgﬂgﬁ%ﬁum#%%ﬂ&g%}n%%eég%ﬁgt can blélEpr ogessga.

However) chi citnsryistaldssaribetl by thfollewiag papetiofier ot ypes like S. enteritidis

devel op a persistent imunogl obujwn _ tyazt he i nfecting organi sm

Thus, mass serol ogi cal screeni nzjﬂﬁt or Qafr"ﬁ%{gﬁﬂi%ﬁ?”é)ct ed with 5 S. enteritidis
ffers a rel athcwahFisdivanpareddregueneyr shifi Feie the Suntlargntabirensency af the PasyddlaAt hat

it gives at |.east f ol xRt t al.
(1986) “ost bl CRasrs iR, Rty RELBGE: 83 P REAE el RO dlg Blus EL.
net hod i2 basedrtoerystild2 64%gimnT)and b, s teap madwus GTdaS sap ' ipriAFcy novel

finmbrial antigen ter EE 14 f] ISt ri.bed in strains of S
enteritidis aﬁ‘a‘qﬁ? S-t%:ggg{hgcrjnagsnse‘t‘%?%gh%de ggeg.als'Under the typical ELISA
procedures SEF14 10 specific anti bo@i=dFffmppthi cken sera and egg yol k were
detected qual it at] .U S . Patan i 689, I.S€ : f

det ecti ng the#(’ﬁra ggéﬁ%él%?d 3 ﬁ@%@l 'F‘gsls\?er?m?‘g%% s"g%g%s“? %&Fﬁ%‘%ﬁ%‘sﬁgg%& di ng
at | east one GNAfpdsoiptiomleadsiio 4 fequensybhapgeodf abat bHei vel y hybridizing to

Sal monel Ja DNA to form det ect abl . C1 S wWth
t he bactjeori aint écfy?)%lg)a%e it %nogeﬁgg%?r%gﬂsith%(r%ém\%}vﬁngﬂggw%\?v t ei)%%g%’e to
hybridi ze to fateiimhbtaliZaiivk, pnd aetigen-batitiody tittegactiondTheakgyl © copstfusting ayRe i d
DNA conpl exes, and detecting the hybrid DNA conpl exes as an indication of
the presence of Salnonella in the food sanple. Porcine reproductive and
respiratory syndrone (PRRS) is an economically inportant disease in pigs
wor | dwi de. The PRRS virus (PRRSV), a positive-stranded RNA virus bel ongi ng
to the genus Arterivirus, causes this disease. Current diagnosis for the

di sease i s based on: 1) 20 clinical signs, which are used as characteristic
in acute outbreaks, but are not as effective in diagnosing | ow grade

di sease; 2) virus isolation, which is little used as it is tinme consum ng
arid less reliable; 3) polynerase chain reaction (PCR) testing for PRRS
antigen; and 4) serological tests used for herd profiling, which include

i mrunoper oxi dase nonol ayer assay (IPMA), indirect enzyme-I|inked

i rmunosor bent assay (ELISA), and indirect imunofluorescence assay (IIFA).

~ - 1 N\ 7\ o o o, o~ A o o




10 di agnosis of veterinary di seases, which involves the detection of viral
or bacterial antigen specific antibodies. It is also an objec{ DfJAN004
-invention to detect viral or bacterial specific antigens. It is therefore
an objective of the present invention to provide a nethod to fabricate a Pz
crystal based sensor by using reconbinant protein as receptor material and
to performdetection 15 for antigen speéi fic antibodies. It is another

obj.ective of, the invention_ to provide a,sjnplified.and shortene t hod for
Chb et oot | oPTROREROTS he e iRy Suich TRpipieSieRl o ofSY SRGles B
_SUMVARg_ OF Ti@&eht%/w&t]}l{e t&@etlﬁhﬁ{t@fr@ﬁ ﬁig_fsarﬁ;ﬂe/@ﬂbi: ﬁpmémledﬁflya rre:]hog for an
i mmunodi agnostic test for veterinpary di seases,. whi ch .invol ves t et ention
of the presence d&fetheds efipragin ‘B’é&?ﬁ’%‘ﬁ“ﬁ?“ﬁaﬁ%&é ciffon &&[W"Sﬁﬁ?’é‘éc?‘i%pﬁ?@ﬁlu The

appar at us ac&ﬁ&?{i&goﬂt&a AUPBorR ERAA or pAGINGIYl Rfitraptheht WHIOS RIBSBIand)Mahd bovdals a Pz
crystal as reaction carrier. Accordi ng{hi%“gnot her aspect, the reconbi nant
f

viral orS bacbiadingto thersuprge (Wilkamsasd Blan Ik mthodp havg distingt advamtages, fo5t o) to
work as a Segsa}nﬁ' islekpéri it QY hikEreSaAiRd 4P RADSRpAng M&tRod NaANgeE
caused by thé a Ff%@%—gﬁgﬁﬁcggﬁif%ﬁﬁég%ﬁ%nﬁ_‘on.tﬁgfdgurface of pt he cr(;/stal.
The Sal nonel that peesermesiprateln sctipigEHowevepRRNainisnaions, 8 gavheserpryhatieyestblg and

fabricating g Pz sens .qoyal.ent | ; blidoZ 18 ol
r econbi nant ggsonro IBEQﬁ%(? ag)r/hé e%(n onétl%gﬁgl?r?%og%&g% k%ﬁlg crygl'ltida .lpT%e fmt

t echni que adamhetilizationendthods, clgbimical wndscreaopade between dhetsyraghiind therattachedsepeqigs.

m ni mal _anou of the protein,i Kk I | ' : : Ki ng- -
by cort A Alyiep s HSiel tpl bt AobiEof QRIS Braifl bR @5 | T
be detected highest lirrevaisiblecsurfser lualingeghicly &l bepefjsial) farahe sensitivitiescef the eenserspect ed
to contain SE,or PRRSV antj bodies.for an.appropri at i " JAN
2004 O time (MOTERYESERMBIERLY Rup H'c?ge'_'iséuesrg el veqidlant & the %%(Faah? ‘?“é%“é‘ Hlé’lgsé'gn of the
fabricated crgsda) thbgfelinmadtequirkiats fon tha peottdio immatilizationsypetbe meintapese of

neasured. The frequepcy change,qr. absence of, a freguenc n i ndi_gat es
the presence a&‘l“"‘&%s%&‘&ém&fm gf tinding, 3o ziﬁ?’ﬁgl%%}ﬁf'@%?ﬁ%ecso o egr%{‘]’%eoglglr‘éo{l’gleg

coupl i ngspr 0GagHFtEDifferEd @hmblERARInGhithodSjiravidesifferant weakongprfommhierngd e fiieble

bl ocki ng reagfent, and the dil uti Fn. 5 %q.tldo of the detected specinen are

di scl osed. Fitgidierent fxpesofopgteinsde peimmobiliged o, o ystal sensor system Figure 2
is a flow di agr ampad @b hl@itihes PRl doatng@anddronstiaied by ShoRyet sle(198) wi t h
a 10 specific sensing nateri al I? er on it and gl;!)‘b?cedur?s for e{r;t‘,‘ '0% t he
sanpl es. Fi guind vgs based oprjadsgretinn o anieeh orp { A Ferey st sptifg nYHe &; Bj ¢8Bati ng
process. Fi gufitifn NOVE[thifréthdtifli lehRnd) brodiding a Sayas@apablear foriing Gedrepttobion of a
target antibody. Figure 5 shows the fr,equglng% téhang(g cgg)sed vE;OSi tive and
negat i vecont bopfiswithgrroteiay A&ercayinsdIthaiesn e &t Mas FREPEd AN sEtpa amoys!
Figure 6 shovx@faaﬁb%a,f SRBYE NRY it ABE&:tibObetvdRn brlilodyand migakenedayaalsaniddes
tested for Sal nonel [

) a enteritidis gn%i bodi eﬁi. Fi gﬁge 7 §h(3vr\1/si8§6 Pz.sensor
detection resifithedmpmypobindineaf th gbedy, FreAunes i @y RY BRI R LG & RIFREahd 12
ﬁr;avi ousl % ch%rtgé:goggeinm{gngpﬁa%ﬂemggmmomhk&utioﬁggure 8 shows tpe e 20
el ati onshi et ween protein binding anpunt,.and sensitiyi t he .
fabri cat ed Ilgz Senslbs._lpapqnbﬂqa.é,ZgZ,pr %lg‘%qﬁ?%pa&r‘w"ﬁ?t ‘W@H%ngréﬁ%é{?cg‘%ﬁ POER 41
Pi g serays G oyp, PuidsahfRl in WaREbh %RigSPRER| cBlendy EdaRed Bntb S cpei liaving aolymen| s
and group Cis unknown sanples. Figure 10 shows the reysability of
fabricated PRREwolper sechsrsraely(Ehyip-3rdimpthylpmine-1¢4rhutangd, lsaFet P& g,élgfp olymer

regenerated PERAY RE R RiRVed b Mr?t_iomof Fhe2h@peR wabaltd Escirétih 1U.S!iPaenti¥osa
regenerated SE Pz sensor. In both ti

gures O 1s_posjti control 1 IS

posi tive cont #3B6,893 Mmddhil4.821 aginegRtherhd)-p ipésnb Nat ’m’gégidisﬁ{)sfd(?fmﬁbﬁngbm c

acid sol ution ei@ﬂg?ng'&ltiza&é)x{ e ﬁr?talw}i{hha SurfdsealodifiedR3 fofinNg Diyervéftstiodant hi ol
sur

conmpound treale ace. Figure shows the regeneration a({tz‘lci iPtt¥ X
di chr oni 80 aci dokymenwhighinten imnebilizesnrpiein Haevgharpide g%b&ﬁ*f’é%‘ PR %d
crystals. ) 4(,)13 §90]6§‘B{s3&gd a method for an immunoassay using ST-cut piezoelectric SAW devices in




10 DETAILED DESCRI PTI ON OF THE | NVENTON The detail ed procedures of a Pz
crystal device as a sensor system can be understood by reference to the
drawi ngs. The conventional Pz crystal device design (see Figth JAN 2084 a
nmetal electrode 20 5 deposited on each of the two sides of the wafer 22.
These two el ectrodes are connected to a% oscillation circuit 24 and a
frequency counter 26 for generating and®detecting resonant frequencies;

respectlvely dar hods .suc t hat . descri hons, et a
(1972), use a ?@f AT éﬂf‘f s‘fafmg‘gﬁ‘fal?ym ﬁ@“et WsTEAt¥Et r odes
on the doublgkycﬁioﬂmopymﬂetﬁdiydilh& (GO@SDSingqbdeatewmﬁédtlbﬁiﬂo %ndmrsy(stra.l l'i ne
orientation f L he rtz, .the tion of a volt e et ween t hese
el ectrodes r '§°‘f9=ﬁ9§'°§ﬂéaﬁfe E?'H‘gf?]fzﬁtr‘fmdfchf“ﬂ% e B vy raanes| of @t 1 odes
are used to gemﬂ@@teﬁmaegﬁw idpioR&l d@h@&&dm&h&hrﬁm@@nﬁﬁ&%&%cﬁr to the
surface of the quartz wafer. The oscrllatrgf field produces a nechanica

oscillafion, a sResembingntipshnology playspaingeriant wic impretgiabiojechngiogy. by whick laegeance
oscillation 4@@@&@%@%@& broeins g bg dnBite bR frbadch oageneé&éngin ng Myl reui t,
where the electric and nmechanical oscillations are cl 6sed

f undament al #imetpredveipg wpommrenmrglw bemseupadintg Sy broag datggpries rkaa 1993% t he

frequency c e
known in thgﬂgfrotébta(lﬁ(%g% %ﬁﬁdef%?ilz%glﬁt |I{1gggt awfhp%f{e recgm?er n 3ﬁ(;rlé‘ghay
(1985). The ﬁrmgmmlfonfbr@eﬂheﬂw, dcPremeanipulate mhtebqhbmcrkwecslanarttchbr,\ﬁaf er,

its ch cal ed b
usi ng E%Lnrvers@?q&%%ﬁ?%¢$aﬁﬁﬂﬁgﬁg¥éconnn%?gﬁéélggﬂgyg?ﬂwggggghg&ﬂgg' or
Mz quart z iwelt-éedinkd pmecfs a3 QmhGnagen elidsdogyrdtia ttrager clnapgenioydarsptheleyha bidn 20 ~
ot vehBh e o B2 el iy oot Wllon prePb S hinedo iy
di anet er andte€hnjuBayag b\b@&%&ﬁmuxﬂgmsgmkddol@mcteﬂndBoriparpSsei oflisciiseloeirera and
100 nm t hi cknes is crysta S a nmssS, sensitivi f about 0.902
oo o Gt el ok P pfanl 0Bends SBORi Y et tales Mogl v o

pr ocedurses i axckllicterodba fadehdmadfian Brgﬁ!ilsrﬁ becelt @it @hiclangent e tidekR€ih bOantigén t he

sanpl es. The f br| atio r t usually involves
surface modi P g e‘iﬁ-’qﬁﬂ\er@w “§?§’é‘ﬁ’ (?"g l?)f;aé‘i’ ?‘gpnpﬁ‘fteé?face i s created.
The assay is bas €lthe pﬁsehhﬁvefrm@rwfnmmmlhd Ranransiucar tsmet witlcthe rcanBiaink pﬂmeﬁmt 0 a
frequency signal.. Wien exposi ng,.the brrca ed .sensor. to.

|t eract | on DERUBERIGES MR PP e A e FeR SEERRIn ATt Dot | n a
change of f reﬂuenmseﬁ;bgmlthusmnnd& aafigenfaftive8 e thtdra@ticIdirecilt Bt $evisihgy the masd

qualit veI t|f et irectl JAN 200 11 Figure
I ond e 7oty s P s bt el e et e migions &y Soaiiong g o

blh osens?r and?mﬁ]ﬁ)ais@ﬁfﬂethgdsf)f[hééﬁﬁﬂwad\ﬁhﬂh@g prdvlmea (bi]y}&tl&ivel ta&hrmelog)ﬁmrcrh tgell arly
the surface t he el ectr t e Cl ean snin Wlt

appropri ate g%‘f’&‘,“gbggi“’ S%WB‘*B?@B’H&%"%BF‘&WB% andjgan E%%%%WV@H“GP ‘r%ﬂ“éPrRP
surface 5 rm(hbfj)cmémmﬁtﬂ@esﬂgﬂae@perfomnmwra@twe@tsmm@mggasaetrkmd@rear e

ddopt ed. For ex to build a . thiol conp based sel f assenbl

monol ayer, h§me %%ﬁéhegeﬂfﬁn FePid ongil feting; eﬁ‘ﬁﬂflwref"srsgﬁ pdusgEaeral

consi depgd. kit udi dfamdetsd bddidn@Nwitieh) ugiile d éddvakiomYabersd Ghmaimgssagdaniligss and as
a result a hydrophilic gold surf?ce can be obtained. An alternate washing -
procedur e, PR @R digaR @ta‘f A storagr a0d shippent #420-23rGst al i n base and

acid alternately, Sa@r%heb&-‘eﬁ!&ﬁﬂz’zsf(%) P8 i Froﬂl@mff&dhécpoﬁ&tyhﬁﬁstwa\f[ﬁ @ 1&oRki ng i n
base and acid, rinsing steps wiith distilled water and arganic chenkﬁals are
ahw iy

per for med. THEAS S asrheen ofe of the dermineny Sonaiia sgrotengs dsglated fromdume asur ed

as Fo under gbNoff A thdny Ro@ftsks 2T HIPBHRAGdnGn ﬂzrsea%&urseomatda WilhCanRh&&Rn the
i nvention, several conventional protein imopbilization nethods are adopted

i ncl udi AY di meeberﬁﬂfygrlEmnd&aecfprmmlaﬁedo\ﬁrfbm%Sﬁ gerpfuhes Bagleriplogisab technignes for

coval ent  bi NGie&h144Bn dBatrffei flof WEinitdl @R dACirdninkhdhmple¥abitoud) Idngihp hn@n a

t hi ol conpound nodi fied surface, and physical adsorption on a hydrophobic
pol ymer (polystyrene) nodified crystal. The physical adsorption of protein
on the bare gold surface is based on the strong and irreversible

hydr ophobi ¢ and thiol-gold interaction (Horisberger and Vaut hey, 1984).
This nethod is experinentally sinple and it does not require any chem cal
step to nodify the gold 20 surface. The adsorption is achi eved by

i ncubation of a hot Piranha solution treated crystal (Fa) directly with the
sol ution containing bionol ecul es and all ows the nol ecules to be adsorbed to
the surface of the crystal over an appropriate period of tine. 'The
resonant frequency after incubation with the bionolecule is determ ned as
FB. Fo-FB is related to the anount of bionol ecul e binding. 25 Coval ent
|nnDb|I|zat|on |s also connDnIy enployed The procedures of covalent

Y b1 oy - .

{



10 substructures and the polyner (Crowher,1995). In Pz sensor fabrication,
t he bi ndi ng of protein onto a hydrophobic poI ymer nodified cr@§ AN szuoased
on the use of the idea in this reference. This inmmobilization concept

quite similar with the traditional imunoassay and is. easily accept ed and
under st ood by those who have a background in i mmunol ogy. Corrpared wth
coval ent immobilization, this nethod is relatively sinple ;> nce only one

pol ymer nodi he REQEREET 4. 5. Usrirfis-ihle@ed ﬂd’c§§ b&ﬁl@éﬂ)ﬁtﬁi intdriteaeded
before the celr)a&gltéal 0trchsc}ren?yose isyrthe protein to be i muobili zed Al t hough

there are a miurbef Sa&ﬂomﬁ«t musthn@ﬂd Ee Wb of pasnlsnikst Fan; beprocgiied: HoMg Vel o
defici ent fo&h{tc‘ﬁ&g 1r9§ctéd%tﬁ lr{vgﬁvce%&ﬁtyf)ésrlkw RRErldis dE%p%ExQ@t@nt%m lob@lindepends
on the properties of the bionolec be i mobilized and the desired

per f or mance Gfrespinge todhedufecting organisun dhisemess esrelogical sor¢ening-fong fogk “Pfﬁcd“rdf‘t"@‘at i on

or the prote ted
i oh 1 et uat e gty EEY Bl niRiclich yRRATI PO R ARAE
relies on phast thalsanmrpeffdsrman@a* baatdsdnpﬂlodm Tbtimmale@t?%ﬂ) sstablished EEBH-Ragednt o
the crystal fr | uti bIe ve e tion.
Thi's pr oceduF"e0 P%‘c de\F g’é dpﬁ??d& % “ﬁ@‘g%lrlspgissﬁ(g f\tgé E‘?@s‘(ﬁg (rﬂfrdt gﬁakﬁ

sol ution of thfufehsedyi it whioch @ﬁdvemrmial ztnﬂgdn@ermerhSEideasfﬂﬁd&nnbedm gaingdf t i me.

One probl em encount e W t h t egh i s, t r
rel atively | 8 geeryd ﬁ‘t“??‘ieégatf)‘% 'ﬁ%s‘(’j@ pﬁ"ﬁgo degy P éfle@#é’&fftﬁ%t&“ér%% 4 can
be imeqged ispkific hdtibodiésdroth chRReAeiaRM é@tybl@dvereﬁieha&eqhamamel}eUaﬁgﬁhtpma{q on of

coating material onto the surface of the crysta vl unme
of several mi*883Rx %‘F‘§°S°d|'ﬁé“°|ﬂt93r?§rd°tf‘§’6‘ﬁr‘ll?° e%cﬁnOfﬁwpgia R %Osdr ¥ egﬁf ol(r'?tg
‘period of inGehAed hORIAELIREA b ONK yebawhEN if apsblaotisedldtveyobybriliamgand
provi de a sufficient contact_ 30 between t he surfa ?r%wg olution. The

| atter one, rSelmevedia DNyte form dejsrtable ¢ogpplexes, r°ﬁtatér"§8’€ : 53%““6 i he

spreadi ng angy SYARLAL (il Shdifists Waidh altswdnd fiedeto rs:yeﬂdlfbao Salipoeilh BmAqfresmn 0
5 JAN 2004 13 uniformty of contact between the cr

sol ut i orl5dr opn theifeodisraple tor forp hybiid IDEA Gagplexes aqdjdatest ﬂ}?d’ty@?@ﬁgdﬁ‘f‘t’ s s| nce
the | oading Osartt gtﬂﬁtt%xmtp& D& safdbilain kM lsatgsl from the sol ution

concentration ropl et An alternative nethod quite suitabl & for
pol yner coati ng i Borcime eqprce*dcttve a@Esfe;ﬁm‘iaWchsda‘ifP‘ﬁ@ (PRRS) tstﬁ“s“?ﬁ?t"t‘f’dﬁy [PROTARS, yner,

di ssolved in (ﬁ% grut a%l élgg,[d\éeme PRRS b RusdPREPHh [R5ikife-idafied RIAvirus mmdg&xgl t | s

bei ng spun at a result the solution spreads ouh 8
thin, unifor ntofthe genuscirtssiviryshenuses thisditeassr Cyrpeat dipspatisior (i fisgpse 1§ fasg 8?)’0 atr on

of the ven J0AMR in hdie GibiidaRE Bubdre héiQs effsesivaln
Buring the m‘g}nlcapg%ngzvd@?ﬂeﬂgfy"@ S]E;l:u{r:ater ng “é Pz |nrrrunosuns?:)r t he abov

nentioned c oathagmgsntaale‘tmra%étsea% D virgvisrlign, WidRhys l&t‘f’a‘fSF‘!ﬂSd‘r‘s UBREACRERRE AN ndi ng
upon the & I RL&RanE0H Qﬁwﬂa@e RS AP ORI Wl K PRRO @G Oysetittal i ons

required. Figure ram of a contalner which js suit ?@e) Qr
ﬁmp coating t tegs et lerd mﬁlhlgaﬂmhmlqltﬁp “ﬁﬁ‘ﬂ‘ﬂ?ﬁo"éﬁmeﬂ‘@@f“ﬁﬁ?sﬁ indipget ;

de of micr os%ﬁlggkéleh %ﬁ@m%sap TASAY, Qr\dtlﬁdx%ttxﬁnﬁﬂﬁﬁio&kdeh{ccdesﬁy ORA).

di mensi ons 54 |s surtab e for dipping three c gstals

at the safe tine. IB;axwrah‘gatpmsslns oEMpine, Ushivs basasgries ofgptitordy dipenoghs t&%%{"
pr oteinis en(tlnu%htegngr daﬁg ikévﬂs)@ga@lena Hﬁgﬁ{us QiQetabeg@ﬂ' mﬂﬁa@%ﬁﬂnﬂnél@@ﬁ@ﬂhﬂlﬂt i on,

m crograns of Extract e éinis enough for coating each crystal g
usi ng an |mmmmﬂassﬁtpstandandm@sebvs‘mrest@Fﬁem IPBXXuﬁhPfh@mtpﬁ'é“V§éH‘bTa§§W‘€ re
nust be taken to pr.ey h A3 Bve@NinQfesd Eﬁféﬂ{tb&grtest
proteins to t K& Egét“é g’lhn%sgaﬁgﬁslgggf&{ﬂn F?sca%d sFe}nslorcstérl)anslducler
presence of nds, smgen-twmdepwf@ram dlbmagenty (inelyding CQZWH?JWP‘F%H‘“QQI:‘Y&E@BV%‘N on

of interf rl ng rgélgégulﬁgtswm? bgffgcﬁﬁﬁﬁﬁ'g&éﬁm P . )QI%tp?&ﬁdc@n[he&sﬁlﬁﬂﬁﬁW| y

used netﬁ non- speci f rption 1'nvolves incubating of the
coated sur f ac eompirides frbadicesy sarrmagrecubsf,lonbgnzvmr eomjugtied angbedy drcybation sf%sl“?\?e
residues can be occupied by non-activated protein. In a traditional

i mmunoassay bovi ne serum al bum n, human serum al bum n, casein, gelatin,
detergents, and nonfat dried mlk, etc., are conmonly used to practice this
aim25 (Crowt hec, 1995). In the present invention, appropriate blocking
reagents are adopted to neet with requirenents for different situations.
The bl ocking is achieved either by dipping the coated crystal in a bl ocking
reagent or dropping a droplet of the said blocking solution onto the coated
surface. This procedure is perfornmed after the sensing protein

i mmobi |i zation, so that when incubated with the detected sanpl es any nass
attachment not caused by specific i munoreaction 30 can be prevent ed. 05
JAN 200 14 The purpose of washing is to separate bound and unbound (free)
reagents Durrng the sensor fabrrcatron stage mashrng steps are achreved

o o T g,



preservation of activity for the immobilized protein, the other critical
requirenent is the stability of the protein on the sensor transducer, which
affects the long termstability and sensitivity of the sensor § 5 nJAN
present invention the nmulti-washing is needed to ensure the stability of
the 15 immobilized protein (FB') FB" . ). The frequency change or |ack of
frequency change between the nultiple wes hi ng steps indicates whether the
desorption occurred qr not.. . Fiqure«4. 5.2 diagr i_hi th i nci ple
of "the. f abr i gaputippd muflChennh i shl siestl SLGPTUAER BB LT O,
per form ng tWkolagbedire (fronpdontagiiag the idetectedtsarysielioals chatalplac)itakad 3-Daslys, icbsts ds. 28

refers to a crystal; 30 is the ted sensj. rotein (antigen); 32 is
Lhe 20 t ar geVSSHE b iy wiircteT-<gEped dtpefort T sHLSL PR e S PRHoTS ¢ he
bl ocki ng nonthaaishyss ARKGUER these adayy PProEednd be g accarale] samitiveaind speelfidBhe
represents other serum conponents. This detectjon procedure accqording to
the present #evesmentiopedlimitptipgemaketdiffienlytoperiamm alprgsrumber of ogssitesersening tegie
resonant fregisenedd Ynditibs. coated and bl ocked crystal at dried state FR, 2)
i ncubating the test sanple solution with the reactive surface of the
crystal; 3) washing away unbound material and drying 25 the crystal; and 4)
measuri ng t hgpieSAYRME TrieavgaepoRfl the crystal FS. The frequency change or
| ack thereof "(betore and after I ncubation with specinmen (FR-FS)) indicates
the presence or dbiséhtstoredn objeet ofithe pigesut invention tqipravisie an apparaths padon¢thiedsfon
posi ti ve{ negad,.v.e: _-g&geée,g,- | LEvi ion
bet wee nﬁ{anti g‘%%alﬁgg%gﬁg@%g ant | %élﬁgnvfg}g%gﬁ%ga%ﬁﬁé hgwga??% P ?%Jdﬁ %ﬁ%&%i ne,
30 t enper at usmeyifiandtifidieat Itvihalehan dhgect ofcthe mverdion 4 datect vikad or pdcterial spE¢ific
itenperature f rmilsncubati on is nost commonly 37C or roomtenperature. The
time of incubation is several minutes to 1 hour. 0 5 JAN 2004 is

| ncubati on st eps kis theledorpanasbientiveiof the preseotrinventionlty prowil¢ dumethel to fabmigate A8z coat ed

crystal into _a speci.men or droppi t he, speci nmen onto, t surfa f the
crystal and SPPORRY oy SepfuERRIP ek BEAPRRL AR AR bl B fedbn o
requi r etls depdéstrdniigen sjfreific afititbodied. each di fferent i munoreacti on system The
buffering conditign, in the present invention, IS troll ed BS. buf fer,
which maintains s*%° ?lﬂef f"i‘ﬁcm%@ffé'évﬁm&ofl %?rngddc%sﬁmggggéngagsﬁ%%élf %ée,tgﬂ‘gforr eused
several ti mesheldateetidnfo€Salabnelimentuvétiyds.and PRRSV afecticradiedsecr ystal is i ncubat ed
Wi th a negative sanple, producing only a small signal change, it can be
reused to perform anot her detection. On the other hand, the used crystals
can be regenaraMMARMOUTHRINEENTIONN solutions to strip the coating
completely and rehuilding a fresh gold 10 surface. The regenerated crystal
can be gged to co?b%et PeEeptt Y‘f;‘?t‘%’tlﬁ%‘?‘%éﬁé‘lei%}%%‘fﬁ“ﬁ‘BQH?dgﬁnoﬁg‘g\}e%tﬁ?‘fva%émary

nmodi fi cati on.diskdied, Whish @616 thetdbiection yhedresedvavviraborbadiriketltijent 6r anfibddies

crystal based imuposensor has been proved.tp be i.nexpensive,. si npl and
can perform 4° 8&%3@? BRPATALIS AEFLAINE AP, QR %f'p%"gﬁ"gﬁlﬂﬁ qndwg‘ﬁ%‘?o'b‘g@ﬁh F%ﬁﬂ%ﬁ i zed
on the surf aceys@f astdactidizargiery Atcdtding tdeoh&raspéct] thearcdnthipahtrvixdl dr Backegiulennhtgen
'minutes to | .hour. Furthernmore, this assay requi.res 15 nini m echni cal
ST st ol & B e sities st B S Plk s B R RE A IR P he
present 2kNVernkhse nass dhuige BRsediStthe dneigkniantibdde ift@idiombige fnxaceifee, crnhil.ch are
of fered by way of jllustration ar re intended to, Ljmt the,invention
in any manner. St ghﬂﬁ‘fb&l"’ie@ﬁﬂﬁf’dlﬁ@‘gs%'Pﬁgﬁxmﬁ?”ﬁ“f‘ﬁgwg%f" s feyneaing e ques
specifically JRsery bRalehBl @\WhBllikinkdbARhg a280MEAMRISE o PRREVIaditih eatheon of
a Pz Sensor for the Detection cLf Sal nbnell a gnteritidis Eisga in

h - ‘°F§'I‘:’)“s%?&i gen

Chi ckens A) PrEsrhthe swstel Tiedechrareramriedds ptsHEP1 & dioRicasting

Uni que sequeng@fin®Raaet stahel gadteidrhdkBiiglolcansiiafdny Bferdbckhd byl dditdin teagenhiitiek en
were 2s identified. These allow for the sgeci fic detﬁ:&ﬁ(i on of S

enteritids. @il itrrioerds expgsed 1pha srspimsnstp S detested fe-ahickey segih sl Bitce of
a flagellin (&GRRBaRKicHEE SR thitontaful S HGRR SNEiBbsHids|fbrzadpgtbpriategpetio@d0 by
sequence (SEQ ID'NG 1) encoding 90 amino acid residues (SEQ I D NO:2). The
90 as peptide reacts specifically with sera fromchickens infected with S.
enteritidis. Chronosomal DNA from Sal nonella enteritidis strain 13076 was
used to anplify the sequence 30 by nmeans of pol ynerase chain reaction (PCR)
techni ques. The anplified PCR product was inserted into a bacterial
expression vector next to a gene for glutathione S-transferase (GST) such
0 5 JAN 2004 16 that a reconbi nant fusion protein (GST joined to the 90 as
pepti de) was produced when the gene was expressed. This vector was cl oned
into bacterial host Escherlchia coli JM 10S conpetent cells. A single
colony of E. coli cells containing the appropriate reconbi nant plasm d was
used to inoculate 1 nL of Luria-Bertani mediumwith 70 pg/nL of anpicillin
(included for the 5 selection of the transfornmed cells). After 4 hours, 200
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i ncubated at 37C with shaking at 250 rpmfor 10 hours. This culture was
then further diluted 1:10 in an appropriate flask and grown ﬁeJANhZﬂ[Mame
conditions as previously described. Wien the O D. 600 of the culture
reached 0.6, |IPTG (isopropyl-3-D-thiogal actopyranosi de) was added to a
final concentration of 2.5 mM and i ncubgtion was conti nued for another 4
hours. The 10 bacterial cells were then pelleted and the cell pellet
resuspended 4 i { ‘ , TA,

0. 5% Twen 2 CReSeftieics ERAedMolS) Tndiaiholl Juf P el Fil e
10000xg f or 4&f@r intubattosswith Tieecipren treimeasneed. Bhe femwncy shange arabserce pEalfréquemayt he

pellet in the supernatant and in, 1 M .. .6 ur all. dissolved in
Vst o buft or rapitaRshs BF beediie & bendlor g s BtFodies BoRARE oui BORRETS

SDS- pol yacr yprageddte, ogher techhigoé. detqill ircinding washigbnffanilocking reagatabd the dilttjon

st ai ni ng with C&otga sie,brilli antd. bll ue. Mst of the reconbi nant protein was
recovered i nif feeted seRimen Ag disclRf®dy ca extraction. The recombi nant
protein in these fractions was then purified through an affinity colum for
GST using a kit available from Pharnmecia Bi otech. Further analysis by

SDS- PAGE shoRBEEEJEXNIIETHON QK 1k (R, otein. The nol ecul ar wei ght

cal culated from qz@%mggsghgm&imqw@aqry&a,s@g&ggg@r m ned by SDS gel

el ectrophoresis. 20 The purified and reconbinant|y expressed protein was
characterized by Figut 2iss flomatiagiim showing thegeocgdures Sorieopstugting @ Pa genperdtithehi cken
eggs) afyl negatiny SendfEmAE ldyMniEhad plot QeS ik Hinfthk the 3aghigxper i nental |y

i nfected chickens. B) Fabrication of the SE-Pz Sensor 25 In the present

(i nvention three ddgwehisiadirgtammnfsmi¢roconiainemiised in sheidinropingpeasesses wer e adopt ed
to fabricate the N fm g S protein
| ayer on the sur fﬂa?éuééﬁlé%g\y@%bslélg . Itsa\%/géfoﬁf}%%ﬁ%hgtﬁg%eﬁwﬁg?é met hods
ensure the same diipuet sbéwpthotfenventy etangegcanded hy wositivesand megative pantols fog0 0
5 JAN 2004 17%_C). [ i.on i Sel f assenbl ed Monol ayer Techni que 10
MHz AT- cut nﬁlﬁtﬁ%lg}ég}g}ragnse I%?@E'J\'/\rn%%}ha}{é%ﬁd%&el ectrodes (fromICM Co. Inc.,

Okl ahom§ USA) wekFigure b slvadhedrdahenay thaRge fan¥faunkudvont chizhen( 8@ %arhid &tested {860,

(1:3)). ThefS,E' rar)}aaegérq)é#}gngg Has spread on the gold surface for 5 m nutes,
ctrode {

after which }é"méﬁ e Suriace was t horoughly rinsed with distilled

wat er. This was fBglrohshdwbyE-Pz sesiondptatidnitestBofprt finevivosly ehatictetined negative egg
distilled wa Ln.  Thi re. ated twi ce. The surface was
then finall ytyg{kf)%al P§evmn%li°l§£ag%§%g&g%w%fg%fog%én gas and the resonance
frequency (F) wasFigak8showsahe relotiariskipbeteangiraigin bihdiggardo@Eand serisjiwity of thet hi s
experi mept, tfg])ei Sy I1f,ace pf a gold electrode was first nodified by

4- ani not'hi oph&n 6t ‘{ﬁﬁ?\s)o'v\hi ch provides a thiol group on one 10 side and an
am no group on t hBRigat béra ssintheryof medseremeit eesuils or 4Thig sepofitoap dousalaggadivpt | on
of thiol group to the gold surface ensures.. ino group faces

towar ds the iSRT%lFSf’éré’gp gﬁsopo\?\@ﬁ?ng‘gs %n%f%ﬁoﬁlgtl%ﬁ'g%‘o%%@um% to whi ch anot her
am no group from Bigpke Q0 eows tleedsabilitpodfabdicazeé BRRYV Fegensornf a cross-1i nki ng

keagent. This said.i i,lizagtion.was .achiev iLPpIi Ng t.he

cl eaned crystal i ﬂ%‘g@?é avih f%‘s'ﬁ‘v&\%rﬁ&fiéﬁge'}iﬁa%ﬁ Pfipﬁglpglern&g' %:1 uer?n'flgzlg?l{bk\?én

di met hyl2sul f aké shasifitiyeOh régbnetatelr I8 Ryrsensat. In bathfipeny@igpositiee coAfroldrandsisi ng
with distilled water qﬁd air drying, the obtained am no groups were further
activated by RFFSPI ®8"Yfe nodified crystal in 2.5% gl utaral dehyde (GA) in
PBS (the second clripmiedakhowk die régelepation ability eff diahvesrtic i selutibn @BSnd bdtfPerntand
rinsing with distill ec!i er, in ubt%t irllon Wi tdn egtré)tug}ane was perforned.

Appl i cation ofatRdss sedsPR VY RO CUPRO eg'sd e ystal is. the nost
commonly used 20 tra@kRnidgheystthe fegddeiatiai abilay sfelivhiangc dchsetutiop@nhibiowknpoind i n
anti body_ coating. In &glz experinment, this technique was first

i nvesti gt ed. (RS YVIANTESQUUARIICPSAS 5 ~. L each of concentrated SE protein
solution (500 pg/nm) on each side of the activated crystal and incubating
at 37C until the solvent evaporated conpletely. Unfortunately) however,
this method failed to ensure that all the coated crystal would have the
desired anmount of protein to be imobilized (corresponding to a 25 certain
frequency change). The reasons may be the limted incubation tine this

met hod offered and the content of 0.1 % SDS in the protein solution which
is used in purifying the reconbi nant protein. To overcone these probl ens,
an alternative dipping coating technique was devel oped by which the

nodi fied crystals were dipped into a diluted SE PBS solution (25 pg/nL) and
i ncubated for a desired period of tinme (1-2 hours) at 37C. This technique
is based on the design 30 and use of a honmenade m crocontainer, which is of
the size of 54 n"nmx 12 mm x 1 nm capacity 0 5 JAN 2004 18 of 648
mcroliters. This special design allows three pieces of crystal to be
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~F (Hz) 165.3f33.2 256f23.3 Binding capacity (nnol/side) 0.0021 0.0032
Average fromat |east 8 crystals 20 D) |Immobilization Via Silanization
Met-hod Another type of coating procedure is based on the sil aﬂ|57_q,[q'N) 4
met hod. The crystals were cleaned in 1.2 N NaOH for 20 minutes fol owggl by
5 mnutes in 1.2 N HCl. The crystals rOethen rinsed with distilled water
and air-dried. Subsequently several microliters of concentrated 25 HO were
applied on NS ally, the crystals were rinsed
with distil etErer N crystals were first nodified by
di pping in 5%y- 'almdmﬂdsdmgdedunseif thwstdlaﬂace(aya kﬁRES)stqnncaa(bevmtdO@irbyl hour .
After washing with ne and distilled water (F,), the follow ng

procedur es é%é‘e’?%@g‘ﬁﬁ'é’wé&g “for the APTh method, which consists of further

activation 30 by*rﬁ%«(:ﬁa)noﬁamzfcmsal Hawide I’dlesi@a(rsteohgmtlbl h25a pgflatrklectfode 20
reconbi nant SE prote B st eps
fol | owed to dé?fési}?dem’(??&‘ %'%/tﬁ ‘{']19 %éd’:et %{%fergga’{‘}' E Wi?c@o g r&cﬁ\,%{oﬂN 20A
: g—ﬁ B I J|[ mmb![dsblﬂﬁg)hoéircﬁf't 34 Fﬁﬂhébsfr&{uﬁ{&? M{td‘igﬂ th%e&‘dfatﬁﬁ ainé détéllstﬁlgCiemﬁdt by

e alternating base and aci d met hod) . as de eyi ous styrene
beads were dresaecigsdespertively- fiandard me °4RHP"@H5 ‘g ‘E‘?’Sé\oﬁ”i%t Kélrggeh%i?ped for
30 m nutes aaItPt QR of AR&E éﬁaHf ﬁ'rtyitﬂ chﬁﬂlfﬁh?tvfb@ldéﬁ&fes b hl%bﬁblﬂ%' @ to the

adsorption. er rinsing et hanol and distilled vvat (F,) .the

crystals wi tmqugllegtmpromm%%P@S@iﬂpﬁp@&nﬂﬂw thecayats theop! SS’Et“iS‘r‘EftaeWFa$"11
coat i nggbuf fl%{\?'éeg e&rlle@tpd&ﬁgsruh?ltn‘i SIS defematon bf tABcr{Set) Thedd Mectrbdes kivased Of

polystyrene epends on the concentration of the polynmer solution. In
this case 3 wujhduce msswdﬂ'@m electrigfield perpendisplamto teg S‘E%Fi/?lfe‘he gepsieiwafer- The

corr espondi ng 1%1:1%%@1& 9&?5‘&?«:11&1?&{‘&31%@& althflghimve, ilf the (s\hﬁ mtmmavam/ m of
poI ymer pr ovi g Ker pol yner 10 coating corresponding to a frequency
change of 49A9638%0d-t25):1111atim 1awb19md by fincindizg dierysobin iap gscHlgtionmiguit, ‘Y*W@rtb%ls ed.
Thi s indicatgd, tha meclgg/ %Bsc\%%}tl QL REedRy BY lﬂggne%tﬁﬁsdﬁéﬁz%gthQQ}yYQ? frhéoati ng
and the coatf ng covere e area o e crystal e adsorption of

pr ot ei nisont oogelliatidr q:rcunsaddabetthqmcmwn@pﬂwbla&HP rﬁ?l—%af’@qm Hawlett PpekasdaU8AYf t he
interaction depepds he con ¥ s5P

t enper at ure) 53"3“%1’ Etgh > ncundte c?iéénd%[ié& thB(%ggéé&% gn(g%?ls’nal j(3oa‘t3| ng
procedur e \Naﬂmdanpqntah@ecmh'r&y depesdsah therthiGEess of the ivefar, (t9 Sheprgahdtrupturesits hpe,
carbonat e coat buf lRdhady gdat hat

t he concent rg'?(i s can Ql-&e%ﬂ@wﬁyn‘%z‘?aug %E%rhtﬁesr%c%hr at |(gl??t anount of
bi ndi ng corre@pt@llsdrersg9to®lm/ﬁ{ze1qmnm§heﬁdmr¢gé0 wm@ms_@mtgm{amtwcénaielz? 1520

concent 75t 1 ofth BBt RRpphm a AR, By, Badt LRI RellBish Byte) 271

140 55 25 . Mlmgcmmmqhmm&twfdgnmmmmmtmstﬁkéﬁldlehcmer to
moni tor the reaction proce s zation
othods. encures bR SRER TR mbincs"rl QR ohPh nblSo bt REof R4S

tIﬁoss in actiwee These coating nmethods were stabl e, as there was no
requency change during the washi ng. procedures linGQat i ng
condition, 5 pg 0?0 fﬂggg‘ﬁl gjzﬁfy&aie?c%mgraseane‘rmgﬁm se?sypg%{?m ?era%:cgu?iaol?l of one
Pz crys Q&' FbricattbnDf ANendOhd 2 dEtattioa of thd s&rprbsrse"ﬂurfe\slcafonSEa Bi acstakpstsy

di fferent nethods t hod, ATPh. Y- AR
1063f 12. 8545f58‘§°%“5§%§6‘f"f5’§5§8 oTils e §‘°“ 9 aﬁ%ﬁ?ﬁ‘%ﬁ%%ﬁ@iﬁ“%%%&?ﬁ?ﬁ n
256A8. 3232t 2213 agkdPik Base@onlthe tlretmsfohmxm afaepwﬁc inteattipoino afrqgoéngy signadn¥heoat i ng

method was f Ierxls)ct)smg the S ncatedd seasor to samp{es,rtf?e interaction between a coated interface and a

detected analyte results in a change of frequency signal, which can be used to quantitatively or

30 qualitatively identify the target analyte directly.



arelatively sinple concept and reduction of immobilization tinme. By neans
of the said coating process a large quantity of Pz crystals WShJﬁEa@Pft ein
coating |layer were fabricated to conduct 'the test for SE specific body
from chi cken serum sanples or egg yol k. To avoid non-specific adsorption,
the SE protein coated crystals were inc:ﬁ)ated with 1 S BSA by dropping 5 ~L
of 5% BSA on each side of the crystal or dipping the crystals in 1% BSA

2000 2 P oL A S S RS

nmet hod was saidakd tedingsf salnplebest net hod and in the follow ng sections (F)

d (G of thi le the P t d d with the 20
ol ystyrene. coat g HecHuth meeso BT S pifens VB eur nERGLT DpshE bl o

surface i s baamecheGMthPaniphobied achi b4E, il ofanit solwmids. Toomewt withdiffeenpairfasd yr ene
nodi fied el ect r.og

e surface results in a Jow activity f bi ndi n ,
interfering prdifigatioa Poseiures {sARnRREAS Wb Blﬁg‘f’ﬁssl aee #ﬂ&?ﬁ@r ?"émg,‘F&aPW
reduced. The ,Bideinidus baseh sdifCasiehBlyMnk Ry he Pradtia kdThtiof isdiselly the Eitsembtasd at i ¢
interaction which i's achieved by a | ong (over.ni ght_(%, Jdncubation. A short

i ncubati on (% beocassidereda &t Riranha olution & get £id b PRy QidigNg 2eent o 35 asistli g ¢
anti body bi nﬂ'yrﬁgphﬁm SoREsuFRALES bAHAIRAN An fakerkdtd REhing BroéduRiwhith chaghes from
e

Chi cken Sera abricated crystals were taken fromthe freezer and

al | oved to egeAkingithesuface of B rrristahe base ppd acid plierpatelty rran tbe sy fre melymgg s
measuredoas iiSuigeRlt! RattBHidetn bilchnd SLEALAR spSwHPiGHIA AR SR frgaddt | Ut e
serum sanpl es reduced the a(,gkgroun caused Interfering %rot ei n, but

Qal so caused ahdmieas apf peformeil.(The fundamgntal fraquenpyeof]tenpdeanedierysigbenp be msesaredaat i on.
In this exa ' ' fifty-fold (1:50) with PBS

buf fer was F%Jﬁlﬁa e?%&g%dd?ﬁgg%eﬁg%%@nr%?%ug between 05 JAN 2004 21 the
requi rements of skinthe tpresént \inventionh severale cdnaientioreh grotedm imthehilization methedseare ng

bi nding on th t.he . i i i ” Wil d
ser um Samp! ¢ gl e 8 Rl TR vl ihodh, ol pBg R
cover ed 15he whodilencanested apfstal, lhevatehttindingim athiokcompound modifisd surface; and phygical 20

m nutes. After shi ng, and, dr.yi of j , resonant frequency
val ues were cfgfo\é\é%’r?flﬁ%ghédé()p&gl?lgﬁg]‘—%(%ot&t}ﬁyé%goﬂ(gg{etﬁ%&?ﬁé mass adsor ption
caused by det ect e@hsgtysinal adsoyptien offproteinah thefbard gold lnirfdceis bessd an therstronigapd| ved.
Si x control negati.\ve.and,6 .conf ol SiLl e igdgnti. Ly the
per for mance dreiiby SEFRSrE R ke sha Thlat B IBpROEE ol PSSP BB
The frequencymeahbaiigexpedmaedlysimpbosidtit does mnctquiregay chemibsigl te moilidy bbegpldus| y
differe and ovi,des a YES ar. di agnest i.C.r : valiue was
set as t4le a\/sé’&étcﬁehéei aé??&?‘“’%fs a?ﬂ%v'él%y éﬁc%aﬁ%ng(gtaihetgﬁ%ts?fgpgn t%lg%g 9{}'&? le(g")ti nes
SD whi ch gavedigctyuwief the sduties baitainiad bidni@lechlekiand atllowhihe mokswes thhotdsenbed®

unknown sera re.assayed usjng an_ SE-Pz sensor. ( Fi sults
were conpar ed‘“? §Urface § ﬁ&e SW&?J P BPPLRPLgte PEIGH ¢f fmngifilJ geﬂ%-afg%uésngﬁ d g&) t he
presence or ancwatd @fth aiet bibwelycuteois Sictersinetb be Fyri HydFd ibyelaed oethaenpyntcéfange
bf .t he crystaéi belfchﬁ]eq'rﬁ@d after incubation with serumspecinen. If the O F
(FR-FS) is | e¥8™Y'AAYF P& % ut of f threshold, .17f.7 Hz in this case, 15 the
sanpl e i® cl assi f iCoslalas imegbilizatien is0alscSEorandniybaoplexsd. Biredprodedurhe of-cvalest
greater than gr .equal tq e cut.off threshol the sa { filied as
positive for g@‘%ﬂ?ﬁ“ﬂﬁéﬂ%&"ﬁe Wél‘%ﬁ%'gi‘f’ @%crésgar%tg IR H%Pki%teérhg%%ﬁgﬁ%é uced a
hi ghl'y posi ti ¥@eshédamkionaBirsupsai iffodaced oot tidSunfee of th¢ ergstaand thvalentdronds

strong as the pgsitive control_ser Anot her . 11 sanmpl es_appear.ed.
posi tives and"ﬂ“ﬁ?&“‘r@?ﬁf"ﬁ% ¢ L@fami{gﬁé%?ﬁd\?%@‘%#&%&@é%ﬂ?‘ P @ ﬁ%flggbvrgg%g,
except from s@mbiBnAZroupd ihdludd pMdad @inthed) kifdls, BRlir@xgs.apd eartbxylivercide Moeexamale] y

avai l abl e | DEXX SE Antl body Test Kit. Taple 1.4 i X2.Tabhle 1.. par 'y
and conp?l i soRelythyispinspe @Eﬁ SbY 'aﬁﬂap’??yétﬂf’t?‘?xéﬂlé‘i‘e (iymgggxgcgb[ca\%% ?ré)Y'ﬁeS%He

bl ot / | DEXX EL k$AalCQ#Fide Mt thn RRfrot dratpNagahivV@ kbl 24ithSHerdrinab €PBOH group can
positivel6ll7SE- Pz sensor negative01818Total 1619SE- Pz sensor

posi ti veaba+bSE- Pz sensor negativecdc+d30 Tot al a+cb+dSensitivity = al/(a+c);
Specificity = d/ (b+d); Concordance = (a+d)/(a+b+c+d) 0 5 JAN 200 22
contingency Table, by which the conparison of SE-Pz sensor with the two
traditional imunoassay are nmade. The Pz sensor and traditional inmunoassay
result concordance was 96% and the relative sensitivity and specificity
were 100% and 95% respectively. 5 G Detection of SE antibodies from
chicken yolk In this exanple) the detected sanple type is egg yol k.
Dilutions from1l:1 to 1:10 were




tested. It was found that a 1:5 dilution with PBS buffer was optimal for
the requirenents of sensitivity and handling of the interfering binding.
Under the optimal dilution, 10 pL of diluted egg yolKk sanplﬂSve} amgf:d
onto both sides of the crystal and covered the whol e area of the 10

el ectrode in a 37C incubator for about 30 mnutes. After washing and drying
the said crystal, a resonant frequency val ue was determ ned as FS. FR-FS
corresponds . 8ido/if BREwiHISLOBH iifkd SAHSSEH J@Mva%ﬁﬁﬁcﬁ&aﬁ&%icﬁ%odﬁ'kﬁm al of
19 known egg yol ks from experinmentally infected or uninfected chickens were
det ect ed by surfacgie Feeombehemical iFisemetisees [emploggdeassherags-linking-ogycquplin reggpat.cut - of f

val ue was d st 1mes

t he standar g\ldfg éﬂﬁge\sﬁrgp ion. f‘&m a%&ﬁsa%%%gaadto:é%ﬁﬁg@gﬁ @a% gll'éegﬁ%%trm% r the

Det ect i on ofbeRaes thieacRehiovatatal with the dhoRifisg surfaccoonto Btivate theanddifiedsulfksease in

Pigs 20_.A) Pt&?i)ar ation of Reconbi nant Porci ne Reproductive and Respiratory
ndrorré Vir PRRSV) Ant i gen Uni que sequences encoding for Porcine

Repr oducti ve andIiResqditiondl ﬁmym:f&yss@rt&hnqﬁ& theiiodt RRIG \sed snlidoplg e isvehe 96-well

i dentifi ed. PRRSVh Re rarres Fs) in its o 1 4,
) | 5 gmickie Pl e e RBR A BYI-aRORSy ettt 81 bt CEERB of
viral ORFs Sttt platddy ordalyviai ARBAE(PWTS eriblé flatedCTIR ahtglend W 9htiYodiel 6dnl Behi a
coli JM 105 conpetent cells, The ORF 5 DNA sequence i.s shown as SEQ I D NO: 3
and the ORF atagediodheplastietstaess etsily By b hydaephedieynerschign betweepongolgeprpigiont

reconbipant {¥RneERE 21 d&rﬁagﬁﬁﬁ(@&dh& U95).i1k P4 deBdor ﬁsmmumebmag/ of \tateiny
identical to that for the antlfgen described in iral protein

product s f r opAtoriydrephgbie polymereedified gryatpldgibased qnfhe yge R,m}? Wan iathip gdarense st ep.
{The 8 M ur earfit fhbiilzalEHScontdpt Islq%ﬁie Qmuﬁwhsth@ﬁd&%ngf mirRoabaPdnd <RIl
preparative SDS-PAGE. The purified and reconbi nantly exgr essed pr otein were
-98-99% pure 2ngeptedeand unpersterd: by those vhpyhave apaskgsoyndin Brmygotopy.tGampgeed vith
positive andfy . n?ms’m Qoé thiﬁmﬁl?tﬁ(?s %ﬁu&w@mﬁlé qmmry%@bdlym&%dmcatm

experi nment al ecte ecul’ar wei ght calculated from sequence
is 9,000 annroaeﬂm@,oxse kﬁ:um@tsteqhmrndds ppdegbeforpethe @V%@tsmémmteﬂesmte)\ to be
Fabrication 8{"!{ aSensor with PRRSV ORF 5 Antigen Layer (PRRS-ORF 5-Pz
Sensor) 5 In 'S exarrpl e, reconbi nant PRRSV-ORF-5 protein was used as
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{\\;a: g u _I(§|hy cEll;tﬁfdlgi@dlatlll_tr)]@Oo? for I\z,}@ilmnln&E Thé Profefibwis)squéritigllyvedtradied frdzxg:)hz/%gﬁ)etg y iler
a a Thr Pro Ile r Ar a er a
Gu Gn Trp ity Smeglaﬁf\%anigsl P2’0({7 %%‘Kﬁ? 8’0‘5%“’6@ ‘&MS??P :*ff’ﬁﬁlcf Leash
performng agp |omribﬁﬁlﬁcﬁﬁd5m58|aﬁal§ﬁ6 by $D$-pM%c@ﬂinﬂd’d’ gl electOptnesisi(PAGE) adgani sm
of an infectious a%ent associ ated w hlf;l Sal nMJf’ terl | di s é E) or
PRRSV, 'eonpriigrlizggd by stainingomitt Coqmaagsie Hiltin bg“g afF‘iﬁ’mi Wf”étcptr BsVagent or
an anti body sRe&kd 1h%efs@;fenﬁﬁnt&m 1 ﬂﬁﬁeafef(@ml&ﬁﬂ‘ﬂe ieﬂicnﬁﬁiaht@htﬁeuﬂ@@li&e fradtior®
pi ezoel ectric (Pz)crystal; asuring a resonant freql\ﬂﬁ ?fy ai d
crystal fol | thep igpd (héeughe!) af@a&tbt spiymihfgr SOST gsing ¢ kit ayatlghle from Wa&& cal
speci men fr Oénoéai Futled AR SDBP AlGEShERkd mvoqjuﬂtys;auﬂ fokeiE TAk meRGular
previously used in a test which was negative for said_i nf ec@ﬁuﬂg‘?m ent ;

neasuri ng a Veigsalatlated Gom ssgugne s 9090 Gndc}iyﬂé’f’ deterine Sy Shg seke

conparifg t heyd KB ré&ﬁgmelnwxﬁa@mr&anwas SHafBreii22) byWiteRrednbeot wawnt
Frequency measured in ste wherein if the difference between_ the two

frequenci es ¥ Oéqﬁhl(exttféc%f freyp é‘&?‘@P cggshrndpesaive 81 POFHYSEROFAR DMl #kn sai d

bi ol ogi cal speeiifERmRIly IS dhick&sf or the presence of said infectious agent.
2. The nethod of claim1l wherein said antigen is a reconbi nant antigen. 3.

The nethod of claim1l wherein following step (a) said crystal is contacted
with a bl OCK BN Gt RAGRIYF theSE-PERen@Et hod of claim 1 wherein said antigen is a
transnenbrane envel ope protein. 5. The nethod of claim4 wherejn said

t ransnedbr ane envaltisperesshtoinedntior) three comveptiqpalnprpigin imaebilizaiion progeduirs; Wse

protein conppi iRt Mhidhd tHipe Bsor With 38 MBMAR Salmonella enteritidis protein layer on the
surface of the crystal. It was proved that all these methods ensure the same amount of protein

binding without loss of activity.
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. of claim3 furt

0 5°JAN 2004 36 6. The nmethod of claim 1l wherein said immobilizing is
performed by a nethod selected fromthe group consisting of 1) Or&gm?nm
adsorption onto a netal or polystyrene nodified crystal and 2) coval en
bi nding onto a polyner, silane or thiol conpound treated crystal. 7. The
met hod of claim6 wherein said immobiligzing is performed by dipping said Pz
crystal into a solution of said antigen. 8. The nethod of claim1l wherein
sai d bi ol ogi “!}EB i e ] i i d, contacting. 9. The nethod
A erﬁ?&ﬁg?fiﬁ%%@'ﬁ?ﬁy‘}é‘%ﬁ?@ﬁq% ng step (a), the step of
bl ocki ng, and st EpMHz ATwhenainted erystals witks pole eledtrodesi (from ICMIGpsInol, Oflabaha, buf f er
conpri sing tergent . e e d. Qf, i, ehel ai .
physi ol ogi cg{ of ’fegfr%m?eg wétgglﬂtos“p atsélng%nf@e;eégd ’s’arﬂzl&r)ﬂ\é&’g i)lwel'%remﬁaestoh%ﬁn
accordi ng t avas kpéadodtheetd eurfacsar 5l miMuees Jaftagwhictateeléctrode sarfie was toroughlpr ot ei n.

12. The_met hod .accqr di to.cl ai 1 ereln said bl ocki agent. 1.s bovine
ser um af buni '}‘?se&ﬁ“@gk?’g}eﬂ %Bﬁf‘ Fﬁ‘l’ Wagl?%l}° ?Rﬂ"ﬁB‘?fﬁ 3%{‘3 B‘L‘H\(’tﬁ?g 8\8“ g’?‘@é‘ﬁﬁ‘@dm erein
sai d bl ocki Nghter BRGEMRis proced P WaSflpdated dwidd. Thé Qefasd s ehef findlyBldHh drpGitRaque.

14. The nethod of claim 1 wherein said contacting with a biol ogi cal

speci men i s SHEAY efnitEagen §ps and theiesapanss fequepry (Fol was or phase. 15. The net hod

according to cl apeh bvilkiR bRidieS¥istld B afén, i ARsh@bsinds welinedons ghlae mean
val ue of negative controls plus three tinmes_the standard deviation. 16. The

S P hr e¢ e [

method of clgeiede wanlstanadified py 4-amiopdioahegel (AFEWhich rovidera thigberoursehl el | a
enteritygdi s §delhd SR 2R off tHRSME 1R oPihe mibfel1d) THO spéntadebus alibptiBaldf@ot0f
claim1l wherein said antigen of the infectious agent PRRSV conprises ORF 5
of PRRSV.  @owp tgihpeatdeuface engues thatthe araigo grpun faess idvardsithednterfage andl worksasy st al
‘coated with j ' i i : : ' tious
(agent associ %%%%oé‘ﬁ?{éﬂ%g{;%ﬁgﬁog&eﬂ“}eﬁ%@g‘:@ dd(p%%lh g@%l‘éﬁﬁé%i}a%g‘&?ﬁg wth
a buffer condfaicrossipking rdagenh dhid s4mmbitizhtion wasaehigeed by dippingthe freshlymleadedt 0 sai d
antigen or ant| i i j . i ohREsebY
a1 ovi ng_sar i ety Sub 2 mhEIPAARRTI ARLARR MRRUBRREAIO ™ A
met hod Bf r egemighadtironn emperatdrePAfter washing witf digtilled watdrgindgir deiingi thgotwingd

or oduce . of S BPGEe FERRLR TR Al hahflansRRln b SRR D20 12
| cit conpri s{G¥) imPB¥(thessondithenival) fod1 e\ fenwashing géth PBE bafferand iiksargywithpeci fi ¢

for said anti,. fr an. i i ociated with Sal nonell a
enteritidis ?l%ggdgfnggﬁ&@{?hg%‘gg% rggﬁﬁgs%kogﬁgﬂ?agnosti c kit of claim20
wher ei n sai d ant iApplicatien af a dzopdetiof pratein catut thgyemated 2@ stallik the diostgromstonly used  of

claim 2], wherein said reconbi nant anti i of t. inf.ectigus agen .

Sal rronet] o elfEHITE PufieFEaTote ATy e Rt Ry Banlifiay pPURE 1 Bl BY Ay, wiy
di agnosti ¢ Kiethnbfue ohsefirsniid/estighted. This igeilebd npying$ pheichaftancmmirated SE pwtein

i nfectious agent PRRSV  c rises. 5. .24. A gt . 04 00 5 n
i mmunodi agnogq‘lﬁ °nt(§§ “?@gwrheeacpf lggéﬁtgg a?tlﬁatg%cﬁggaaﬁ?glrcngﬁmgﬁ 3|f7n‘1" g]é 1%8%‘5
agent associ adledt evaforateBabmplately] Unf@nhnagely thodewr, (tBEhetind fRIRRB\engirs hatall the
conprising: a). i,mmohbilizin n,antigen fromsaid infecti a an
ant i body speﬁ%afﬁdgryftglrwoﬁﬁ hﬁ%ttﬁegdeeﬁ“ rag‘r?%msté)l Efmle'r?ﬁ oeg ous ﬁlaz%géejﬁfmgﬁ&g&g 9

pi ezoel et ri cerfafiAeqenyysdharge). Dhe rmaswiaybe the lindted imavitatidrr teupubis eethofl offered

crystal follo step or). Gontact i sai.d crystal wi.th,a hial.ogical
speci men froﬁ?vgstgg‘&?nﬁ?té’gé'?%’rﬁq%d“ g‘é prtoge&sg@, O'H‘?"f“?re‘ziél uer%i"h%“ngq? tg%ﬁeg?{g{”g %équency
of said crystpaiteif. AbloGstdng: thdse probleths, as pltetratipadippiog dohtingrtechniganyasideederedcy

measured in step.(b) w t he resonant f.requgnc ur i NSt (

wherein if tRé "&%‘%“r‘@?‘f@%%ﬂ et ﬁ‘@petd\%mgr é&ﬁé ﬁg:@g Sf’@g%nq{?glu g?"g‘“)oa?’)i

great er than imusatddfefafdediled paioo bitimea(ll- Qhotrk)an3 28ai Thidtechhiqes ic Blsedsquebe designi s
positive for the presence, of, said infecgtioys agept,. 25. The nethod of claim
D6, wher®i n adves %@ﬁaqe@*gm@emrﬂé}ﬁ Oé-ﬁetﬁ‘%@ﬂgf*mma 13 m] Sgnsrrady .
The nethod of claim 24 wherein followng step (a) said crystal is contacted
-with a blocking reagent. 27. The nethod of claim 24 wherein said antigen is
a transnenbrane envel ope protein. 28. The nmethod of claim27 wherein said
transmenbr ane envel ope protein is reconbinantly produced as a fusion
protein conprising glutathione S-transferase. 29. The nethod of claim 24
wherein said immobilizing is performed by a nmethod selected fromthe group
consisting of 1 ) physical adsorption onto a netal or polystyrene nodified
crystal arid 2) covalent binding onto a polyner, silane or thiol conpound
treated crystal. 30. The nmethod of claim29 wherein said imobilizing is
performed by dipping said Pz crystalinto a solution of said antigen.
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1003(}2% ;&_ (1 %%nd%lcjcga@ng‘c&)er&i%@m%@gﬂ' &1090& ()- &' 10%& ()-10%& () -y
G'109%0&' () - GHgHHI WW‘@SWFT@%P&""(S‘)‘Q is besodran fyyropkabic intsoagtigns(hesate @b e () -
& 109 & () @6& dé}gr{ﬁg %ﬁk%&ﬂ%m c[fM?e];QotéiQ @tﬂx\% tem erature, and time

10@@ " 0" 10‘V 109R22&' () -f & 109%0& () - & 109 '10%0 T&! 3 SAM\M
NJ O= COPPEMR 16f inqyl@tipn. In this case the optimal coating procedure was dlppmg e crystal in SE soluti
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25 .During the whole coating process, F,-Fy were taken in order to monitor the reaction
procedures. It is proved that the three immobilization methods ensure almost the same amount
of SE binding (Table 1.3) without loss in activity. These coating methods were stable, as there
was no frequency change during the washing procedures. Under the optimal coating condition,
5 ng of the said protein are enough for the fabrication of one Pz crystal.
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U& ()-ooMp qi q&r aBl\/B?O 110! & 10% U& ()- g&9- hothe: 0)- &+" 10%
U ()-1)(810%U6U8 ()-TL' 10%  ATPh y-APTES Polystyrene
5 Steps AF (Hz)
First Chemical 1063+12.8 545+58.6 1196+125
Second Chemical 171£19.1 2734221 NIL
SE protein 256x18.3 232422.3 2404232
10 In the present invention, a polystyrene-coating method was first recommended as it offers

a relatively simple concept and reduction of immobilization time. By means of the said coating
process a large quantity of Pz crystals with SE protein coating layer were fabricated to conduct
the test for SE specific antibody from chicken serum samples or egg yolk.
To avoid non-specific adsotption, the SE protein coated crystals were incubated with
15 BSA by dropping 5 uL of 5% BSA on each side of the crystal or dipping the crystals in 1% BSA
solution at 37°C for half an hour. After washing and drying the said crystals were kept at 4°C or
refrigerated.
For SE detection the polystyrene method was selected as the best method and in the
following sections (F) and (G) of this Example the Pz crystals used were prepared with the
20 polystyrene coating méthod. SE protein fixing on a polystyrene modified surface is based on a
physical adsorption. It was found that a polystyrene modified electrode surface results in a low
activity for binding interfering proteins and consequently nonspecific binding is greatly reduced.
The binding of SE to the polystyrene film is due to electostatic interaction which is achieved by
a long (overnight) incubation. A short incubation (5-10 minutes) with the serum sample allows

25 only specific antibody binding to the coated antigen.

F) Detection of SE Antibodies from Chicken Sera
The fabricated crystals were taken from the freezer and allowed to equilibrate to room
temperature. The resonant frequency was measured as Fp. Sample used in this detection was
30 chicken sera. Diluted serum samples reduced the background caused by interfering protein, but
also caused a loss of sensitivity due to the lower antibody concentration. In thi; gxample, dilution

of serum samples fifty-fold (1:50) with PBS buffer was found to be the best compromise between
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@\NQIgH=0 were sed t identify the performance of the fabricated sensor results are shown in Figure
5. The frequency change caused by positive and negative samples is obviously different and
provides a YES or NO diagnostic result. The cut-off value was set as the average signal of the
10 six negative controls plus three times SD which gave a cutoff threshold of 176.7 Hz in this case.
Another 35 unknown sera were assayed using an SE-Pz sensor (Figure 6) and the results
were compared to traditional immunoassay results. For an SE-Pz sensor, the presence or absence
of antibody to SE is determined by a frequency change of the crystal before and after incubation
with serum specimen. If the AF (Fg-Fy) is less than the cutoff threshold, 176.7 Hz in this case,
15 the sample is classified as negative for SE antibodies, and if the AF is greater than or equal to
the cutoff threshold, the sample is classified as positive for SE antibodies. The positive control
serum (serum 0) produced a highly positive signal. Six samples out of 35 were stronger than or
as strong as the positive control serum. Another 11 samples appeared as positives and the
remaining 18 were negative. These results all agree, except from serum 33, with a Western blot

20 assay and the commercially available IDEXX SE Antibody Test Kit. Table 1.4 is a 2x2

Table 1.4
Summary and comparison of SE-Pz sensor and traditional immunoassay

Western blot/IDEXX ELISA confirmed

Positive Negative Total
25 SE-Pz sensor positive 16 1 17
SE-Pz sensor negative 0 18 18
Total 16 19
SE-Pz sensor positive a b at+b
SE-Pz sensor negative c d ctHd
30 Total atc b+d

Sensitivity = a/(a+c); Specificity = d/(b+d); Concordance = (a+d)/(a+b+c+d)
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cut-off value was defined as the average of the negative samples plus three times the standard

15 deviation.
EXAMPLE 2
Fabrication of a or the Detecti orcine
Reproductive iratory Synd irus Disease in Pigs
20 A) Preparation of Recombinant Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) Antigen ‘

Unique sequences encoding for Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) in pigs were identified. PRRSV has eight Open Reading Frames (ORFs) in its genome:
1a, 1b,2, 3, 4, 5, 6, and 7. A PRRSV strain was used for amplification of viral ORFs 5 and 7 by
25 PCR and cloned into bacterial host Escherichia coli JM 105 competent cells. The ORF 5 DNA
sequence is shown as SEQ ID NO:3 and the ORF 5 protein sequence is given as SEQ ID NO:4.
The subsequent recombinant expression process and purification procedure were nearly identical
to that for the SE antigen described in Example 1. Viral protein products from ORFs 5 and 7
were recovered in the 8 M urea extraction step. The 8 M urea fraction was purified by excision
30 of the band from a preparative SDS-PAGE. The purified and recombinantly expressed protein

were 98-99% pure and were characterized by a Western blot with the use of positive and negative
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“coating solution; 3) the concentration of the substance being adsorbed; 4) the temperature; and

3

5) the length of time of adsorption. All these factors are linked and the most important is to
determine the optimal antigen concentration for coating in each system. To ensure high
sénsitivity of the fabricated sensor the coating protein needs to saturate available sites on the
10 surface of the crystal on the one hand. On the other hand care must be taken to assess effects of
binding proteins at different concentration, since the actual density of binding may affect results.
High-density binding of antigen may not allow antibody to bind because of steric inhibition (the
antigen molecules being too closely packed).
" The concentration range of PRRSV protein used in this Example was 5-50 pg/mL. In this
15 range the protein binding amount corresponded to a frequehéy change of 140-800 Hz. After
blocking the coated crystals (Fg), a real PRRSV-positive pig serum was incubated with them (F)
and the sensitivity of the sensors with different PRRSV protein binding capacities was monitored
(Figure 8). It was observed that PRRSV binding amount at the range of 196.4-312.5 ng/double
side, corresponding to a frequency change of 220-350 Hz, was the most sensitive, with the AF
20 (Fr-F;) caused by the positive control being 260-320 Hz.

To obtain 220-350 Hz of PRRSV binding, 25 pg/mL of PRRSV solution was used as the
optimal concentration. Under this condition, a large quantity of crystals were coated. The
amounts of protein binding to ten crystals are shown in Table 2.1. The highly uniform amount
of PRRSV protein binding for each fabricated crystal is the basis of high sensor-to-sensor

25 reproducibility. This physical adsorption method was used for the experiments described below

in sections C-F of this Example.



"109% & ()-ZF "10% & ()-ZF "10% & ()-ZF "10% & ()-ZF "10% & () - Z+a@Us\W"
"1096& ()-g 9! 10%#& ()- ' "10%t& ()-g , T10%#& ()- 10%#& ()-F
"10% & ()-Z8&DQ& | [: vUSW" y/"10%*& ()-g -F 10%& ()- y) 10%#
&' 10%t& ()-T Y%0%& ()- #10%t&' ()-& z vUAW " 10948 ( %&M
&$10%4& () - FLO#10#10# 3109%#&' ()- y210%tgs ()- || ZL>0 10 10 10! " #" 109& ()--
#'10%&' ()-- ""10%t& ()- '"109%& ()- N'10%t& ()-${Z9L>0 10 LF@lO%V&'()-
LF@ 10%&' ()-- LF@109%&' ()- sy1l09%& (Taid®F@ 10% " m' A"t & () -
F@10%& ()-z,d|[:L>0 10 L10%& ()-@,LF@ 10%& () - LF@lO%&'() LF@
igiﬁ gz (F ) - , )LF@ 10% ()- LF@ 16FE &R ER)*SV p{eiamnc}le&mnounlowy F& () -

" ER :

CI10%F$"F& ()-9% 10%:$"

"1 109%$" F& () - 9* | 109 $PRRSY pingihg ° llomgfs‘&e)() 9%} ~ Bk@Bdl/side) 1 1098 d\ 2\ !
| 100FS$" F& ()-9% “110%$"F& ()9 1 10%$" F&'() 9% I10%=$" F&'() 9* 0S74

1 1 109%$" F&-A)-0r 11006352

3 OUSFE! () - 9% (
T 109FS" F& () - 9% ( ; | 1096F$" F&
3 235 128.5 0.0031
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5 260 117.3 0.0029
6 310 139.8 0.0034
10 7 360 162.4 0.0040
8 265 119.5 0.0029
9 280 126.3 0.0031
10 300 135.3 0.0033
Average:SD  296.5435.0 133.7415.8 0.00330.00038
15

C) Sample Test Protocol

The coated and blocked crystals were kept at 4°C. The coated and blocked crystals were
removed from the refrigerator and allowed to reach room temperature. The resonant frequency
was measured as Fp. The samples used in this detection were pig serum samples. In this

20 Example, diluting serum samples five-fold (1:5) with PBS buffer was found to be the best
compromise between the requirements of sensitivity and handling of interfering binding. Under
the optimal dilution, 10 pL of diluted serum sample were added on each side of the crystal and
the whole area of the electrode was covered at room temperature for 10 minutes (it was found
that a 10 minute sample incubation is optimal). After washing and drying the said crystal,

25 resonant frequency values were determined as Fs. Fp-Fg corresponds to the mass adsorption
caused by the detected serum samples.

A total of 41 pig sera were included in this Example. Figure 9 shows the summarized
measurement results in a column graph. Of these samples 12 sera (group A) and 14 pig sera
(group B) are negative controls and positive controls, respectively, which were employed to

30 determine the performance of the sensors. 12 true PRRSV-negative reference sera (group A) had
normally distributed Fg-F; values ranging from 0 to 60, with a mean value of 30.0£20.9 Hz
(Table 2.2). The cutoff threshold was set as the average frequency shift of 12 negative controls

plus three times the standard deviation. Another 15 pig sera (group C) were unknown sera and
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5 PRRSV antibodies, and if the AF is greater than or equal to cutoff threshold, the sample is
classified as positive for PRRSV antibodies. 8 samples out of the 15 in group C were positive
and the rest were negative. These results all agreed well with the IDEXX PRRS Antibody Test

Kit or Western blot assay.

10 Table 2.2
Distribution of ORF 5 PRRS Pz sensor
frequency change value for real negative pig serum samples

No. AF (Hz)
1 60
15 2 5
3 52
4 32
5 10
6 40
20 7 7
8 2
9 36
10 50
11 9
25 12 55
Average+SD 30.0+20.1
Cutoff threshold (Average + 3 SD) 90.2
D) Cross Comparison between IDEXX ELISA
30 Several real pig sera results obtained by an ORF 5 PRRSV Pz sensor were cross-
compared with the results of the commercially available IDEXX PRRS ELISA TEST KIT (Table
2.3). The IDEXX PRRS ELISA procedures were performed using the standard protocols, by
which the presence or absence of antibody to PRRSV is determined by calculating the S/P ratio
of each sample. If the S/P ratio is less than 0.4, the sample is classified as negative for PRRSV
35 antibodies, and if the S/P ratio is greater than or equal to 0.4, the sample is classified as positive

for PRRSYV antibodies.
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CITO%FS'FE ()- 9% 110068 Fe () - O% W&' ) - DX PISEERARE () - 9*
T110%-$"F& ()-9*[\]~ _"BoS74 1 ! 7 =
O 7 %%N}-ICS\ 2\ Normah /F$ ratxg) ?\lormahzed
signal * Signal*
5 Cut-off threshold 90.2 0.40 '
1(-) 0 0 0.10 0.25
Pig 2(-) 10 0.11 0.17 0.41
Serum 3(-) 35 0.39 0.24 0.60
Samples 4 Wesak (+) 155 1.72 0.73 1.83
10 5 Weak (+) 140 1.55 0.63 1.58
6(+) 310 3.44 2.0 5.00
7+) 250 2.78 2.1 525

The normalized signal of each sample is defined as the ratio of the frequency change of
15 the sample, AF yyppe OF (S/P) gumptes t0 cutoff threshold frequency. Each serum in Table 2.3 with
a measurement normalized value larger than 1 can be classified as a positive specimen. Serum
samples 1-3 were identified by a Pz sensor as negative with a normalized signal range from 0-
0.39, whereas the normalized signal from the IDEXX ELISA was in the range of 0.25-0.60.
Serum samples 6 and 7 were strong positives with a normalized signal from the Pz sensor of 2.8-
20 3.4, and the IDEXX ELISA gave a normalized signal of 5.00-5.25. Serum specimen Nos. 4 and
5 were identified as weakly positive. The normalized signals for both the PRRSV Pz sensor and

the commercial IDEXX ELISA were only a little bit higher than 1.

E) Reproducibility of the ORF 5 PRRSV Pz Sensor

25 To monitor the reproducibility of frequency change from sensor to sensor, several sera
samples were detected multiple times with different fabricated sensors (Table 2.4). The standard
deviation was in the range of 5.0-15.0%, which was comparable with IDEXX results and were

acceptable.

30
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AF (Hz) ( %(_-)9* 3 (Weak +) 4(4) 5(+) 6(+)

Times

1 90 10 140 310 225 295

2 55 20 115 250 195 310

3 60 5 -- 320 250 -~

4 - -- - 240 - -
Ave#SD  67.849.9 153423 127.5t17.7 27554233 223.2+£27.5 302.5+17.5
RSD (%) 14.6 15.0 13.8 8.5 12.3 53

-)

F. Reusability of the sensors

The reusability here refers to the case in which a fabricated crystal was used to detect a

negative serum first, and it could be reused to perform another assay. Four fabricated crystals (1-

4) were employed to detect two negative control sera, and two positive control sera in different
order. The result is shown in Figure 10. Crystal 1 was incubated with negative control 1 first,
with the resulting signal, AF, being 36 Hz. Crystal 1 was then incubated with negative control
2 and produced a 50 Hz frequency change. Furthermore, this twice-used crystal was then
incubated with a positive control and the produced signal was 225 Hz. Crystal 2 was used as a
reference, by which the same positive control was detected directly, and produced a 250 Hz
signal. Another two crystals were used to perform a similar experiment. Positive control 2 was
detected by a once-used crystal and directly by a new crystal. The produced frequency signals
from the two tests were very close to each other, and the SD was within the proposed SD, 15%.

This indicated that fabricated crystals can be reused at least 3 times without obvious loss of

sensitivity.

Example 3

erati ed a
After a positive sample assay, the regeneration of fabricated crystals can be performed.
by a pH-shift. Soaking the used crystal for 30 minutes in buffered boric acid/KCIl-NaOH, pH
11.0 (50 mL of 0.025 M borax + 22.7 mL 0.1 M NaOH) can remove the antibody from the

immunocomplex. After washing with distilled water and PBS buffer the crystal can be used for

TTO% S F& () - 9%
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Dichromate acid (10 g potassium dichromate dissolved in 30 mL hot H,0, let cool, add
5 70 mL concentrated H,SO,) washing solution was found to be the best way to strip the whole
coating from a fabricated sensor surface. It is suitable for almost all surface conditions. For
example, a thiol compound modified surface has a strong linkage between gold and a sulfur
atom. Treating the said surface by dropping 10 pL of dichromate acid solution for more than 15
minutes, followed by rinsing with distilled water can make the frcthency return to the original
10 base line F,, and any ne§v surface modification is permissible on the newly built gold surface.
Figure 12 shows the comparison of regeneration ability of dichromate acid solution and hot
Piranha for the thiol compound treated surface. Recombinant PRRSV protein immobilization
directly on gold is proved to be rather stable. The regeneration for a PRRSV adsorbed gold
surface involves incubation of the surface with dichromic acid for 15 minutes.
15 The interaction of ¥-APTES on gold is based on three gold and oxygen linkages.
Regeneration of a y-APTES treated crystal can be achieved by washing for a long length of time.

Figure 13 shows the regeneration ability of dichromate acid washing solution for APTh and y-
APTES treated crystals.

20 While the invention has been disclosed in this patent application by reference to the
details of preferred embodiments of the invention, it is to be understood that the disclosure is
intended in an illustrative rather than in a limiting sense, as it is contemplated that modifications
will readily occur to those skilled in the art, within the spirit of the invention and the scope of the
appended claims.
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270

DNA
Salmonella enterxitidis

CDS
(1)..(270)

1

tct act gct ggt acc gct gaa gcc aaa gcg ata gect ggt gec att aaa 48
Ser Thr Ala Gly Thr Ala Glu Ala Lys Ala Ile Ala Gly Ala Ile Lys

1

ggt ggt aag gaa gga gat acc ttt gat tat aaa ggc gtg act ttt act 96
Gly Gly Lys Glu Gly Asp Thr Phe Asp Tyr Lys Gly Val Thr Phe Thr

20 25 30

att gat aca aaa act ggt gat gac ggt aat ggt aag gtt tct act acc 144
Ile Asp Thr Lys Thr Gly Asp Asp Gly Asn Gly Lys Val Ser Thr Thr

35 40 45

atc aat ggt gaa aaa'gtt acg tta act gtc gct gat att gcc act ggc 192
Ile Asn Gly Glu Lys Val Thr Leu Thr Val Ala Asp Ile Ala Thr Gly

50 55 60

gcg acg gat gtt aat gct get acc tta caa tca agc aaa aat gtt tat 240
Ala Thr Asp Val Asn Ala Ala Thr Leu Gln Ser Ser Lys Asn Val Tyr

65 70 75 80
aca tct gta gtg aac ggt cag ttt act ttt ' 270
Thr Ser Val Val Asn Gly Gln Phe Thr Phe
85 90
<210> 2
<211> 90
<212> PRT
<213> Salmonella enteritidis



1 109FS$"F& ()-9%( ! 10%$"F& ()-9*BoS74  C11OMd\2\L ! &) - OF
1109 F& ()-9* 1 10%$"F& ()-9* I 10%$"F& ()-9*_?74 hOgAFj;Aﬁ‘g?dﬂ)'_
1109F$" F& ()-9*  C110%$"F& ()-9*  C110%$"F& ()-9* 1 10%$" F& () -9

| 109%F$" F& ()-9* 110%$"F& ()-9*_274 | 109%°$" F& () - 9%
L109F$"F& ()-9* 110948 F& ()-9* PA0uFsF& ()-9* 1 109%$"F& ()-9*
| 109%$" F& ()-9* vV6?274 1 10%$"F& ()-9* ! 10%$"F& ()-9*
| 10%FS$" F& fobs95 ! 10%F$" F& ()-9*M d\2\! I-_274 " 110%$"F& ()-9*
| 109%$" F&dy) 78E aval d09FhE Flla( br0h1a LyEONESD TEE k- Oty Alh INWFHYFE () - 9%
| 1098 F& (n-9r- . /345vZ>974 1 10%S'FEM) -9+ | 1098 RE () - o
| 100" F& ()-9*M d\2\| 1 100FS" F& () -9*567: . <=@T44 1 10048" F& ()- 9"

| 109°$" F&EXY S8y Lysi $ha488y Fgr jfh@ﬂﬂe ﬂ%%:é*vﬁé"'l(v) Yol The F

Ile Asp Thr Lys Thr Gly Asp Asp Gly Asn Gly Lys Val Ser Thr Thr
35 40

Ile Asn Gly Glu Lys Val Thr Leu Thr Val Ala Asp Ile Ala Thr Gly
50 55 60

Ala Thr Asp Val Asn Ala Ala Thr Leu Gln Ser Ser Lys Asn Val Tyr.
65 70 75 80

Thr Ser Val Val Asn Gly Gln Phe Thr Phe
85 90

<210> 3
<211> 630
<212> DNA

<213> Porcine reproductive and respiratory syndrome virus

<220>
<221> CDS
<222> (1)..(600)

<400> 3

atg ttg ggg aaa tgc ttg acc gtg ggc tgt tgc tcg cga ttg ctt tct 48
Met Leu Gly Lys Cys Leu Thr Val Gly Cys Cys Ser Arg Leu Leu Ser
1 5 10 15

ttg tgg tgt atc gtg ccg ttc tgt ttt gct gtg ctec geec gac gecec cac 96
Leu Trp Cys Ile Val Pro Phe Cys Phe Ala Val Leu Ala Asp Ala His
20 25 30

agc agc agc agc tct cat ctg caa ttc att tac aac ttg acg cta tgt 144
Ser Ser Ser Ser Ser His Leu Gln Phe Ile Tyr Asn Leu Thr Leu Cys

gag ctg aat ggc aca gat tgg cta gct gat aga ttt gat tgg gca gtg 192
Glu Leu Asn Gly Thr Asp Trp Leu Ala Asp Arg Phe Asp Trp Ala Val
50 55 60

gag agc ttt gtc atc ttt cct gtt ttg act cac att gtc tcc tat ggt 240
Glu Ser Phe Val Ile Phe Pro Val Leu Thr His Ile Val Ser Tyr Gly
65 70 75 80

gcc ctc act acc agc cat ttc ctt gac aca att gct tta gtc act gtg 288
Ala Leu Thr Thr Ser His Phe Leu Asp Thr Ile Ala Leu Val Thr Val
85 90 95

tct acc gecc ggg ttt gtt cac ggg cgg tat gtc ctg agt agc atc tac 336
Ser Thr Ala Gly Phe Val His Gly Arg Tyr Val Leu Ser Ser Ile Tyr
100 105 110

gcg gtc tgt gecc ctg get geg ttg act tge tte gte att agg ttt gta 384
Ala Val Cys Ala Leu Ala Ala Leu Thr Cys Phe Val Tle Arg Phe Val
115 120 125
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ata gag aag agg ggc aaa gtt gag gtc gaa ggt cat ctg atc gat ctc 528
Ile Glu Lys Arg Gly Lys Val Glu Val Glu Gly His Leu Ile Asp Leu
165 : 170 175

aaa aga gtt gtg ctt gat ggt tcc gtg gca acc cct ata acc aga gtt 576
Lys Arg Val Val Leu Asp Gly Ser Val Ala Thr Pro Ile Thr Arg Val
180 185 190

tca gcg gaa caa tgg ggt cgt cat fagatgactt ctgtcatgat agcacggctc 630
Ser Ala Glu Gln Trp Gly Arg His -

195 200

<210> 4
<211> 200
<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 4

Met Leu Gly Lys Cys Leu Thr Val Gly Cys Cys Ser Arg Leu Leu Ser
1 _ 5 10 15

Leu Trp Cys Ile Val Pro Phe Cys Phe Ala Val Leu Ala Asp Ala His
20 : 25 30

Ser Ser Ser Ser Ser His Leu Gln Phe Ile Tyr Asn Leu Thr Leu Cys
35 40 45

Glu Leu Asn ‘Gly Thr Asp Trp Leu Ala Asp Arg Phe Asp Trp Ala Val
50 55 . 60

Glu Ser Phe Val Ile Phe Pro Val Leu Thr His Ile Val Ser Tyr Gly
65 70 75 80

Ala Leu Thr Thr Ser His Phe Leu Asp Thr Ile Ala Leu Val Thr Val
85 ' 90 95

Ser Thr Ala Gly Phe Val His Gly Arg Tyr Val Leu Ser Ser Ile Tyr
100 105 110

Ala Val Cys Ala Leu Ala Ala Leu Thr Cys Phe Val Ile Arg Phe Val
115 120 . 125

Lys Asn Cys Met Ser Trp Arg Tyr Ser Cys Thr Arg Tyr Thr Asn Phe
130 135 140

Leu Leu Asp Thr Lys Gly Arg Leu Tyr Arg Trp Arg Ser Pro Val Ile
145 150 155 160

Ile Glu Lys Arg Gly Lys Val Glu Val Glu Gly His Leu Ile Asp Leu
165 170 175

Lys Arg Val Val Leu Asp Gly Ser Val Ala Thr Pro Ile Thr Arg Val
180 185 190
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organism of an infectious agent associated with Salmonella enteritidis (SE) or PRRSV,
comprising:

a) immobilizing an antigen from said infectious agent or an antibody specific for an
antigen from said infectious agent, on a piezoelectric (Pz)crystal;

b) measuring a resonant frequency of said crystal following step (a);

c) contacting said crystal with a biological specimen from said organism to be tested,
wherein said crystal was previously used in a test which was negative for said
infectious agent;

d) measuring a resonant frequency of said crystal following step (c);

e) comparing the resonant frequency measured in step (b) with the resonant.
Frequency measured in step (d) wherein if the difference between the two
frequencies is equal to or greater than a cut-off threshold value then said biological
specimen is positive for the presence of said infectious agent.

2. The method of claim 1 wherein said antigen is a recombinant antigen.

3. The method of claim 1 wherein following step (a) said crystal is contacted with a
blocking reagent.

4. The method of claim 1 wherein said antigen is a transmembrane envelope protein.

5. The method of claim 4 wherein said transmembrane envelope protein is recombinantly

produced as a fusion protein comprising glutathione-S-transferase.
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m the group consisting of 1) physical adsorption onto a metal or polystyrene modified
crystal and 2) covalent binding onto a polymer, silane or thiol compound treated crystal.

The method of claim 6 wherein said immobilizing is performed by dipping said Pz crystal
into a solution of said antigen.

The method of claim 1 wherein said biological specimen is diluted prior to said
contacting.

The method of claim 3 further comprising washing steps following step (a), the step of
blocking, and step (c) wherein said washing is with a physiological buffer comprising a
detergent.

The method of claim 9 wherein said physiological buffer is a phosphate buffered saline.

The method according to claim 3 wherein said blocking reagent is a non-active protein.

The method according to claim 11 wherein said blocking agent is bovine serum albumin
or casein buffer. '

The method according to claim 3 wherein said blocking reagent is applied by a dip
technique or a drop technique.

The method of claim 1 wherein said contacting with a biological specimen is performed
in a liquid phase or in a vapor phase.

The method according to claim 1 wherein said cut-off threshold is defined as the mean
value of negative controls plus three times the standard deviation.

The method of claim 1 wherein said antigen of the infectious agent Salmonella enteritidis
(SE) comprises a peptide of SEQ ID NO:2.

The method of claim 1 wherein said antigen of the infectious agent PRRSV comprises
ORF 5 of PRRSV.
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21.  The diagnostic kit of claim 20 wherein said antigen is a recombinant antigen.

22.  The diagnostic kit of claim 21 wherein said recombinant antigen of the infectious agent
Salmonella enteritidis (SE) comprises a protein of SEQ ID NO:2.

23.  The diagnostic kit of claim 21 wherein said recombinant antigen of the infectious agent
PRRSV comprises ORF 5.

24. A method for performing an immunodiagnostic test for the presence in an organism of an
infectious agent associated with Salmonella enteritidis (SE) or PRRSV disease,
comprising:

a) immobilizing an antigen from said infectious agent, or an antibody specific for an
antigen from said infectious agent on a piezoelectric (Pz) crystal;

b) measuring a resonant frequency of said crystal following step (a);

c) contacting said crystal with a biological specimen from said organism to be tested;

d) measuring a resonant frequency of said crystal following step (c);

e) comparing the resonant frequency measured in step (b) with the resonant frequency
measured in step (d) wherein if the difference between the two frequencies is equal
to or greater than a cut-off threshold value then said biological specimen is positive

for the presence of said infectious agent.

25.  The method of claim 26, wherein said antigen is a recombinant antigen.
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29.  The method of claim 24 wherein said immobilizing is performed by a method selected
from the group consisting of 1) physical adsorption onto a metal or polystyrene modified
crystal and 2) covalent binding onto a polymer, silane or thiol compound treated crystal.

30.  The method of claim 29 wherein said immobilizing is performed by dipping said Pz
crystalinto a solution of said antigen.



