| M1 TITLE OF THE JNVENTI ON A NOVEL | MMUNO- DI AGNOSTI C TEST METHOD FOR
VETERI'NARY DI SEASE W ELD OF THE | NVENTI ON 5 The present invention is related
to an apparatus and nethod for perform ng inmmunodi agnostic testing for
veterinary disease. In particular it is related to the detection of the
presente of viral or bacterial antigens by nmeasuring specific antibodies in
ani mal body fluid i n which viral or bact édrial proteins serve as the antigens.
Hi ghly specific apty _Qg% interactions. are utilized to bind

anti bodi es onto rystal transducer for detecln. 10 BACKGROUND
OF THE | NVENTI ON ANeVBuMNM@s@-DoyNCand THESH SETHOD EOR SEBERINARY DISEASE t O

illum nate the background of the invention or provide additional details
respecting the prf‘é@&?—@%&&ﬂﬂ% porated by reference, and for convenience
are respectively gr oun@dpr&santmn@pp@mm tblﬁtapgiratﬁeinerr@aa@@%r ae'ﬁfomn he
veterinary di agnostl o %gqm%%s&nﬁg%: L}g}“’r‘f{}ggmel nm} mﬂgatedt ?&I{eﬁgn e tic testing

is to diagnose di"§€®: PRVol Ve Y ESTTHY ¥sence of
viral or bact eri aresad if giehs bactegsl amipdnk bmuﬁwsngtseﬁciﬁhemodﬁ ladliirtlélbwwﬂulm hodol ogi es

practicing this a&(lﬁlchsx”(ghor%ctéﬂalr &&telﬁsssgjx@'gs' tgé]antlge'ng Ug; hl?@é‘é&ﬁ@gdtléﬁtahtﬁlgdy plate
aggl utination, hemaggl utination inhibition, i rrrrunog fusion | assical

m cr obi ol ogi cal cHFRgEPRs afe sk tobirdantitqgliesontg p plezeglecisic Pyl repsdups BrdsteeRpPaphy, and

thin | ayer 2@ chromatography, are very slow and costly, requiring days or even
weeks for confirngfiQn g A8 nvEnASKE! erate and sinplify current

I mmunoassay techn'_e‘s_Ll[iEEeﬁU'S‘e—“&'}Lm—gﬁl qu | y specific antigen- antibody reaction

i s becom ng increasi nHieyuplisgsionstapdrither Meterialyived ein g dllvmipste fhg Hickiromdiniobs say

(RIA), i mmunof | uokR§aBiGR VRS SidMonkl ldEA respemymcﬁoe kR hobrpor 6L BRAnAS Say
(ELI SA), and Western inmunobl ot consi der abl e degrees of

success and have SrE"E&Ye ?r?f“p?"é“'& SEP Hhﬁvp%ﬁ‘ SOHESt FE " SBor at ory nowadays.
Most of the daid i muhdassaipgy dirgostoladaehe the ngst domlmor medioi dygnostivadstingse

relatively ex pensgogg nogqgé&r(@ml mf&«ﬂl(} inddilc |88, Me%gglﬁ%lofvuja\.@%cérﬁlsah‘fgeﬁqnvol ve
mani-pul ati on and rnul mfﬂgﬁs procedures. For exanple, a traditional solid phase

sandwi ch i mmunoas¥&5f toxilieF‘anadé‘Pnab‘é‘%?toéq“ig&f pragigine iyt Ak podRlysoladpat @t i on
conpri ses the f ol hatiliBgiop pReegiiasgion, (Ehagknmmbh liinbitog inntdoiaaihantsigen pepti de

to a 30 solid SUpBB&h 1o FRACLANGed, TR Blebl §uif Wb RRIALRNLIIER (P M Step (a)

wi th sanpl es suspect
20 ch:omato graphy, are very slow and costly, requiring days or even weeks for confirmation results.

To accelerate and simplify current immunoassay techniques, the use of highly specific antigen-

antibody reaction is becoming increasingly important. Techniques such as radioimmunoassay

(RIA), immunofluorescence assay (IFA), enzyme-linked immunosorbent assay (ELISA), and

Western immunoblot (WB) have shown considerable degrees of success and have are used in
25 veterinary diagnostic laboratory nowadays.

Most of the said immunoassays are conducted in laboratories that use relatively expensive
equipment and skilled personnel. Most tests involve manipulation and multiple procedures. For
example, a traditional solid phase sandwich immunoassay for viral or bacterial antigen/antibody
detection comprises the following procedures: (a) Immobilizing antibody/antigen péptidc toa

30 solid support, (b) Reacting immobilized antibody/antigen from step (a) with samples suspected
of containing antigen/antibody against coated antibody/antigen to form an immunocomplex, (c)

Washing the immunocomplex of step (b) with washing solution comprising detergents to remove



of containing antigen/antibody agai nst coated anti body/antigen to form an

i mmunoconpl ex, (c) *Washing the inununoconpl ex of step (b) with washing

sol ution conprising detergents to renove 2 unbound anti gen/anti body, (d)
Reacting the immunoconplex with an enzyne or radiol abel ed second anti bodies
to forma sandwi ch conplex, (e) Separating the sandw ch conplex from unbound
| abel ed second anti bodi es by washi ng, (f% Reacting the sandw ch conplex with a
conpound able to act as a substrate for the enzynme or radiolabel so that the

catal ytic react QBuRaRigennttddis @ REabHHB b krfRlnbbmPONIithQh 8Gyme DARdUEE:1QT
radi oi sotope- or enzyme-|abel ed secaond anti t he aslisa%rPgr cedures

presents probl eﬁeﬁ"’l‘}fan\’ﬁé@‘fsé" Hh PRy R Ee e’héeg)geé’g‘étg‘g R g2dys thié™assay. The
mul tiple reacti ombougdrigelessend anitodiep hywishiog 0@ Reaotme therrgdwieig impex 84th@ hours from

initial sanple chrr%g\gﬁ leﬂgacteg glgétxlatgﬁ); e en%et)llrgh?ollab&% tixesmmlyttl(?eaatﬁ)gkunr ements for

refrigerated stor ag}a , expensive equipnent, and 10 reliable power
suppl y make 5t he &% Vletf‘@ﬁh%?”&%f@’s difficult to performoutside a well-equipped

| aborat ory or under Thi gk df e@s@iopd- en@zynAtutbamﬁe&nd mlm)\dyernmmaﬁ peceliiresi t at i ons
i nposed by these r vari ety of

ra pl d i mmunoass g seﬁtggﬁlglgla%s oP%tetP) ﬁFn%Wﬂncreasei Qe cost oF t\f{e assaﬁnUe mult Spfle react(chEI ) dot
i Muno- bi ndi ng a®sass {nidlor)inculaiia tipg refuing 8-1Qlwps fr@,ﬂll @tldwplsmomrxg@rﬂeh@yt s 15 are

devel oped for tfa?ﬁn&%tﬂtsnﬁe Jealaeﬁea&Qﬁ'séfrigerﬁm@ﬁge%fIfe%emsvag@klmaﬁgrﬁani ald serum
anti bodies. In these assa

antigens are trocel | ul ose strips
or sheets, ¥nd $@RYe povgr S&R?él‘?‘%%lth"oﬁ aéﬁ%‘&ﬂb‘ﬁﬁ&%“lbﬁﬁgfr’%?‘ﬁ‘dﬁé‘wel AiPE%h/ ant i body
corrplv exes are detesebgdr whdr heleéwrditiras.conj ugat ed anti gl obulin and devel opnent of
a colored, 1nsol uble,aiifish o@&&.‘mg{hQﬂ}dﬁ&nmsT.?ﬁf§edtbg&fese@éqll&\é@mmaoec@mtﬁw the serum

detection within a re hough t hese assays have
i mproved the ut ideyetopmeng op gt Eighe of FRid) HIHBPREIHT PeBMYi FBiEHle; JetheFr™usef ul ness
is still Sonemaﬁmhdoﬁﬁka'fy@ﬁIMt ﬁnhﬁndlﬁrtdﬁl@'&ds@kDIAl) eﬁmaﬁcat Mﬁﬁleﬁ@nﬁhdnbr\/ﬂew i nher ent

in enzyme- :_'Ie ked s Xleveggg F {outmx la&cg% n 1ag&>sh eor v1r11£ac§31pat?0| fmI a(r:ltlbac‘)crlllt sI in t%eggm nogl obul i n

reagents ( sber 1% ng a ra ave a een made to
sinplify and nodésy, mmmma@kiqn@maﬂmdhﬁmﬁ@aw@yts andlﬁersafe palicdae abﬁﬁben‘s 695, 928

di scl osed an i MUREGS. %tléé%ﬂmdﬁcogx lege.hﬁe d’e@@éd%tﬁl%ﬁ&tcbmm@f ant@glo‘%@fn'aﬁi y 25 of
t est subst ances a test invention is th t

extraction and |d§8f°a?1?“6ﬁfa(ff)1°{$é‘s‘fl‘ébﬁsu‘ésﬁﬁ%‘fr&‘{‘i‘é ﬁi&f&?fh”ﬁlo‘gﬁ FFPRREREE™S with the
formation of t helepaionsithyh aaddivdyesherttes(l-Sbdbapiciese conytaeimpdive thppilivar y

antigen-tes by Su bo%FsE&E‘ ?—;@ laG&m %m’nﬁer{t heR ety Es%ﬁlll éo&c\ﬁmatslﬂmedjbynm%%mfap r mat

having a plurality Interstitial spaces which facjlitate rapid and efficient
det ecti on. temperature sensitivity inherent in enzyme-liked systems, and by the need for the specific anti-

immunoglobulin reagents (Heberling and Kalter, 1986).
Other attempts have also been made to simplify and modify the traditional immunoassay.
U.S. Patent No. 5,695,928 disclosed an immunoassay capable of the rapid detection of a variety
25 of test substances in a test sample. The feature of the invention is that extraction and isolation of
(he test substance occur simultancously with the formation of the primary antigen-test substance
complex. The primary antigen-test substance complex is then captured in a solid phase format
having a plurality of interstitial spaces which facilitate rapid and efficient detection.
U.S. Patent No. 5,630,924 disclosed compositions, methods, and apparatus for
30 performing ultrafast binding assays by capillary electrophoresis or other electroseparation

techniques.



U S. Patent No. 5,630,924 disclosed conpositions, nmethods, and apparatus for
30 perform ng ultrafast binding assays by capillary el ectrophoresis or other
el ectroseparation -techniques. 3 U S. Patent No. 5,565,365 disclosed a system
for assaying a fluid sanple by detection of radiation emtted froma

| i gand/ conj ugate conplex forned on a plurality of beads dinensioned wthin a
speci fied range of dianmeters. The beads are disposed as a porous mass in
conduit adjacent to a fluid-porous screen having pores of |esser dianeter

than the range of diageiekSo. @t65565m04ae@4§§emtﬂra@iaﬁﬂgalﬂhxaymn@r%bp@feamgmetl c
part| cles is SUSg Qd%gmtteé:g"rocr)nsa an concugell’gedc%l tle ermedon ura1 ofbedJ gtmensmnedSUf ficient
intensity to array tHe paranagneti cepartcl esa¥ Ifyl orous screen. U S.
Pat ent No. 5, 554yiBiQ sdqcsﬁed os@Edf émnmss &y tzads e disposrd aaa Pérens dlasawpt}nél}lt typically
enpl oying a fl anﬁﬁc%&%tﬂutd%gmus-@f&n §a)6§1& E‘d?és%ﬂé@err Hl%éer%adtﬁ%ggmfﬂle&sgf focussi ng
bot h exci tat| on | uor escent radr at.i on, -fl ow conducting conduit

bei ng provi ded ithf bF"rﬁ‘é %%%*Wéstfaéms%c %lesﬁ%ﬁg’e‘lé‘?ds‘aé‘l"if oty S pREEs)  axi s of

and t hrough the ttem(z)aéufﬂceghmmfto driethd @tain&hetic Qiiecled bs thafuld-pold@cbradni cal screens

are di sposed adj ace t | on, i.n r passage of
beads as a functi onn% Igea °d|5§$§‘é?3t“%r &ﬁteant?ssa%ggterg?%%;ﬁé%de%'g%g %?C%ﬁy | east a
moi ety of a | i creonldyiegnfjuprgssenétag dhgslssr compriges aépnweaeleﬁfewwnaétthg(cmhgrand are

pr Sf erably su ba t a%mdlgﬁkclad( rablib RS PEH SO contt@ndgetnlhmt g fr¥6del AltleQdhs ansldihd uor Ss cent
radi ation. is SCI 0S noassay evi ce
conpri sing & si nﬁ’f‘séers“é)y {’}Itﬁes"pﬂ’élﬁﬁ?s Oﬁ ﬁ‘ﬁ'tglhskgrft’/célsre%\? %%Fﬁaﬁﬁr ggyﬁe“h(tr support and

a spent reagent m@taemal!mdensa%heposedm&ma)seafgcald&wnmehecdndmetotasestmeaa‘elmw of sanple
and reagents wi tdt&af; af laerun@@o\é'o%egdralaﬁm@@@tteteactshﬁtcoatel%M%&% Rodof 2t er al

di ffusion and backf| ow of reagents w t hout the necessity of additional

external neans. BErdpgeaipomelit © N&SPC‘Bﬁ“’z*’S@‘“Blzgz‘lﬂddtfsltf‘ff%%bed“bé‘f‘f‘“iﬂH ‘stswdmf aser

magneti c immnoatsscaythé&MaA)nanmtohaﬂnm@h el i m nated the step of BfF

separ at ion ggner al | yUgeﬁHalntrI\?o 5&19 OgShclescllos%‘ elaI 1n n\iettcgals]so evice col‘n 9§§1?st The

| aser magnetic inmunoassay pernmts a uan”’ lve det erm n t ar get

i mrunol ogi cal sumysotlamerebrm&at Ewepn beth aamein@epp@rt apfivt $PBRY EFipESSt, refteyﬁ*pﬁ@%yt es,
viruses, tumor ﬁelut&ss@mgvldeatee@meﬁlomtah@e addmeagéatsmtmt &vx@&hh‘hh&grtﬁa@nt ai ni ng
both bound and free s int. r’r&gnetlophoretl C.

nsi
scattering of a Tlgg'gtep%oéélnﬁeﬁalsﬁguﬁ‘snearn%gﬁ whéh Xﬂtgﬁ‘és E 8‘1“ FaeegG B C ont ai ns
magneti c- | abel edferrblowrad- t ar get anal yte, while no such i ncr ease is observed in

a control test sol ut{;@NpLANMtRkhidRYs AR-Yed bl &:-s1£ 12 QY Albnetlc GRBEBLsSy MIA)

magnet ophoretic LM A ap Ear at us
method which eliminated the step of B/F separation generally required in the labeling method

of immunoassays. The laser magnetic immunoassay permits a quantitative determination of a
target immunological substance, for example, antigens, antibodies, lymphocytes, viruses, tumor
cells and infected cells, in an analyte solution containing both bound and free species. A

25 transitory increase in the magnetophoretic scattering of a laser beam is observed when the analyte
solution contains magnctic-labeled, bound target analyte, while no such increase is observed in
a control test solution containing only the relevant reagents. A magnetophoretic LMIA apparatus
is provided which includes a magnetic gradient-generating device, which forms an integral part
of the in-situ LMIA.

30 An alternative method to perform the assay of antigen or antibody is the use of an

antigen/antibody-based biosensor. Biosensors offer the advantages of inexpensive equipment that



is provided which includes a magnetic gradi ent- generating device, which forns
an integral part of the in-situ LMA 30 An alternative nethod to performthe
assay of antigen or antibody is the use of an antigen/antibody-based

bi osensor. Biosensors offer the advantag es of inexpensive equi pnent that 4
can be taken out of the |laboratory to where the sanple nmay be added by
unskill ed personnel; the result would i%gally be avail abl e rapidly.

| mmunosensors can detect the antigen/antibody concentration either by direct

conpetitive and ¢ spikeRTBNL latoRBE b MRE R kdMpledfay BeQddeDB) unidBURRABIANS OF by
di rect changes in {t qu(#glerb out&g éKar ube and Suzuki, 1986). For the 5
former type of sYStéf Y P8 AGE G R G IBPUARE A £ hthy ﬁ’E‘Igii’ffé%“@btl cal ,
anperonetric, amgncertatinoghentyc difectmenipetiive Al diSilaveneat readiofshgmilar adi thd onal
mmunoassay, b hesuiRLEE b HMPLIALS, «HENRE M (G EEULS 8 &M%éﬁ o he | abel ed
receptors and several preparative steps e overa . An alternative
sensor systetn WRTEhYBEA SYHER theornee ﬁ%%%fmtiagséwﬂ%mmhﬂwﬂqahﬁl@ﬁe@@ﬂrl@mn%y di rect
changes in tr an&ddi&ﬁé’mlﬁumﬁhﬁmsmd Smﬂarrmslsﬁﬂeirom&ﬂn&ﬂoass@;nwe detdNbrSm&IRASOr system
can moni tor an 106116?3 glll‘ lesgéfl?a%qéﬁr (?r;[z!n pevquilrr% atlyespéstolﬁgovg:rea gSCtI on Of mass
change. The assay cohcept a procedure are sPi 6t potentially

hazar dous nat er i §t6m§1Ve$er1M watledthCAnanemmy |the antfegr-antibridg lme;apta)ncw dggestem i s the
pi ezoel ectri C ( Phdng&iy §:Inﬂuceg§1‘t'ﬂup§ -a n‘négstdgteétlbﬁ SnSY Fhi€ ThsoPSSAY SR LY gas phase
and in sol u on ar%g A Pz cr %es% devi ce consjsts of a quartz crystal
waf er sandwi hedanB ?ﬁiyt‘%“’?‘rﬂ‘fe [fy by 1B qslegiion PiBEs Shagfelhe PER PEIR S Dr ovi de
nmeans of connect provgluteae sihly ind @nytuse ol pot@rdlig haxalioudsdérials tebmingeéds Sudxtmpld hat dri ves
the quartz CryStf@Jﬂn?‘{y?é F@stgxgﬁ:%ﬁgéoeltgtr%q#ﬁﬁgsédeg é %/ntl{ q %chéésa!y ﬁﬁrpendent on

the mass of the crys any ers confined to the
el ectrode areas %ﬁfpﬁaﬁéndc"t‘%lf%mmﬁliﬁnges in mass on the surface of the

el ectrode thus changg Pk brgstal neerqu@ﬂ@syg Dk qaah;ecr@damfa sdatiyiste@betwd¥h GhoGial ance (QCM

deVI Ce The yse eq tl'()%e ZleC (o] SCtOrV{deCm Pz&coose(:tl lh eVlcetoane)?ferE OSClPat(!rgll'C tt)I OnEdI Cal
20 sensor is based S e reldations of “the fregquency hd' t he nass

| oadi ng on the sfthﬁftfila@ethe Qfrtz pringtal ﬁﬂys@@htfdeswa%e@mwr hécpﬁ@bﬂtgwlwgasequati on:
OF= - 2F2Am / A( p5<9f)ther&ry\£\/€lears%velﬁasﬁhe'n$assto@%y%@éwn@ﬂd foraeAuenRayarshbfte cns@. 1 s the

fundanment al frequency. of the e area coated, Amis the mass
change due to su %‘n H’%Sﬁiﬁ‘étpetsl‘%‘ﬁ ﬁ‘ﬁ]elf"gwf s < haé‘ﬁ%tp FIsEeY Pl Qs Gl t 2 cryst al
(2.648 g cm) andic®bilacet(@eMpladar Thaosed off ap®zoe2ctB47X SO latqy ascupp@itialdidzhedionl.  AT- cut
quartz crysbgl s) senshNEoalB SSthSBRRBhshib Yf thelreqiity BBn A aRGHd REdoRRg on the surface
of the crystal described by the following equation:
AF = -2F2Am/ A (pguy) "
where AF is the measured frequency shift, Fyis the fundamental frequency of the Pz crystal, A
is the area coated, Am is the mass change due to surface deposition, p, is the density of the
25 quartz crystal (2.648 g cm?) and p is the shear modulus (2.947x10" g cm s* s? for AT-cut
quartz crystals). The mass sensitivity can be described as:
S=2F>/(pguy)
For a 10 MHz. piezoelectric crystal, mass sensitivity S = 0.227 Hz ng"! cm?, predicts that 4.4 ng/
cm? of adsorption leads to a frequency change of about 1 Hz.
30 Pz crystal based immunosensor technology is the combination of the use of a Pz device,

protein immobilization, and antigen-antibody interaction. The key to constructing a Pz



S=2Fo /(pg9) irz For a 10 MHz piezoelectric crystal, nmass sensitivity S =
0.227 Hz ng' cnR, predicts that 4.4 ng/ cnR2 of adsorption |eads to a
frequency change of about 1 Hz. 30 Pz crystal based i mmunosensor technology is
t he conbination of the use of a Pz device, protein immobilization, and
antigen-antibody interaction. The key to constructing a Pz 5 i nmunosensor is
the surface nodification by which a sen5|§|ve antigen or ‘anti body receptor

| ayer is created so that the target analyte fromthe sanple can be adsorbed

sel ectively. Metihedssaior @ﬂl@luﬁ‘kc@mbd’mﬂt@h {))1 Mﬁh@ﬂltl%ﬁjgeﬁ&aﬁtl%yte@éa{of IQ’}Q; ion of a

bi osensor include Epd (Hg adso%j)pg ntq a suaﬁ % (nmetal or polyner),
entrapment wi t hi hE TTENBT 4R & HAY ST R 90 b o ﬁ‘bselfcé‘v‘i]%e support (WI1lians
and Bl anch, 1994). AMkthatedfirods inmeobiizaerssdd ingtie favdoadon bled@sensof indudepasipl e, a

physi cal method Ad?orﬁ%pgr{td mgﬁoﬁl(llné{al%l' Egg}n{%r) %H&p&%gaﬁkﬂr?gm?n%rﬁe r;}ul gvacfe%.’lpl i ng

met hod that preserves protein activit wever, 1 n certarn situations, it
can be somewhat ‘?“é‘%ﬁéfos"i‘edPlé’o‘é%“‘alﬂsci’é%B%’f‘ 1%604‘6’@*‘?5‘%h4‘i?‘§jﬁ1n%a‘§'ﬂﬁ'¢fga%@fl oadi ng of

protein as coval &ahpl&e pt@klbangethddrk &&Mﬁér@lﬂﬁ simplEAHD tbgzlrdea alangn cdﬂ@ﬁr@@rﬁiﬁlod chem cal

bonds are nade bet e an e hed Sp eci e hough
general |y har shergatf) rﬁsewesgfoﬁm a%{w}%%‘%wﬁw & eFacl)“nsahéaE:l Hase B covE agrﬁ‘fers llenaﬂ‘% ng provides

the highest ir r égendg ipivide syhiflae eurfacﬁaldadmg ofibiocin a sovhlem ebuptingaln fogalert he

sensitivities OfinkddgiliSERARMhods, R BIBYRE are ﬁgy@b@mdlexmﬁ&lmpa&&ke@s&ae@r e
relatively s Si ?&gt to the operational conditions. In general, the

prelininary’ BeR gErsrakiarsen eyt bR SThPReS 2P Yals R b&’fi‘ég li."ﬁ"éde?r‘&? nt enance of
acti VI ty, a suf f highiee rifreversitiel Buirfa@f lodding chihialy js b&ﬂbﬁm&tfﬁrﬂlﬁagse&dhﬂ@d @nheadensbhe coat ed

protein on the cggtead, b8P B, profbhd &SRR LHURR L deABLiBll (AR, PL oVi de

di fferent sensor performance and are sult I %eren types of proteins
to be inmobili ze#freranie PYFIF%%WJE%‘”%WW&FPI&‘ﬁ?‘i"@’éh‘ma%bﬂﬁatmaf&P‘?glﬁlaqenaé?ﬁﬁ i ng was
denonstrat ed by ﬁhﬂ@sslsemc@t amoﬁxﬁefmmg,armdu&\@&ihmsadheashteagﬁ@rnm th@E’banl antigen on

a | ow energy.plastic n C (30 n_in
i (111 or St RoPrer RSl B PUEh RRealtrl ¥ e S Bt R By i ophobi o

20 bonds with pr@t@ff%@ttywpfexotmathehgnwlizdd antigen, the crystal was exposed to

an unknown anount Ofrheft“%tdsD&QNaﬁééhwab%smeQﬁnéM&%E&?&HS?anl@@ai ey anti body
and anti gen-coate éast al resulted .in the inmun of the antibody.

Frequency shift By PSR P LA GG ?“sa 1By Sy tp?af}‘r‘ieﬂ’atm% Fthet &SRent rati on
of the specific abtibhiody dilrifleainthylDienzeld, BovidRatadaytr cdiable of fi2didg HOGpidbiscl osed an

indirect i mwnoago%m&g{oteﬂgkﬁ&uan@V@ﬂmﬁg&nl B8 3% s od ilhSaR e, 11 whi ch
an anti gen was coval en coated onto a cr yst al havi ng a p0|
of antibody solut1on The immunoreaction betweén antibody and antigen-coated crystal resultcd

in the immunobinding of the antibody. Frequency shift caused by mass loading is proportional
1 to the concentration of the specific antibody in solution.
U.S. Patent No. 4,242,096 disclosed an indirect immunoassay for detecting an antigen
25 in a liquid sample, in which an antigen was covalently coated onto a crystal having a polymer
monolayer such as poly(2-hydroxy-3-dimethylamino-1,4-butane). The using of a polymer
priming surface followed by adsorption of the antigen was also disclosed in U.S. Patent Nos.
4,236,893 and 4,314,821, among others. U.S. Patent No. 4,735,906 disclosed a method for
protein immobilization using a crystal with a surface modified to form a layer of siloxane
- 30 polymer, which in tum immobilizes protein through amide linkages. Bastiaans (U.S. Patent No.

4,735,906) disclosed a method for an immunoassay using ST-cut piezoelectric SAW devices in



nonol ayer such as pol y(2-hydroxy- 3-di net hyl am no-1, 4-butane). The using of a
polymer “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 inmmobilization using a
crystal with a surface nodified to forma |ayer of siloxane 30 polyner, which
in turn imobilizes protein through am de |inkages. Bastiaans (U S. Patent No.
4,735,906) disclosed a nethod for an i mmfhoassay usi ng ST-cut piezoelectric
SAW devices in 6 u n T, u e. of tal s m)dlfled by
si | ane derivati ve%l&g):nygl}a%ox@gaﬁﬁ\acet(?ﬁ}rlgt%I%S%Fslf rrétor(iie C? éf FRG4or e Pat ent
Application No. %@iﬁ&f&%ﬂfﬁc@mw‘mc (GOPY); %mgenowpte@ daplicdien @@P%masééw y

i mobi 1§ zati on tedbniigded by sadubehbly hﬁloplﬂfafl&rtmn@l@ bPivhith thS S RIancs ¥4 €M was

greatly inproved conpared w.th. oth at| on.net hods. 5 Reconbi nant
t echnol ogy pl ayserénq? por t ant Iy'md’fovgicomgfzg%}f(ﬁ "8 °g8ﬁﬂ?5’1“&? 4 by which |arge

quantities of r econb‘imhﬂmmeév@@gmsl%anmmmgehmateedm&@nmbw qymdma’fgs of genetic

engi neeri ng. Th%umﬂllﬁbﬁécomlﬂ%%eﬂlgcaﬁ %ﬁmte@%e ﬂd%s%k&%etﬁ%m@&xngﬁguped into
four broad categories ‘fctllz’réfaemnﬁg 1993 % gl To obtain [arge quantities of a

protein; 2) To stTigy©d TS REFOYBddRtR R Sroadsyteepres (sl LA8®: pr ot ei ns
for bi ot echnol ogly To 4tail dargeaminptics at €proeib;lp b stsaymswdmequnudnnprptam; Bpwd ar, for 10

exanpl e, the develoRiRRln ol SROIENEYTE Th AHARASS oL WILCS L ALGE fuantiti es of

structurall wel | - defined protelns en and enzy ter. In
recent year& trfé%‘@l%'ééd%@@ﬁlemgffaa\ﬁ»zwge lrnﬁ‘t*’é’lﬂ%@’trequs tarﬁeqmtéletﬁf stgictoally or
bacteri al speC| fieli-daftel gRRESs asﬂﬁ@dﬂb@@dm@b’mﬁﬁ@@&&bﬁﬁqﬂ&entty%dq HedUESbee S
proteéctive i m’runo(gvei\rpsmtlcrgst§net oueo cal 1 % 9 s of this disclosure, a
recombi nant protein of feco |Snan‘i“aa 3%8 Sheg %1”@?8 870 't YAFeREEH pr epar ed
from an organi srfFCJ}Bq@P» agptcivrimmpnyemnaindegesinldent Fofruaeseor ganiissinuaya cel | into

whi ch a gene f orredoRBindf &tahs} QbmBRhdaS85 is PASPESRiE HRGd AR WRELEI N the
r ecombi nant Pr otre c 19 rf unsll on ‘r%otléllﬁ elThe i)gr elggeil’nt I nvent olér?lIl combi nes

the Pz transduce¥ “{ﬂ&)’a1 T‘haedf“ﬁﬁdfﬁﬁ“taﬁ%‘gﬁ“@‘éﬁh‘ﬁv fantich  frefonhe BYRe itfinoassay to
per f or m di agnosess feer clanedaald wipreinigeotoembiaht ptitheask afidioapibe®l s. The fabricated

Pz crystal sensor caf,(,Rus AR Sk AL 980 dy.telaction directly by
sensing the nmass 20 cﬁgnge of the bcr st al ansim h)ﬁ&h geéhgh provbecil ttpq Pe helpful in

over comi ng the |55 atpspey tﬁferf?rF‘&&F‘Pfebﬁh‘Pml of fterlrs sy ¥retshBe &bricfhe obvi ous
advant ages provi Idedrstbmeﬁs&emnma{onﬁ@ﬁh@@la@@ydyaﬁtaaohmnc&@|bb QiRdhe riLst The system

has a f undaﬁl@nt aéhang@é@l ggrgstta ﬁrﬁg b&ef roveg tolB e ng{movefcomm%athe ?nﬂat%%of %g ona. (]il ab; 2) The

fundanent al desi gn ang1 or mance are re I've se to
real i ze real - tilFEugiesp] Iaiﬁhoéﬂf Tb%@"@@sﬂd?ﬂtﬁegean@v@edbv theopvebiettmolbg@ystd thg; and 4)

M ni mal usage of foltaZmal O OhkSsydtaal 185 4 Bhdamental low cost and can be performed in a non-equipped

lab; 2) The fundamental design and performance are relatively simple; 3) The ease to realize real-

time display of the results and rapid on-site testing; and 4) Minimal usage of hazardous material
25 and use of unlabeled reagents which, unlike a conventional labeled immunoassay, is less
lemperature sensitive and allows for stable storage and shipment at 20-25°C.

Salmonella enteritidis (SE) is a major problem for the poultry industry. In the last ten
years SE has been one of the dominant Salmonella serotypes isolated from humans with food
poisoning in many countries. This phenomenon has been associated with an increase in the

30 numbers of poultry and eggs contaminated with these serotypes. Bacteriological techniques for

the isolation of Salmonella from clinical and environmental samples are laborious, lengthy, and



25 and use of unl abel ed reagents which, unlike a conventional |abeled

i munoassay, is less tenperature sensitive and allows for stable storage and
shi pment at 20-25C. Sal nonella enteritidis (SE) is a major problemfor the
poultry industry. In the last ten years SE has been one of the dom nant

Sal nonel | a serotypes isolated fromhumans with food poisoning in many
countries. This phenonenon has been assoc,ated with an increase in the 30
nunbers of poultry and eggs contam nated wWith these serotypes. Bacteriol ogi cal

techni ques for &p&isileS PhettnaPhbt mm@aahlmglulm% .mc@mﬂsdks Bk of AP GteRRNInF ONMTENT Al
sanpl es are | abori ous, Ien ive. identify all S

th and
enteritidis- infE8edSErgr %56?8 %‘16?“ fe faﬁ‘f’lésr‘Pﬁth‘é’ﬁf"ycef‘fé HPEv8t sal nonel | a
extraction and tdhekansintesd with ingsimgstregpet ikas. exandibé&viupe pessedmmidogebnéy ,  chi ckens

infected with i n(\_‘;?e%o}{sgto%%rrgr}cb{[g%%m{lshkﬁlémas?Ego%rgfce{l bbb g A U AbRRneecRGAuS 1 ST ENt

i mmunogl obulin G response to the infecting organism Thus, mass serol ogical
screening fof a ¥ EHEKds offer@rdaivahy ghempss ang mogsrppagticplialtemativegrqvisedthal itewps | vel v
cheaper and nor ele@rtmam@aﬂfonaz{neeﬁas BrttriaVi8athofly, ONdrd @Al L1DGEY esiablisigl FES Aahsed | €ast t he

same per f or mance. a ].C&q SrfIOI' % rrfee IPLQS ihls rr]r{egxrrcls%set;[aseg[on‘ld% tra%@))xiaﬁsotélg HII Shed

ELI SA-based ser 8I°C§IEar "t &5 P$®based on the

traditi onal solidnphase mwhtmm@\alsfsré)yalmgwtnnew SEF iowee firsf deselipeid &l strzimptof gen t er med

SEF 14 was fir st sdeselisRRtod fasd §hd \Slidhase Ind& e cEl'EﬂlS% pafdhuRs eergpat ed on the
solid phase. Under the t pi cal . ELI SA procedure speci fic antibodies

10
from chi cker®ser PR LY FAT e @ f’gééi’l@ﬁer&%éeftf‘f ?litﬂ}‘éﬁl‘y SPE Nt ent No.
4,689, 295 d| scl 0%,689,285 digtosx@ch odthod ©f éxtetting ghetphsenpy @ Semaelloih &Selsaome| ka i n f ood

sanples. | nclyies BhaY) Hi00 A DlR 3Rk O PR ARGl EfARabl e of

selectlvely hybr i di zi none etect e comnpl exes,
contacting the DREngsrliEHRS iomhdeteriddleserpriastsi canticring the A APEEd “aa tpPBEiHaer
condi tions whi chthatob&wnmmd@&@m@n; ﬂudnyhhwtmpzoee tb m,bﬁazle mme,lmkeaa ]ﬁ)N@prE)sEtﬁSent 1S in

compl exes a3 an' o AP SIS o & prese a In ood sanpl e.
Porci ne repr oductlsaveldlaﬂvdn¢fels‘;mrels®a«te®f%lwﬁﬁnrvhﬂefm(dl@ﬂmg) | s an econonically

[ rrpor tant di sease i @orghegéprm&lvgqugplram%yrﬁl‘%ﬁg(MR'S}@ al & %\Qlly 1ﬁportant

positive- st randed RNA vi rus bel_[tlo1 %Rg% é@g{sbé genus Ar td i Vi rys, causes this
di sease. Current YSPEFRESHEEF T 45 P FB )AVT(‘T Ef’lgrﬁgcal si gns,
whi ch are used as tohmnaatteivirst dases this dicak Cuoert Bingerkedor todiscageriebapdon:ad ef f ecti ve

in di agnosuag | QW&(&Q? V\ﬂfck?%@ﬁs%d as&aré&eﬁéﬁg In a@tQJ @Eb‘rc% buMé&J'{lasl Stedibd fnl € used as
it is time consunm ng a less reliable; 3) polynerase chain reaction (PCR)

testing for PRRSdéﬁ‘Pﬁ“Ijé‘H“ e BseAY 23 WRIH PP Hhich ‘ilé%ctuécdﬁ%‘b‘ﬂ“?"o“r‘)“sﬁ‘@‘r“%l“ﬁr ofiling,
whi ch i ncl ude i MEsNEPBE;CXpoliasRsethdiOlay@(PCRS Saing HPNIRS, antigag iardei} $erological

tests used for herd profiling, which include immunoperoxidase monolayer assay (IPMA), indirect
enzyme-linked immunosorbent assay (ELISA), and indirect immunofluorescence assay (IIFA).
25 IDEXX Laboratories, Inc. of Maine, U.S.A., has a series of antibody diagnostic tests for
the detection of alternative virus or bacteria infectious diseases of animal. Salmonella enteritidis
antibody test kits and PRRS antibody test kits from IDEXX rely on competitive and sandwich
enzyme linked immunoassay (ELISA) techniques, respectively. In these specific antibody test
kits, antigen-coated plates and all reagents (including enzyme-conjugated antibody, substrate,
30 sample diluent, washing buffer, positive/negative control, etc.) are provided. The test protocol

comprises procedures of sample incubation, enzyme conjugated antibody incubation, substrate



enzynme-|inked i mmunosorbent assay (ELISA), and indirect imunofl uorescence
assay (TI'FA). 25 I DEXX Laboratories, Inc. of Maine, U S A, has a series of
anti body di agnostic tests for the. detection of alternative virus or bacteria
i nf~ctious diseases of animal. Sal nonella enteritidis antibody test kits and
PRRS anti body test kits fromIDEXX rely on conpetitive and sandwi ch enzyne

| i nked i mmunoassay (EV.|1SA) techniques, respectively. In these specific

anti body test kits, antigen-coated plate§ and all reagents (including

enzynme- conj ugat eﬁlcuamnh BRGNS ke R 1R, ﬁéﬂlgﬁﬁm?é rﬁeag&eh Uﬁéﬁ%ama’t‘@él}{l&%}gr Ruf fer,

positivel/ negative ﬁ?ont rol, etc.) are provid b“g“do 0CO conpri ses
procedures of safBl@CHEG g‘%if‘l%’i‘f““éﬁﬁ%@“%‘ﬁ?lﬁ‘@&fé‘ﬁtc‘éﬂftt‘?) yoibpHEuBRAt | on,
substrate 8 i ncubsBisench teatohd Awkit- ¢qamshbdn@or$irﬂpBUed'§h©nﬁel Hedeedll gﬁb&Jfosmare
measured by spec t ocedur e ( m c ng the

det ected sanpl e {11%%94%2 A@@%ﬁéesc %Q? vgnog Qe %'?ﬁﬁcﬁrate,se‘ésog %thg each test,
and a wel | - ngw pirexs “}C&b’m‘ié{“tﬁﬂwa‘h‘@ltélﬁclﬂrtedﬂffp‘@raé@wmwbemf en- weederdigtt@ts perform

t he assays. Althaughictibgggorassays are proved to be highly accurate, sensitive
and specific, the 5 above nentioned limtations nake it difficult to performa
| arge nunber of on-site screening tests wunder field conditions. OBJECTI VE OF

THE | NVENTI ON | t OBECTREIGTIBIEINEENTION ect of the present | nventi on to provide an
apparatus and nmet hodyfs@ferefokQn gcbe@tg)ptﬂé:‘ﬂréerf?fnve\ﬂ@&nqg f)rMeXn Qg eﬂ%lf(%h i nvol ves
t he detectl%1 of .viral or bacterial antigen ecif ntlb Tt is also

an obj ect oft helf&R0LH B dti?feéc"fmcblnf"all"esd'?e %SE"P@Pf wifel @&éﬁf‘i“ﬁ‘i @“geantl gens. It
is therefore an @qum:etnnhbelcofltrslaleo rodpa Rt the MVAAN (O BetdcOviRl @ \bhdkRialpddihod to
fabri'cate a Pz %/?g al based sensor by using reconbinant protein as receptor
material and to peFtrormdetection 15 for antigen specific antibodies. It is
anot her obj ective of Itisisrefopppe piiscdyn ofitks piseeativeitionto giovipd 4 Midthed| todabdcatidrt ened

nmet hod for the dﬁaﬁ&'&dd&lﬂso@lfy uSad r%ﬂﬁﬁah@ro%ﬂa@fe&ebtbﬂh&n@@ﬁh {FRESYL deﬂ:ttﬁ)ﬁt' on

di sease. SUWWARY, OF . THE %\Nt dC]\l 20 The present invention provides a nethod
for an i munodi aghost cpefl 5t tor veterinary diseases, which involves the
detection of the pr eggnwecmeWmhcwenﬁm@qmdahsianltf‘eg@nshooe;necametﬂiola(ﬁdi es to
them The appar afbige s Qf Shindeit 05085 43 PREIV LAGLNERS..an | mMunosensor whi ch
uses a Pz crystal as reaction carrier. According to another aspect, the
reconmbi nant viral or bacterial antigen is inmmobilized on the surface of the,
crystal to work SSMBAREMFTHE IKE A Pz crystal device can

20 The present invention provides a method for an immunodiagnostic test for veterinary
diseases, which involves the detection of the presence of viral or bacterial antigens or antibodies
to them. The apparatus according to one aspect includes an immunosensor which uses a Pz
crystal as reaction carrier. According to another aspect, the recombinant viral or bacterial antigen
is immobilized on the surface of the crystal to work asa sensing receptor. A Pz crystal device can

25 sense a mass change caused by the antigen-antibody interaction on the surface of the crystal.

The Salmonella enteritidis (SE) or PRRSV detection method includes fabricating a Pz
sensor by covalently or physically immobilizing a recombinant SE or PRRSV protein on the
surface of the crystal. The technique adopted is either dip- or drop-coating by which the use of
minimal amount of the protein is taken into consideration. After blocking by certain reagents the

30 coated interface is exposed to the specimens to be detected (e.g., chicken serum, egg yolk, pig

serum), which are suspected to contain SE or PRRSV antibodies for an appropriate period of



25 sense a mass change caused by the antigen-antibody interaction on the
surface of the crystal. The Salnonella enteritidis (SE) or PRRSV detection
nmet hod i ncludes fabricating a Pz sensor by covalently or physically

i mmobi i zing a reconbinant SE or PRRSV protein on the surface of the crystal.
The techni que adopted is either dip- or drop-coating by which the use of

m ni mal anount of the protein is taken into consideration. After bl ocking by
certain reagents the 30 coated interface is exposed to the specinens to be
detected (e.g., hi(EdEBveREEIINs toRBLDraMBL. Thpfrﬂuenéég 'E)HKQfabn h&*ltagt(c SHepect ed to
contain SE or PRRSV anti bodies for an appropriate perio (from
several seconds ?@“¥§V3P§W ﬁ@ﬁf?TmﬁTﬁ@“FfBﬁ§€ﬁ€?@§mﬁﬁmﬂﬁ@“ﬂébﬁ%ﬁ%?bd crysta
before and af t esharignipditsaes ihopresact br absekp efthelt®@Ett ALiDIBRB&EIERKEE proldlofiliBEUENCY
change or absenc indi cat t he ce. or absence of
the target antrH%ﬁ%&§QMLQ§ﬁﬂ$E%¥ﬂHﬁp@%&%ﬁﬁnf efsgﬂﬂgﬁmem g% %hg?%er

t echni que. detar@%”fﬁ%ﬁ%ﬁ?%ﬁ“ﬁﬁ%ﬁ?ﬁ@dﬁﬁ¥fer bIockrng reagent and the
dilution 5 ratio of the detected specinmen are disclosed. BRI EF DESCRI PTI ON OF
THE FI GURES Fi g h he Pz crystal sensor system Figure 2
is a fIOM/dragrg%§§%8§§ﬁ%niﬁesg? Ehurea for constructing a Pz sensor with a
10 specific sensing Fratrel it ajchdmayoaf the Pz drtstaiaidorpysemedur es f or running the

sanpl es. F' gure 3 i SFlQﬂréji @-g ﬁm&%t'mpsh%ﬂ t&%%&d@x'e%rr corg§1$chgla ﬁgcm%r dip, coati ng

process. %gre 4 shows the principle Pz sensor for 't etection of a
target anti body Specﬂ"@?ﬁ‘?‘%gIBateé‘hldarXEWHé“dfPF%?fﬂ'éﬁefy“‘@Héﬁg@mé%sed by positive and
negative controls fongnﬂmmemm;dn}fSakmamemhaxﬁnh&ﬁmthM§m&ﬁ%lbOdleS 15 Figure

6 shows the frequenc nknown sera Ies tested for

Sal nonel | a enterrtrd? antgﬁ %é?ﬁé} gurey " ﬁows @E g”mgzﬁgg?ydetectron
results for 7 prevroﬂ@F?S@WHFﬁ@ﬁ@@?%@dmﬁﬁg@FVV@Ieg@@aybkkewaﬂuvﬂgﬁprevrously
characterized pogiettingSuRgDIaLakHKbis ibgids€ 8 shows the relationship between
protein binding amunt sitivity of t 20 fabricated Pz sensor. Figure
9is a sumrggry of negl‘é“tﬁergeur?r‘en the T SSHTY'S Xal”%c f‘“ﬁf'? BT S B A FSOF eal
negative sanple%Mmgﬂ@Epﬂerempdestrve controls and group Cis unknown

S arrpl es. Fi gure 10 Sh% SB(R\E SE- mgldlztéc'[l(}ﬁ reglilts fo rév%gsk%gmic)@@%ega%ve eSQ sors.

Figure 11A shows Ehe sensitivity of a regenerate PRRSV Pz sensor.” Figure 11B
shows yolks and 12 previously chafacterized positive egg yolks

,.L.

Figure 8 shows the relationship between protein binding amount and sensitivity of the
20 fabricated Pz sensor.
Figure 9 is a summary of measurement results for 41 pig sera. Group A is real negative
samples, group B is positive controls and group C is unknown samples.
Figure 10 shows the reusability of fabricated PRRSV Pz sensors.
Figure 11A shows the sensitivity of a regenerated PRRSV Pz sensor. Figure 11B shows
25 the sensitivity of a regenerated SE Pz sensor. In both figures O is positive control 1 and @ is
positive control 2.
Figure 12 shows the regeneration ability of dichromic acid solution (@) and hot Piranha
(O) with a used SE Pz sensor with a thiol compound treated surface.
Figure 13 shows the regeneration ability of dichromic acid solution to thiol compound

30 (@) and y-APTES (O) treated crystals.



25 the sensitivity of a regenerated SE Pz sensor. In both figures 0 is
positive control | and is positive control 2. Figure 12 shows the
regeneration ability of dichromc acid solution () and hot Piranha (C)) wth
a used SE Pz sensor with a thiol conpound treated surface. Figure 13 shows the
regeneration ability of dichromc acid solution to thiol conmpound 30 () and
y- APTES (0) treated crystals. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
detail ed procedures of a Pz crystal devit® as a sensor system can be

understood by rRf&f %B%SEEIPH&% Igggm&ge conventional Pz crystal device
design (see Figure 20 5 deposited on each of the two
si des of the wafer ed"‘FH‘t‘é‘S’é’WtdW Oéﬁ%tfxs@'die‘scea?aesclé@fﬁw@mf@dbeweemod oscillation

circuit 24 and aeférérﬁ&wﬁiaﬁﬁiwﬁg)gunt er 26 for generating and detecting resonant

frequenci es, respectjvel andar h as_ that scri bed by Shons et
al . (1972), use a tljrlu‘e R e““?é‘" d’ ‘r?” G‘éi%"t‘i""’%r‘gi}‘ftlé as@o‘ﬂ%‘“i PRI t%ho
el ectrodes én t Wepogitsdibi @cfsqfdesvo smg@fﬂ@“@ﬂaé!z Thise rovalleeittdesi ag: cpumep@rts ares and

crystal l'ine ori goiptidrofrchf 24 AR Hﬂﬁﬁ&éneco‘inﬂé RRY geﬁé;;tﬁlgqnmete@mgqlﬁ%%g@ 10 between

t hese el ectrodes results in a shear formation o e cryst ese
el ectrodes are UEBYCIEIesPsiigl e aafrdragiony suthipnippt disaibed by Shemp @Iabl(lﬁl?f) péndi cul ar to
t he surface of tahiéin @jtkadf KT -cuvafiex cxys“fdna)ntaraﬁg:t»dolemtﬁoabg ol Ih@hdﬂbl@ﬁl&)ﬂﬂﬁl@&) te Mechani cal

oscillation, }Ee%&gttngpr M%S ani:! r}ésttahﬁle Qr elntiétlogfof qllélgz rag'pp 1ca?onI (1f a vol gsonance

oscillation is eved I nc O0sCITT AR circuit,
where the ¥l ectbetiveen g clasiedsariubisin a %‘iiefmlwoﬁgw ew%al dhosdetredss arhesed undanent al

frequency of theo ﬁlﬁ&égtaﬁbscllla_ﬂgelg@xc%mﬂexlp&tﬂcm t€ihE Gldade om@ ohdde whi-€qHency counter
(such as HP 5213A ett Packard, US are wel | 5?own in the art, and

e}
are described i ©°% I?'t‘%lrpf 4 prodyies i eshapiss S ian. &%ﬁ&dl%we nflsSB of sz ViR danent al
frequency dependsrenantdyecifahiorokariesd pfindudies thadrgta) in @mtbdmexmu@ai wedathct ure, its

shape, and its [BSSmd a&qanﬁarascmmqsedteedo@d%% maﬁlamq&n&%kmgi@@# rgounter. The

nost commonly used .crystals are 5, 9, MHz quartz’in t orm of 10-16
nm di sks t h&t aroéc“&b‘ﬁ’r'“ﬁ%i“r?ﬁ’r‘&‘? fgfq‘ﬁnfisouz@f <ﬁi“r‘i‘ TRFCRI3AvTdieglea Pkt UeM) gol d,
si |l ver, al um nurge vefl kivina kiethe art] 42d b8 @esPib@Seditailddby BrREUeRIn ahm&ayaaym ghe is an

AT-cut 10 Mz q%lrdg.[g'e tg@f ﬁEencg dep’ELA!ls eqincq(ness ?_”rthe%ggr Qs % ca structure n(efgls The gOl d

electrode is r rand nM t hi ckness. 1hi's crysta Offers a mass
sensitivity of aaf)‘bt&‘tm@s gigiran ngﬁwlmccrbv wanz miged cwmﬂ@wmmaéw% as an

I MUNosensor sy sSkyeik at B, 1 0L WafSin the fokk!6080-16 mm disks that are approximately 0.15
20 mm thick. Metals are often gold, silver, aluminum, or nickel. In the present invention, the crystal
is an AT-cut 10 MHz quartz wafer of 14 mm diameter and 0.2 mm thickness. The gold electrode
is 5.1 mm diameter and 100 nm thickness. This crystal offers a mass sensitivity of about 0.902

ng/Hz.
To construct a Pz crystal device as an immunosensor system, the procedures inctude
25 fabrication of the sensor and the detection of the samples. The fabrication of a Pz crystal as a
sensor usually involves surface modification by which a specific bioreceptor interface is created.
The assay is based on the transformation of a specific interaction into a frequency signal. When
exposing the fabricated sensor to samples, the 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.



25 fabrication of the sensor and the detection of the sanples. The fabrication
of a Pz crystal as a sensor usually involves surface nodification by which a
specific bioreceptor interface is created. The assay is based on the
transformation of a specific interaction into a frequency signal. Wen
exposing the fabricated sensor to sanples, the interaction between a coated
interface and a detected analyte results in a change of frequency signal,

whi ch can be used to quantitatively or 3b qualitatively identify the target
anal yte directly. 11

constructing a Pz crﬁghgﬁﬁ%gggdﬁﬁ%%?gﬂgggg%ahl Qﬁﬂ&ﬁesgy&ﬁﬁm%%&wggfe. Fi rst
the crystal, nnw@dwawﬁwéﬁﬁamWy the surface of the netal electrode must be
cl eaned by washing mist ine@ﬁtalaﬁm@arcmmy@em&aofdm&m eldite, @i 8dViane8 6 Ut i on. To

meet with dlffer\gargktlmsu(fa e .o modi bascatloron roce orees ght}e%f p prlate
washi ng net hods AF & RgSPE S PEST & Eitptd e BfP o A Fhy S, ereﬁﬁ Biiid based

sel f-assenbl ¥ norn@hfszyt@n promrespheraanhalats ohkding mﬂhqumwmdl Ror ¢xreplé, kortstld met hod to

be considered. HofiolhtRRBasSRbikdARy Ex@r{&la%%oth‘rﬂha%luﬁ%m us%ﬁ!vglle fiQeggent, and as
aresult a hydrophilic gold surface can be obtai ned t ernate washi ng

procedure, whi cht°(?6 FRgpifles sH"t Stk sebytienran &gy Fid %fcaéy Ei‘l‘d”(‘%é‘g%%itaéla 558t base and
acid alternat el yhydegtiliclpelduafet dobe PainydTah akbatDabhig prodetdd) whibll éiprigoaki ng in

base and act d, - LLASiNG: SEER%e o lhafl! R bk Lffaclh o L ALIBI 6 fAEM cal s are

per f or med. The fu mental frequency o Cleane sta e measured as
Fo under dry0 congidificgfionatfisr welisdphrse id apid.aigsingrsisps Vik disti dp?fﬁ@S@ﬁtorgiamventl on,

several conventi &E’tﬁﬁl:alsﬁfe(b&rﬁ)hﬁkdmﬂaﬂﬁlflaxhénéﬁtfrdqﬁbﬁbymhé’l;%&%d &Kl caadontagkdi.ncl udi ng

di rect physi cal Iga doa‘ptl 0 ontdo thgﬁbare nmet al el ectrodes, coval ent binding on
15 the silane tr@aPEHEFYUIRR R IR Bndi ng on a thi ol conpound modifi ed
surface, and physicaln thaelrsaglrtpmvr:@nn orveal topentepd obted ipololigtion(qrtloysiry r ene)

!’TDdi fied crystal ado&éaencgﬁ'i}{ggd1r@(§~bhy§g§ag£0m-n!)rFHHto91% bdd rﬁgtaeélégtrcggk &%n%{dﬁlg 99 Id surface
is based on the strong and irreversible hydrophobic and thiol-go
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the surface of the crystal over an appropriate period of time. The resonant frequency after
incubation with the biomolecule is determined as Fg. Fy-Fg is related to the amount of
biomolecule binding.

25 Covalent immobilization is also commonly employed. The procedures of covalent
binding normally include modification of the crystal by an appropriate first chemical by which
a desired functional group can be introduced onto the surface of the crystal, and covalent bonds
can be made between the surface and the attached species. The most commonly used activating
functional groups include primary amines, thiols, hydroxyls, and carboxylic acids. For example,

30 polyethylenimine (PEI) or y-aminopropyltriethoxysilane (y-APTES) modification provides the

crystal surface with an amino group; any thiol compound with a terminal -COOH group can
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coating method relies on physical or chemical adsorption of materials to be coated onto the
crystal from solution in a suitable solvent of suitable concentration. This procedure is easy to
perform just by dipping the crystal into the solution of the chemical/biochemical to be coated for
25 an indicated time. One problem encountered with this technique is the requirement for relatively
large quantities of the solution, so that the whole crystal can be immersed into it. The drop-
coating method is based on the application of coating material onto the surface of the crystal as
a droplet of a volume of several microliters. The former technique can ensure a desired long
period of interaction between the crystal surface and the solution and provide a sufficient contact
30 between the surface and the solution. The latter one, however, has a limitation of interaction time

because of the spreading and evaporation of solvent and there can be a problem of non-
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protein. In a traditional immunoassay bovine serum albumin, human serum albumin, casein,
gelatin, detergents, and nonfat dried milk, etc., are commonly used to practice this aim
25 (Crowther, 1995). In the present invention, appropriate blocking reagents are adopted to meet
with requirements for different situations. The blocking is achieved either by dipping the coated
crystal in a blocking reagent or dropping a droplet of the said Blocking solution onto the coated
surface. This procedure is performed after the sensing protcin immobilization, so that when
incubated with the detected samples any mass attachment not caused by specific immunoreaction

30 can be prevented.
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Thi s detection
present inventi offPPHY] (e nﬁ)efﬁf‘é %?%rweﬁf@%ef BpE-comneneg it I3 AT PIEIE s onant

according to the present invention includes the following steps: 1) obtaining the resonant

frequency of the coated and blocked crystal at dried state Fg; 2) incubating the test sample

solution with the reactive surface of the crystal; 3) washing away unbound material and drying

25 the crystal; and 4) measuring the resonant frequency of the crystal Fg. The frequency change or

lack thereof (before and after incubation with specimen (Fg-Fy)) indicates the presence or absence

of the antibodies to antigens, and provides a positive/negative or YES/NO answer for the
diagnostic test.

The reaction between antibodies and coated antigens depends on the distribution, time,

30 temperature, and pH at which the incubation step takes place. The temperature for incubation is

most commonly 37°C or room temperature. The time of incubation is several minutes to 1 hour.
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20 EXAMPLE 1

The Fabrication of a Pz Sensor for the

Detection of Salmonella enteritidis Disease in Chickens

A) Preparation of Recombinant Salmonella enteritidis (SE) Antigen -
Unique sequences encoding for Salmonella serotype enteritidis in chicken were
25 identified. These allow for the specific detection of S. enteritidis. Nucleotides 754-1023 of a
clone of a partial gene sequence of a flagellin (GenBank Accession No. Z15068) were utilized
giving a 270 bp sequence (SEQ ID NO:1) encoding 90 amino acid residues (SEQ ID NO:2). The
90 aa peptide reacts specifically with sera from chickens infccted with S enteritidis.
Chromosomal DNA from Salmonella enteritidis strain 13076 was used to amplify the sequence
30 by means of polymerase chain reaction (PCR) techniques. The amplified PCR product was

inserted into a bacterial expression vector next to a gene for glutathione S-transferase (GST) such
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purification was ana yacryl am de oresi’s (PACGE) and
15 visual i zed byFeyesd ‘ﬁﬁﬁ@PWaW%M%K@C‘bPﬂI"hPreammem@em Wsie fraftionshe

rT ﬁconbl nﬁgt pr ot tBenVﬁﬁﬁedﬁ[Q&ﬁNﬂfﬁﬂnty Eblanﬂ&o&meﬁlﬂéi ﬁ{l"lvalﬁﬁlg%'rl)m M&&ﬁéﬁ e>r<]t raction.
e reconbi nant ,pr ot int t ur i rough an
affinity col um P st gg[i}erﬁpsalyﬁlsgy% I{A%% ﬂ‘%%% %@ pl‘“d%" %fm‘%:ﬁc‘ﬁf‘ech Furt her
anal ysi s by SDSWPBI@EMGWQFH%U@@%WIB mtdW@ﬁOdt:thennpctlmS@Srg@l cFh@piedsiecul ar

wei ght cal cul at egl Juflﬂemam&ﬁgiﬁﬁ S&prdss Qb te@ehs 3Rra 0001 bek:h DSy iYnSDS gel
el ectrophoresis. e\ﬂgﬁ{%gﬁgﬂfrc{)’% and recombi nantly expressed protein was

characterized by omyghickPnieprs) and BBt 20I HPRIVE e oA A9m chi cken
eggs) and negat experireendllypiofedtddichiekeser a from natural |y and

B) Fabrication of the SE-Pz Sensor

25 In the present invention three conventional protein immobilization procedures were
adopted to fabricate the Pz sensor with recombinant 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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experinmentally infected chickens. B) Fabrication of the SE-Pz Sensor 25 In the
present invention three conventional protein inmobilization procedures were
adopted to fabricate the Pz sensor with reconbi nant Sal nonella enteritidis
protein layer on the surface of the crystal. It was proved that all these

met hods ensure the sanme anmount of protein binding wthout |oss of activity.

30 17 © Imobilization Via a Self- assen?Jed Monol ayer Techni que 10 MHz AT- cut
nounted crystals with gold electrodes (fromICM Co. Inc., Cklahoma, USA) were

cleaned with hotC)I?sn{r@d’ummﬁQlatatsu@&se(n@@?/mk}%%Tééf%niQé (1:3)). The Piranha
solution was spread on the gold surface for m nutes, after which the

el ectrode surface wa@™Hor 6\5&5‘}‘?]"}}“5”?? %@@‘é"lﬁ\flf"r‘f“fff PG Go-frst QKlahomri s was
fol I owed by ri ndiSAgwe didaned59h et Piamnlalsolatiod (30410 WHISD, (dBS)tTHePEﬂha mﬁ@r agai n.
Thi s pr ocedure Wspfe%ﬂﬁi%@gd %Mc%%rsﬂ;ﬂﬁtessﬁei c% t%’%t%ctroyen ] natho)c/)tx own dr y with

a stream of ni trog as _an e resonance frequency ?Eﬁ W For
coval ent bi rdi ndi"§ Wé‘é’iglsﬂu%EatﬁnWSqJéﬁonoP"ﬁ‘Wﬁilsslgéfsﬂp‘%é%leﬁ@nltaﬂdthmeﬂ@@wﬂ@ce of a gold
el ectrode was fivastags®dhif pr&fédliaaywaéregdaﬂemcbIm@h&&@bvas(tlﬁ}[PM1 My RQvi des a
thiol group on opea OiLmtrO )ﬁer side of the

ag?h an am eﬁr O]"IP on t he ot
nol ecul e. The spontaneolys Kud: BEGSOB??C PR YFESP to the gol d surface
ensures that the aanocog¢l@upln¢1m:<e‘sa1¢i Shantgen, irhthis iexedndhace safick sfordos! as a

functional resi du&roﬁélvmt%dﬁm&b%n&maﬂ&ol%ﬁiﬁpwﬁéh mxﬁes%%‘i Bbid 53R be
i rmobi I'i zed, by neans of a cross-|inki ng reag ent his sald | frmobilization was

achi eved by'%i pﬁldﬁaidffr?é“@rg@%?“ﬁheelhﬁéﬂfeﬁ ewk?%%eaThCFR?ﬁ‘é‘mwaﬁféwwpﬁftbwlzo mv of
ATPh (the first gohewoiteadq suifive ehisu® thagthesiilnb @fmpd&es(twﬁﬁ))he bbrfay efdRiogBhs at room

tenperature. Af ta%n?tyggasr g tovu/}ﬁcnaanéta%!n!)%gj mrtn%mﬁ ir d{nyl ] t he obt ai ned

ami no groups were further activat he mroditred cryBPal in 2.5%
gl ut ar al dehyde Gy lininpBS et Tis S%@@Phﬁlzé‘ﬁéms@ﬁweyedfob@lpplngH@tfrpshlyplf:@eir washi ng

wi th PBS buffer casa lmm&smgmwm th QIASM {theatht WRMRL) in biteHPALH:QR éMMEB ) protein was

per f or med. pllgatl n of a el n ntot e coate crystal is the
nost commonly used ¢ f)tr‘f°81(:t?1‘?"f’er(ﬁ‘ﬁ‘ge /tg o Y% 'P)lr? ”E‘g‘tdgmé Wét‘r"fé“i“{r}’@ gt PBEFY i cularly in

anti body coat i ngumirorgroupri verehier dctimgtad by difping thetredihnl ciel imais% glursldeliyty est i gat ed.

Thi's invol ved aR@J&\)ﬁhﬁ}ﬁ’s% e bec&@ GlimAl) GAMGE Hele AL e Shih PEOL AL nd Q) %Mthon (500
g/ m.) on each side of the activated crystal and incubating at 37C until the

sol vent evapor at®&G ¢ SHEh BEErien WBHEYHR HHTATRMFS however, this nethod failed to

ensure that all the Application of a droplet of protein onto the coated crystal is the most commonly used

20 technique to fabricate a sensing layer, particularly in antibody coating. In this experiment, this
technique was first investigated. This involved applying 5 pL each of concentrated SE protein
solution (500 pg/mL) on each side of the activated crystal and incubating at 37°C until the
solvent evaporated completely. Unfortunately, however, this method failed to ensure that all the
coated crystal would have the desired amount of protein to be immobilized (corresponding to a

25 certain frequency change). The reasons may be the limited incubation time this method offered
and the content of 0.1% SDS in the protein solution which is used in purifying the recombinant
protein. To overcome these problems, an alternative dipping coating technique was developed
by which the modified crystals were dipped into a diluted SE PBS solution (25 pg/mL) and
incubated for a desired period of time (1-2 hours) at 37°C. This technique is based on the design

30 and use of a homemade microcontainer, which is of the size of 54 mm x 12 mm x 1 mm, capacity



coated crystal would have the desired amount of protein to be immobilized
(corresponding to a 25 certain frequency change). The reasons may be the
limted i ncubation tine this method offered and the content of 0.1% SDS in
the protein solution which is used in purifying the reconbinant protein. To
overcone these problens, an alternative di pping coating techni que was

devel oped by which the nodified crystals were dipped into a diluted SE PBS
solution (25 g/nL) and incubated for a Yesi red period of time (1-2 hours) at
37C. This teChn'oW@mlc%hlg@%ﬁgsp%l éegﬁaQ%ltlg@pxgtgs (@&%ta%%cﬂjpeaas RRIEIR g

m crocont ai ner, which is of the size of mm X mm capacity 18 of
648 microl i tersa“df’fﬂ‘?“ysf)é%?féﬁ°°"€i’é‘§i‘t@f?t°é’i“1%%h@hﬁa@’éryﬁ‘?leces of crystal to be

di pped si nul t aneous|Tyis methrdds fmyi@tod)ah&»rysmtﬁleg)rQéonibﬁﬁmﬂmlmébﬁttng @6r@inBi dAlyl S enough
For cach o Yot sy L 8 UEKDH 5k 10, B (PES L Lo ot nan

i ncubation Pi rrent?d%d aflowfefr@emerescum@ tarrmﬁms thsfuserpf totweri qqncerﬁrammecf@datedl\/br eover a

| onger i ncubat i | gﬂltetd ﬂ'ﬁhl@-'&h&% ursm ahlSE c&lf:en{ré?mﬂeﬁp tG@?EQFﬁL rtﬁéﬂlﬁﬂ% R %Oat ed
pr otein. In this exa concentration u t he

bi ndi ng amount s “¢&PY é%i?gﬁﬂfmtogg%sé{‘?ﬁ? 48T ey feps élt??&‘%c%mhﬁ““%e d“‘g‘ﬁie frequency
stops changi ng. plewintéyes mpmenimd khapedthe pidaic@étegenteS laidprdvention dTiRpFRIn anount  of
the anioni c det %gcﬁ)ﬂitzan%re@&gd ﬁgsﬁgse{ﬂg 'dgﬂngg'ﬁeth% @b Ll?lh Qduci g@g‘]ﬂla{ ation is
reduced. Besides, this dipping nethod i's bene in red Ing the variation
10 of the afountt ‘B“T‘”‘“ﬁl‘%?fé’ﬁ‘? nbindigs 1 gdiviguallyreppicd f@@tahs F’Veéé%t"é%lﬂ seffigigttatds since it
ensures a suffi ahiemh coard betwai cfrﬁrar&la:taaﬁraaﬁ soR@NVER Binifiy/Slodlt o BMGrdidiEnyPr Ot ei n

sol utii on. The bld{%dl N9 2MoKnt E'Il s c%r otee Tlgy drop- and di p-coating technique
are conpared in Y] S It 15 I SO £ BieAdi ng anmount corresponding to
frequency change* Met hod Dropp| ng Di pp| ng AF (Hz) 165.333.2 25623. 3 Binding
capacity (nnol/side) 0.0021 0.0032 * Awgs@age fromat |east 8 crystals 20 D)

| mobi lizatjon Via Silaniz brﬁn Met hod Another type of coating procedure is
based on thé silanization et G%iam"'f‘ﬁtéor&cf%?%ﬂ“ﬁlt%ﬁeﬁ)@?%°“8¥ eaned in 1.2 N NaCH for
20 mnutes foll owed by SMahotutes Iin 1.2Dhbdidgl . The crystiging were then rinsed

wth distilled water andFgin-dried. Subsemgently severajssmicroliters of
concentr at ed Binding capacity (nmol/side) 0.0021 0.0032
* Average from at least 8 crystals

20
D) Immobilization Via Silanization Method
Another type of coating procedure is based on the silanization method. The crystals were
cleaned in 1.2 N NaOH for 20 minutes followed by 5 minutes in 1.2 N HCL. The crystals were
then rinsed with distilled water and air-dried. Subsequently several microliters of concentrated
25 HCI were-applied on the surface for 1-2 minufes. Finally, the crystals were rinsed with distilled

water and ethanol.
‘The clean crystals were first modified by dipping in 5% ¥y -aminopropyltriethoxysilane
(Y-ATPES) in acetone for 1 hour. After washing with acetone and distilled water (F,), the
following procedures are the same as for the APTh method, which consists of further activation
30 by GA (F,) and finally incubation with 25 pg/mL of recombinant SE protein by dipping (Fg).

Multiple washing steps were followed to ensure the stability of the coating (Fy’, F5™’).



25 HO were applied on the surface for 1-2 mnutes. Finally, the crystals were
rinsed with distilled water and ethanol. The clean crystals were first

nodi fied by dipping in 5% y-am nopropyltriethoxysilane (y-ATPES) in acetone
for 1 hour. After washing with acetone and distilled water (F,), the

foll owi ng procedures are the sane as for the APTh nethod, which consists of
further activation 30 by GA (F2) and finally incubation with 25 .tg/nL of
reconbi nant SE protein by dipping (FB). Wuitiple washing steps were followed
to ensure the stgabhlivida8f viBay&Ra lq(FB . FB"). 19 E) Inmobilization Via
Pol ystyrene Method The crystals 'were cleaned by the alternating base and acid
net hod, as descri bed FPEA ¥Hs Piicdy Y lipraive bive aas sk mebedi ssébwigd i n t ol uene
i nt o whi ch cl eanedogkyrslyayrce vradseved HippRd in thiGdhe 3@ whicKdkaa cisdtaldvRMpp&Nperat ure to
forma polyner fjl.mb sical ad tign. After rinsing 5 w th ethanol and
distilled water &m %{tﬁgngorm tgr?paﬁa%e\?ﬁof{”ﬁ‘ aﬁ%f“;‘/eﬁéfn o iplfyrsﬁczi}\/aedrs"égla?' ﬁ\é%d‘ %t o

reconbi nant 5 SE b ethaggl andidistiliedeiatdr (g te oy ftatsrwith patyngnfileyiere dippei atogecpralrinaod of ti ne
(FB). The thi ckResstenfin RlnY Slikf NS afptdoikdBRARBESHQR,) t he concentration of the
pol ynmer sol ution. Iﬁn t%l.hl s case 3 ?r}g/rrL.was adopted, and the anmount of pol yner
coating correspondi ng® PEEHY POy PEGUERdspedhlseonieiation ofgheslymg: solpopnough 9

mg/ mL of pol ynern pisewse deg/nd, wan ke, adelieyammint dQolgaatchdigs @assp@sipondidlg t0 a
frequency chang i ti.ng n | onger

i ncreased. Thi sqﬁe%fa?cggr%%gaf%ﬁgét%ﬂ%gﬁngf%%%?gnﬁgﬁ%Ogﬁgéﬁ%vgﬁ%ﬁgg?ﬁgﬁ%t ed pol yner
coating antd t h& EpPTHRPERs LA fesarench ehapgs of 48194328 Alzdife ampuat of pypisingpatingipe adsor pt i on
of protein onto i@kastised Hishasad tarm HyHr GROAR: frolifth @ EAtkdi@AFmer thand ate of  the
i nteraction depeg{jdsw an. t h%eerQf{'eCw%nt rati.on of lt he protein, coating pH,
tenperature, and t1re 48 S TNCOBAF GRS t hi s case the optimal coating
procedure was di ppi nide tdppeptier of grtaihn oitppISE is bisadton ydropiRbic ingptastions. Th&@te nM car bonat e
coating buffer, uREh&addn Rend bfothf AncektrdlOHYE the bbtein S0kt pi§ M Lathd@ba nddre

concentrati an of SE up Eo_25 ?}g/m_ resulted in the saturation amunt of

bi nding colr es pORAPHE™ tdrisear e GRISREYEhRprglucor Sagerl orsehnbl wlviom) 20 Tabl e
1.2 Frequency chizngéanlciai8 edi! dayorbic nahtimpguid, pBE.6pato1°Cifer 1 inclaris dditAamnant
conoentat | ons Gl hidscst & 25,00 2eedh B Gy ihullie)s 232,240 171 140

. > atio! .
55 25 . During the whol e coatin rocess were taken 1 n order to nonitor

t he reaction corresponding to a frequency change of 240£19.9 (Table 1.2).

20 Table 1.2
Frequency change caused by binding of SE protein under different concentrations
Conc. (pg/mL) 30.0 25.0 12.5 10.0 6.0
AF (Hz) 232 240 171 140 55
25 -During the whole coating process, Fo-Fj, 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 pg of the said protein are enough for the fabrication of one Pz crystal.
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procedures. It is proved that the three i mobilization nethods ensure al nost
the same anmount of SE binding (Table 1.3) without loss in activity. These
coating nethods were stable, as there was no frequency change duri.ng the
washi ng procedures. Under the optimal coating condition, 5 g of the said
protein are enough for the fabrication of one Pz crystal. 30 20 Table 1.3
Procedures of SE binding by different nmethods ATPhMet hod Pol ystyrene y- APTES
5St epsAF (Hz) First Chenical 106312. 854558 61196125 Second

Chem cal 17119. 1273221NI L SE pr ot ei n256§§01631233222. 324023.2 10l n the present

i nvention, a polystyrene-coating nmethod was first recommended as it offers a
relatively sinple concept andrereyesof Sotndye by fiffowrt Pébedt i on time. By nmeans of
the said coating process a large quantity of WMé&ndarystatrs wtirSE—protein
coating |layer were fabricated to conduct the t S for SE specific antibody
from chi cken serum sanpl es or egg yotk. To avoi n-specig?ii;séﬂ%ﬁlsor ption, the
SE protein coated_crysiwbs were i ncubated w t MAF@#% BSA by dropping 5 L of 5%
BSA on each side of FirshEhegioglst al ol063dihi ng t hésebyst al s 1 N19@ABSA sol uti on at
37C for half an hodecondfhemicalnashi Hag*@rd dryi ng7#8d said crydilal s were kept at
AC or refrigerated. SEBRGE det ec?PE3t he pol y8dene nmet WIE2Rd@s sel ected as
the best nmethod and in the following sections (F) and (G of this Exanple the

Pz crystal sioused werlgethpfrepainetiomaipblystyffe-cofQg RAhY ShffrLR@maLREd 29 oftded hod. SE

protein fixing tyrene di.fied surface is based on a physi cal
adsorption. It \%/g%a%?'eg)ﬁs&l%% ke f)rgglfcgosf'toglrménr?g‘[lzﬁ% i%lmle ‘ZBJ mepng 8t eosa@“@ﬂ%/gr ace results
in a low acti viprogestorrstruptliy agPzicnstay Wity SEmpteprcontiod lng: widfaigonsigguwentcl vy

nonspeci fi c bi ndﬁengtf;,lssgg;p&@t;leb(;d@g&ﬁ:@@kensg;n{gsa%ggﬂr@%}@ﬁc SE to the pol ystyrene
filmis due to el ectosta ic interaction which is achieved by a |ong

(overni ght) incubat i S A SKEF FRERIBAtiC o PPN M SHET e 45 WFTPAet Wl ser um

sanpl e all ofs BSA by dropping 5 pL 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 method. 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 Fy. 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 this example, dilution

of serum samples fifty-fold (1:50) with PBS buffer was found to be the best compromise between



25 only specific antibody binding to the coated antigen. F) Detection of SE
Anti bodi es from Chi cken Sera The fabricated crystals were taken fromthe
freezer and allowed to equilibrate to room tenperature. The resonant
frequency was nmeasured as FR. Sanple used in this detection was 30 chicken
sera. Diluted serum sanpl es reduced the background caused by interfering
protein, but also caused a | oss of sensitivity due to the | ower anti body
concentration. In thi s exanple, dil uti on 21of serum sarrpl es fifty-fold (1:50)

wi th PBS buffer rom n21the
requirements of é\%?l ST r?c\'}f?ftsempw relLE eo(’r'ieehaPid aﬁ‘g Dijge ﬁ@%ﬁF R ‘f‘g Pttt i ng

bi ndi ng on the O‘tiﬁbpndeﬁhﬁr@dtlmalmld@rh 19 higofdjittdd neeim sekihplamas paved oh@ e@h bf tieftwdi | ut ed
serum sanpl e Wassidel 36 ey @i c&acdinenot BE: o m@eled?ddgﬁﬁ)ongte E)Qﬁmgiroy%%u?E and covered
the whole area of.  the e ectrode at roomtenperature for a m nut es.
After washing and™¥f%y |?| F 3Pshirp gk dyine ef e ervsrebdeprantt epyerp ey VYRl ues were 5
det ermi ned a% Fsdeteﬁﬁheﬁ$ IQGTRfFe@p&DdBStb&ehbh@adﬂ’&ﬁtﬁm&ﬂﬁ:@ﬁﬁide@ﬂ s&azus&%by det ect ed
serumsanple. A tot 2NL.Sela Ve control negative
and 6 control posi tlsle()tagjef?g%w{%g%eg%ﬁ%é b W@%Ollﬁa?i’ehm& ’Ft?‘)op rr%vﬁéeéa of the
fabricated sensofeeuHde ‘F"égﬁlﬁle§erfaﬁén°§l‘1809rfatiﬂnatqﬂlsgﬁnf dhe SsultsBeshdvwmémgtiency change

caused by posi t|yerhaﬂ?dz{uda@gﬁ§dgy@us‘é(ﬁwo§§vela§d &Edme%h}&lléé iHolib &l Qfere@l  PrOVi des a
YES or NO di agnost|a(‘:3sa,§bssuor set as the average signal

of the 10 six negative cong\’ I'a§“°5“|° re§"ht ﬁ}eég'offvﬁb Wa%fﬁt R EYragenagel g Bt of f
t hreshol d ofl0 176sixmegdsivejcppirply plss th.rasl&les SDAwhirh bere 2 @B fithrdkiobiwhl 76.2 Hainwes @scassay ed
using an SE- Pz sensofnofhki 39 UfiGovikerARG: Ldifd {15%1%% dpz s Brighi@ (Etﬁgreguﬂs traditional

i mrunoassay results. For an SE-Pz sensor, presence or sence of anti body
to SE is determ W&tFoBEY t?‘?%‘[iﬁﬁ‘@ﬁ’&f?“&*ﬁéﬁ@%“ﬂ“%“ﬁé*é%t e Prff@FQ)QfébS@m‘tj after
i ncubation W t hofsgibeiesiBecienmined Yyfa fiedvencOPhar(gF &R e Sty stdl Befdr@BSafeiadibdibe cut of f

threshol d, .176. \Zuh"s‘é?& E}h&ﬁlkns E&?é%ér"eé 151'95? H})cutoffkhresho}dﬁyhl 7o hLaS negative for

SE anti bodi es, and i ter an or cGtof f
threshol d, the shfpPee jsslawifabs peepieaSE fm@ﬁdm W,ilfft*@?rA%Eng fhipodpaslto The

posi tive contr ol the GRFEHOSKOTEMEAMP is aa@ﬂb&egosﬁvmmﬁlamlbpﬂélﬁhk Y&iisd GRAL - Si X

sanpl es out of 335 W ; r than or . stro positive control
serum Another 11°s Seaneip (éy%gaa}? PEtg S‘%“af F\’iéaéan% t?fﬁ%w“?%rﬁﬁcﬁllﬂﬁf 18 were

negati ve. These %‘Sé%ngtas thalpbsﬂe(grceéol sme”pmthérrlmmnwes eppeag8 as pdisitibes andgst er n bl ot
20 assay and t hereﬁﬂmm@%x@hég&{w@\tﬁésé rB50iks @ Ao dE e éﬁoé@r&nbﬂd%rh'r%ésteiﬁ'bkt Table 1.4

is a 2x2 Ta%g 1aS§1a ] ¥ an n%grné on of Pz sensor and traditional
i munoassay “West 8f a%l%cf ‘fﬁ‘@& By P pRsgody Test Kit. Table 1.4 15 222

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 a+b
SE-Pz sensor negative c d ctd
30 Total atc b+d

Sensitivity = a/(a+c); Specificity = d/(b+d); Concordance = (a+d)/(at+b+c+d)



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 h atb SE-Pz sensor
negative ¢ d c+d 30 Total a+c b+d Sensitivity = a/(a+c); Specificity =

d/ (b+d) ;. Concordance = (a+d)/ (a+b+c+d) 22 contingency Table, by which the
compari son 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 wer & 100% and 95% respectively. 5 QG
Detection of SEahiRQUrER {/ SUCHL EiRifPLKshp; LS WX HIRLE uadififialet eCt ed
sanple type is egg yo Dil'utions from1 : were tested. 1t was f ound
that a 1:5 dil ut"P‘BWOWaE/ ﬁ“’F’Bé? DR agnsapand tra?mnﬁmnwe?ssav el erpgidperemt s of
sensitivity andobanad thaglavk sdnkitvity mid epetiadity Rgre DOORChhOgS%%, tpekaively. he opti mal
dilution, 10 tL of diluted egg yolk sanple were added onto both sides of the
crystal and covered the whole area of the 10 electrode in a 37C i ncubator for
about 30 m Rut e$) Difeetion ofiEhiibadies &iow cldekgri etk t he said crystal, a resonant

frequency val ue was Igﬁts%§mpn%@éct£§am&e%gd€% egﬂorkeﬁlﬁg&gﬁor{m(?lrtJ-'lelorWe?es adsorption
caused by detected sa known eg s fromexperinentally

infected or uni ‘?‘?F%é‘t‘@af"é‘ﬁ‘i Bgans di}\%’f"éwﬂb@é&“g"d “B%/OpgﬁaléE“Pie%‘éﬁ%E)‘F of The results
are shown in Fi gesigvity and b@lingotihe imtérferinpbintieg. Was: dedpting dilaisn, 1 e eveii@ge of the

negative sanpl eg goakssamé 88 zadéa%ﬁtowﬁs@e; andarg, 1% codgéﬁ't&t 1 -arcdVNMPLE 2

Fabrication of a sensor for tecti on ‘of Porclne eproduc 7 ve and
Respi r at or y!%Sy nglegieg 4 7S ‘“E)ibé‘%‘é%féb"iuﬁopi“g‘ées Zgtenyasiipeapddrdng tersaigd frym@e onbi nant

Por ci ne Repr odu&tresvxentaff&qheRQSzﬁlher\adsGft&mﬁm IFQ rlrﬁFs\éoﬁédﬁonds(tEﬁiR%\@s afatpligen Uni que
sequences encodinhg_ for I‘CI n e tive an i rator rome Virus
(PRRSV) in pi gs V\L/grdebyldgent li %ﬂﬁg@c 38" ee%géﬁFS &Peﬁpeﬁ@gﬁ%ﬁﬁﬁﬁcﬁ?fes (ORFs) in
its genome: | a,uniplggtedzhicigns WP,re dgtscte@ by arf- PZ sengir. PRRSVItsstershdwn ivfdigurais &k f or
anplification ofcudifvalue (XSkshined B avéraBVof the negative samples plus three times the standard

15 deviation.
EXAMPLE 2
Fabrication of a Pz sensor for the Detection of Porcine
Reproductive and Respiratory Syndrome Virus 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 M 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



25 PCR and cloned into bacterial host Escherichia coli JM 105 conpetent 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 reconbi nant expression process and
purification procedure were nearly identical . to that for the SE antigen
described in Exanple 1. Viral protein products fromORFs 5 and 7 were
recovered in the 8 Murea extraction step, The 8 Murea fraction was purified
by excision 30 of the band froma preparative SDS-PAGE. The purified and
reconbi nantly expgs@ss acurpltyoh®éxferimaRily iiG&ted Piys. Prr oland wephealehaddarter i zed by a

Western blot with the. Y& . eéve 3 sera fromnaturally and
experinental ly i n(?leenégtlég&%l 954%ﬁh§?ﬂ\; eéeatg o lch&mp(%améul ated from sequence

is 9,000, and 41,000 kIl determ ned by SDS gel eI ectrophoresis. B) Fabrication

?L a Pz Selnsor m)tﬁabrPEﬁB§¥agBEen§;ranMrg@n daass@.ntlg(cl?%(ﬁg@ Mpz%ﬁwr)t 51n T
is exanple, reco an i n"was used as sensing antigen. To

fabricate the Pz se ggn];s cﬁ\ﬁ“ipﬁRé P%f%\ﬁ&l‘—z qggp?rpﬂ?eé}‘?‘f‘sf’sﬁ?/%*rsem‘e%?}’&?eé ° and

non- coval ent i rfuhpibitd ihz &t iseisor et OPRR SWeDRF-a plopih ddyera sovelas afid badtovatenExanpl e 1.

Al though each method GRSHIRM: vk Aﬂteésﬁﬁés&fasdu?gpgry@ 1 Ritholh O ChdhoB LRGN

corresponding to certain frequenCé anges experinments I ndicated
that coval ent binufisigntigombet rqiin Bipsling cprepseonding tﬂgma@ﬁrewq@y plesages.i fygheand 10

negative serum Sﬁaﬁ&lhleﬁs indithd PHaORN QIXE biMdRzEs B CQRE @rc@s@lngu-ﬂﬂ&e peditat lavel y strong
backgr ound 0cont a}Eut ed by the.neg t| ve control fre ncy change

nd t
when i ncubal®ed WER tHe™ DB tlw\(/) A VBT PeopEc @?eﬁ%?t”W%Bfl% Cl?%g‘“‘fndi cate
that the nons pe@Plﬁqﬂelteé(‘;IEthF mgilttmcm@@ ﬁ@u@whkﬁrdq@ncycergwcs rdogteewigtthd | exi sts as

the riesult of t%sﬂ'iv@ﬁ:&l&&elrhé ﬂ%e%r&te%‘nﬁ? mdlgatfﬁhaﬁﬁg M&?&QUHQ&%GE resi@dsphded on it.
The latter problemmy re from| gss of activi e coated PRRSV

protein and as a°1%°} %elf ‘”‘tsﬁés BeR RO Bt PR e Eh g B e 8y 5ht | body and
t he coat ed PRRS\Anjirt kitan prakdenemaypeseviant led ofaItb/xtpMetfecamEPmkﬂa/slﬁotélmdpf@bl ens and

obtain a cl ?ﬁr q'les%ft lth@%lluﬁ@-r&&&)%@t@les?%§t!ecﬁed\éngbgi?(JndbtP %&d M&S§ g)@i% \§e're the
rma

following efforts were nmade. First, a ents such as
PBS, dried mil k,Pyeredtiogvemne dusep ﬁfolﬂ?ﬁs obtaip plear djsiaggion @tweﬁwaateén% th PRRSV
coated crystal degfiarsRndOnd RCwin3Gidr3 Grer ﬁhadeemlrstparpyrsﬁriatle bMéKtnd rea@htlFhchadTpl es.

Second, to incr el%%edr&!i]%xlk gg 111"1%] %uf?er %se§ io%(!:gllate(\:wat}ilﬁlglg%\})%atgy crysF PSI tive

control serum the’ serum’ithcubat on I hclhudi ng the
time, tenperat ur@forea”ﬁ%ia%@r‘b?ﬁodfrfq ‘msiabwth %NUIH Erhé%ege@w o ingeapethefifanets ective in

i nproving tbhe peshims HRACQuR] bi e p&BINS Qhirol KU, WRALEh Yncubaftf cmnrowaé ent bi ndi ng
of PRRSV pr ot ei nggllf{: 18cll:g¥ng§1g%§e %epxgﬁra[ts%ug fﬁgg\gg{e ylog lgéogreAll tgesé/ e%}ons were ine e<|;titvee reasonabl e

for fabrication
in improving the performance of the sensor.

Fortunately, the non-covalent binding of PRRSV protein directly onto the surface of the
crystal is quite reasonable for fabrication of the Pz sensor with PRRSV layer.

25 There is a strong and irreversible adsorption of protein on a gold electrode due to the
hydrophobic and thiol-gold interaction between protein molecules and gold surface. To
immobilize PRRSV protein onto the surface of the crystal, the thoroughly cleaned crystals (F,)
were dipped into PRRSV protein solution overnight at room temperature. To avoid the
evaporation of the solution, the homemade micro-container with dipping crystal was kept in a

30 box at high humidity. After washing with distilled water the coated crystals were air-dried (Fg).

Casein buffer, which contains 0.5% casein, 0.2% Tween 20 in PBS buffer, was incubated with



25 There is a strong and irreversible adsorption of protein on a gold

el ectrode due to the hydrophobic and thiol-gold interaction between protein
nol ecul es and gold surface. To inmobilize PRRSV protein onto the surface of
the crystal, the thoroughly cleaned crystals. (FO) were dipped into PRRSV
protein solution overnight at roomtenperature. To avoid the evaporation of
the solution, the honemade m cro-containgfy with dipping crystal was kept in a
30 box at high humdity. After washing with distilled water the coated
crystals were aitrecgstiledofrRB)peratu€4s &haur. Ibhif ¥ followd b Wesiimnibddryisy (B).3%Fcasei n, 0. 2%
Tween 20 in PBS , t t terrperature
for 1 hour. Thi ;%@oﬁ%séo%@énhﬂ%iﬁ?ﬁ%ﬁ ?&r{ggg Jg(ri]gﬁd&%?cﬁgo%%&%muﬁ OfIflkg(gmcorresponds
to the anount ofP"¥ibtein binding, and FB-FR relates to the adsorption of the
bl ock protein. The Thak#: aamelxt@qumeupa‘oatmgeﬁegdm agat ué}ﬁlinﬂ @tt@@lfﬁisl&urface

depend on: t he i ff ci.en 2) the
p 15) efﬁjment oyae r‘ied molecu €; é?tﬂ!le delmf) Oft t]'t1ehsurface alrea%emgoc]pated 1ot ? YOHJ e g% )

ratio of the surface area € Vo | ution; 3)
t he concentr at i oprtipd solutiga; %dbs‘!nemtl:@wlb@" thegubstis obeing ddsorigd; 4) ke temparpwe;abdir e; and 5)

the Iength of tisyeeheREiSeRE hdodiptiof Al thedS&ord ACHRESun@HE whod MeRHmRRG, t he nost
inportant is to determne the optinmal antigen concentration for coating in

each system To déWémh?pé‘ﬁal "%ﬁfi% CRUeSR{Atign & CpatRe aBFl Walte dlos@HEDRiek he coati ng
prot ei n needs t cesaviy dthe faaicl shdoethsiobtrg pORintnkkds thGatgate fvait:ble 6ifes bhge cryst al on
t he one hanﬁ) Oluxrfala,eof 91(: tl—?slial Qﬁﬂ%n&%@OWééthepﬁanﬁ %%sttbgta@e%%egs% S%g ng} s of

bi nding proteins_at different concentration, siInce actual dens ty of

bi nding may af f d¥ding preteipsakditferepy cgseraiionisinge tsiapient depsicne! biadipd rreafiasrrgsuiisot aI | ow

anti body to bi ndiigeeaiupendaf osh@kd xﬁayln&ml(b& dnfitddy t§ bilBbecaddd b s@RNNIIRAAGHE €S bei ng
too closely pack nge of PRRSV protein used in this

entr a
Exanpl e was ntég)frrl’rf()lecu‘e&feﬁ’f” °°li%§ylpangé the protein binding amount
corresponded to a frH’qepethl@h@agéP@iSVWIB@@iw@sEWhmlewaSHQ(Dl@bkli bghi¢ he coat ed

crystals (FR), aalak PBB%%dﬂQ&h&Jh%@rre%ogdeﬁ%y@qm cm%yma@@owz%er hem (Fs)
and the sensitivi t eéaate%(e nsgrs with different PRRSV protein binding

capaci ti es was r%or‘i R 2B PRREV-pRgvedtss ey 8 ‘TFP&‘E"“F’P?I%\?‘%? ndi ng
anount at the r ande efsitili§of e Bikds GithiiffettaRRREV pratitignding cdpiictisaia thbrigred 0 a

frequency ChangE{F@Lflre é%zlpwéwerb%’thams{/@ﬁdlﬁgﬁomﬁgt%'r&n%é’o%’l%‘% 3t15|5ké) 5@53520 (FR

Fs) caused by the positive control bei nog To obtaln Hz of
PRRSV bi ndi ng, Z55gFmondre PRRIVIGEIIES b RORAS H wasdbearostsprsitiveo it thad F
concentrati an. uﬁ,d&Dcat;dadlsjtwadﬁ\chmolbanéEo-gﬂ)}ﬂ:uantI ty of crystals were coated.

The amounts of pr Ot"?oo@talgb%d}%g'lgzof%mm% X%E n%Légf ER&PS%ymonwgsu-ls_gibasgez 1. The

hi ghI y uni form ano
optlmal 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.



of PRRSV protein binding for each fabricated crystal is the basis of high
sensor-to-sensor 25 reproducibility. This physical adsorption nethod was used
for the experinments described below in sections CGF of this Exanple. 25
Table 2.:1 ORF 5 PRRSV protein binding anount AF caused by Bi ndi ng capacity

Bi ndi ng capacity No. PRRSV bi ndi ng (ng/side)(nnol/side) (Hz) 1250112. 80. 0028
52330148. 80. 0036 3285128. 50. 0031 4325146, 60. 0036 5260117. 30. 0029
6310139. 80. 0034 107360162. 40. 0040 8265113° 50. 0029 9280126. 30. 0031
10300135. 30. 0033 Aver ageSD296. 535. 0133.14dH; 80. 00330. 00038 15 C) Sanpl e Test
Protocol The coated and bl ocked crystals were kept at 4C. The coated and

bl ocked crystals were removed F¥Forrtherrer Pirgermewt and all owed to reach room
tenperature. The resamant frefueneiy Was BiReEgddpeily as ﬁh&m@mﬁmﬁgnples used in
this detection were pig ser ples. In this 20 Exanple, djluting serum
sanpl es five-fold (1:5) mﬁtﬁﬁngE§%¥?er was ¥ otnd to beh?ﬁé“ kst conpromi se
bet ween the requirements of sen@itivity and handling of interfering binding.

Under 1 250 112.8 0.0028
5 2 330 148.8 0.0036
3 285 128.5 0.0031
4 325 146.6 0.0036.
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 1353 0.0033
Average+SD 296.5+35.0 133.7+15.8 0.0033+0.00038
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 atlowed 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 Fg. 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 scnsors. 12 truc PRRSV-negative reference sera (group A) had
normally distributed Fg-Fg 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



the optimal dilution, 10 L of diluted serum sanple were added on each side of
the crystal and the whole area of the electrode was covered at room
tenperature for 10 minutes (it was found that a 10 m nute sanple incubation
is optinmal). After washing and drying the.said crystal, 25 resonant frequency
val ues were determned as Fs. FR-Fs corresponds to the mass adsorption caused
by the detected serumsanples. A total of 41 pig sera were included in this
Exanpl e. Figure 9 shows the sumari zed neasurenent results in a colum graph.

O these sanpl eserd dseS© Eanphid 1 bbsitAty @1 Spedificit) bUhsSEls@ with GAdQidRul Bf)este?qt aotnegat ive

controls and p03|t|ve C. tron ect veI whi ch e to 30
determ ne the perdfcc‘i?ur"?%mgﬂ & PoY 'dfdhELESSensé’%SrJg epT%"‘ie [J%’S“’P"ﬁ\fg%? ‘ff&%@t"%@ Fef erence
sera (group A) Hadminabbyreefrenyendichingd df titted st Refpis andadfterasuragongiithghdf serom 0 t 0 60,

with a mean val 'sl%mﬁén (305 P@Qxe gF t_sqess &J@Q&tﬂm@m&é thelﬂf?)le%l&agsif{ed Lshx'é&lﬁ\h&qg)rd was set as

t he average frequency s ative controls ree tinmes the
standard devi at i @%“’%HBFH%F“T@mbPS‘%@?&‘@@Vﬁﬁﬁm@?°%%§£”ﬁﬂ§ﬁ8%ﬁm§éﬁa and 26
were used to conpaified atslpaltsefosmmsvmmbomch sSxﬁ;ﬂ&lofxtloCﬂhé 1% lmémltpfmweseemswe W t h
traditional V\éstar%rtﬂ rQ{\Qere ne %B\g: ﬁu%@?e?@ﬁﬂ%&fdﬁ ell 1ttx gleHDE%IXI S An utldt"Pes The
presence or absence 0 antT b det er m ne requency change
of the crystal BéP6W§Waﬁdﬁa$Wer i ncubation with the serun1 speC|nen (FR-Fs).

|f the AF is less than cutoff threshold, the sanple is classified as negative
for 5 PRRSV anti bodies, and if the iF | ?ﬁ%reater than or equal to cutoff

t hreshol d, Phe sanple is ClaSB‘rﬁﬁmno é%kg gmggr PRRSV anti bodies. 8

sanpl es out of the 15 in gro _,”cgh_ Ehe i A e est were negative.
These results al | —agreed—wetwth —HBE RS—ARt oty —Tes Kit or
West ern bl ot assay—Tabte -+6Bi-st b 'a- of —ER PRRS—Pz—sensor frequency
change val ug for real negatlwe pi g serum sanpl es No. @ F (Hz) 160 1525 352 432
510 640 3 52
4 32
5 10
6 40
20 7 7
8 2
9 36
10 50
11 9
25 12 55
AveragetSD 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 PRRSV antibodies.



2077 82 936 1050 119 251255 AverageSD30.020.1 Cutoff threshold (Average + 3

SD)90.2 D) Cross Conpari son between | DEXX ELI SA 30Several real pig sera

results obtained by an ORF 5 PRRSV Pz sensor were cross- conpared with the

results of the commercially avail abl e | DEXX PRRS ELI SA TEST KI T (Tabl e

2.3).

The | DEXX PRRS ELI SA procedures were perforned using the standard protocols,

by which the presence or absence of antijody to PRRSV is determ ned by

calculating the S/IP ratio of each sanple. If the S/Pratio is |less than 0.4,

the sanple is classified as negative fdFbPRRSY 35 anti bodi es,

andif the S/P

ratio is greater than ghse sk Q:tvgeerflPRRtS— : Jnﬁ)rﬁn&@@# ed as, positive
for PRRSV anti bodies. 27 A Hz rmali ze rati oNormali zed signal
2 25

*Signal * Cut-off threshold 90.20.40 1{RBSE&gseneyp.

SerunB(-) 350. 390. 240. 60 Sanpl es4 Weak (z)) 156kal%2D. 7883 Normalized

Weak( +) 1401. 550. 631. 58 6( +) 3103. 442. 05. 00 7(+) 2502. 782. 15. 2% T
signal of each sanple is defined as the ratio of the frequeR€Y change of
t he sanpl e, AF sanpl eCuppff h8&kRM sanpl e,

BN ERREEHISAI 0. 170. 41

El*e nornal i zed

15

t®.zutof f threshobd4b frequency. Each

serumin Table 2.3 with a nmed§urenment®nornmali%ed val 4¥ | arge?2¥ han 1 can be

classified as a positfi®e spedten. Seoum Ol 0.17 0.41
Serum 3) 35 0.39 0.24 0.60

Samples 4 Weak (+) 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

74 250 2.78 2.1 525

15

20

25

30

The normalized signal of each sample is defined as the ratio of the frequency change of
the sample, AF g1 OF (S/P) gmpte; 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-
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
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.



sanples 1-3 were identified by a Pz sensor as negative with a normalized
signal range fromO- 0.39, whereas the normalized signal fromthe | DEXX ELI SA
was in the range of 0.25-0.60. Serum sanples 6 and 7 were strong positives
with a normalized signal fromthe Pz sensor of 2.8 20 3.4, and the | DEXX ELI SA
gave a nornalized signal of 5.00-5.25. Serum specinen Nos. 4 and 5 were
identified as weakly positive. The normahgzed signals for both the PRRSV Pz
sensor and the commercial | DEXX ELISA were only a little bit higher than 1.
E) Reproducibility of the ORF 5 PRRSV Fablsshsor 25 To nonitor the
reproduci bility of frequenglegﬂg@@g@ofg&gﬁgﬁ@&%?gifér%t§§ Qf;, several sera
sanples were detected multiple times with different fabricated sensors (Table
2.4). The st andar ®®*&vi ation was in the range of 5.0-15.0% which was
conparabl e wi th | DEXXzy esul t)s anzt-yweryweacgept aphe. Taphe 2. 3 gahoss conpari son
bet ween PRRS ORF 5;,Pz sensor and | DEXX ELI SA PRRSV Pz sensor | DEXX PRRS ELI SA
30 28 Table 2.4 Patra e o6 Sht-sagpl-es—by¢ ef-ep crystals 5
10 Sanple 102(-)3 (V‘éak +)4s(+)5 soll mes 19010140310225295
25520115250195310 36Q5--32¢R50-- #A------240--- 4, 250
Ave. SD67. 89. 915. 32. 3427. 517. 7275..523. 3223. 227. 5402.517.5 RSD _
(9 14. 615. 018. 88. 54».+85. F7Bo Rauysady | i2h y+107 LIVS+SENSDESL275 302.5417.5

RSD (%) 14.6 15.0 13.8 8.5 12.3 5.3

F. Reusability of the sensors

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

15 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

20 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%.

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

Regeneration of Used Crystals

30 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/KCI-NaOH, pH
[1.0 (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



The reusability here refers to the case in which a fabricated crystal was used
to detect a 15 negative serumfirst, and it could be reused to perform

anot her assay. Four fabricated crystals (1- 4) were enployed to detect two
negative control sera, and two positive control sera in different order. The
result is showmn in Figure 10. Crystal 1 was incubated with negative control 1
first, wth the resulting signal, AF, bgng 36 Hz. Crystal | was then

i ncubated with negative control 2 and produced a 50 Hz frequency change.

Furt her nore, t hiagothepdsep Figgedl! 1drB/shbwthe yasitivithefia r@eneiatad CRRSY ePd sanbor (Figareposi ti ve
control and the mA)qp}dJ&@géne%q@EJpz VRS @idete HB). AGEY 51 &y calBpeldiflh RS

reference, by whic sanp tgom tive control was detected directly, and
produced a 250 I—Eeverg?lﬁlr‘??ilo ¥ PHEFdt wo crystals were used to performa simlar
experinment. Positiveidonht aid (B gmessmdeltcmemze@hldsgtveauﬂnﬁﬂhu&m mwpshcail and
directly bysa n | f | etwotests
were very clsoseq?\lg%eg%&@%)tfd ﬂe-?&) Qgsgg% %qu &a\%{;&éﬂ% \r/%wé:lyeht;i‘\er%)ggtq ﬁ%ﬁo St{)‘{ SD 15% 25
This indicated tpins ff%[bﬁifaé%ﬂa@@:lseéﬁoy%‘tf% dt ig giviatiyefor amastel SBrfva @a@ttons Fori nes wi t hout

obvi ous | oss of exzﬁ@[&Szl fhioMdotyounEx iRl urBce haagﬁ&%ﬂiaﬁalg@%tvﬁgn ddniadd g\Mﬁxt als 30
After a positive, s re atjon of r|cted stals can be
performed by a’P ap%t‘?gttg gyuff?cﬁgf‘{r%’@lg%@é% Q‘ f“éfacfdcﬁ 1) Ofﬁnﬂru{ 5 n buffered
boric aci d/ KCl - Na@Ks, feilelvedby rigsing 5@h diitillef wa@er G Bralivl thiyduequrncs-re@ih, t therprighall M NaOH)

can renove fohe Q)QJe'hQé)ldK &&Qm&Qﬁaccbm%mbleé{&@{cwm&h'gagsu%&h distilled
wat er and PBS buffer the crystal can be used for 29 another assay. Figures I

| A-B show the semdetiPdiay thBF"‘%P‘”f“é’g%ﬂf@F%ff"é‘&P PRI digyomnaeeid solytion @Grhé‘ | 1A and
a redenerat ed SirRiha $e1hs tiol {oRipgintl eeaftd BYface Alrauntbindnt ARESSAYEN Eanbibatger f or med
before irreversj, o is Qfov Mty Qeeyrred.  Ic %Eﬁ% G0

pot assi um di chrgil}rgétﬂg L?@io ! 3%!3 %%X tgbq%% I%%‘b Pf S v g%c‘fd%jmgo mL
concentr at ed HZSEB@F’\Wé?é%ﬁlﬁﬁ‘b%lef}‘tfﬁeé‘ﬁfawa‘éthfi‘éﬁmcfc&f%é5tnr?éte%est way to strip the

whol e coatiang frOmﬁef'rﬁ@zl'ch&lactfe{dAmg%QrgoISlyl;”fa&ﬁ%n thrde gblg aﬁdlbxtyé%mlﬁka%&r al nost al |
surface conditi q{é eneratggofaly(iﬁ’qgétreatedac S canbeacgwr@eggnd m)(iicl’r 10{1 gfﬁsiopgtace has a

strong |inkage between and a d°surface by
dropping 10 L ofFlgztredhﬁmwﬂbeee@madorsv@ihmommmr@ie am)waehmmgtlnnomfprAﬁﬂmnﬂ es, followed
by rinsing wth girgtildgeywat er can make the frequency return to the ori gi nal
10 base line FO, and any new surface nodification is perm ssible on the newy
built gold surface. Figure 12 shows the conparison of regeneration ability of
di chromat e 3ti d sol u¥hienheam@dntipethas 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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Piranha for the thiol conpound treated surface. Reconmbi nant PRRSV protein
imobilization directly on gold is proved to be rather stable. The
regeneration for a PRRSV adsorbed gold surface involves incubation of the
surface with dichromc acid for 15 mnutes. 15 The interaction of y-APTES on
gold is based on three gold and oxygen |inkages. 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 tr edISStDERAFERENGES 20 Whil e the invention has been disclosed in

this patent appl |B(;Q@{(énggn§)xn &i81 5‘28? élé%tr(gn}g mﬂ%%ﬁ‘”&? of preferred enbodi nents
b un

of the invention, er st ood isclosure is intended in

an illustrative r(%é‘tvﬁ‘@fjpt(h%ﬁ) M‘h‘é"sf"l”fﬂ%ff’ﬁdg“%%h@el 2l&s it is contenplated that
nodi fi cati ons WFkdnksraads)l Ero@ﬁi(BH)EccHn&oéyl |1Q$637 (Blfchdn} B6ks |Tﬂt0tvb$ie@'jetrse W thin the

spirit of the invegption a g _ d clains. 2530LISTCF
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LI STI NG <110> Li, Sam Fong Yau Su, Xiaodi Kwang, Jimmy Low, Sharon Liu,
Wei Institute of Ml ecul ar Agrobiol ogy <120> A NOVEL | MMUNO- DI AGNOSTI C- TEST
METHOD FOR VETERI NARY DI SEASE <130> 2577-118 <140> Not yet assigned <141>
1999- 06- 03 <160> 4 <170> Patentln Ver.32.0 <210> 1 <211> 270 <212> DNA <213>
Sal nonel la enteritidis <220> <221> CDS <222> (1)..(270) <400> 1 tct act get

ggt acc get gaa gcc aaa gcg ata get g@ko@ass atdrigaa 48 Ser Thr Ala Gy Thr
Ala Qu Ala Lys Ala lle Ala dy Ala lle Lys 1 5 10 15

<110> Li, Sam Fong Yau
Su, Xiaodi
Kwang, Jimmy
Low, Sharon
Liu, Wei
Institute of Molecular Agrobiology

<120> A NOVEL IMMUNO-DIAGNOSTIC TEST METHOD FOR VETERINARY
DISEASE

<130> 2577-118

<140> Not yet assigned
<141> 19939-06-03

<160> 4

<170> PatentIn Ver. 2.0

<210> 1

<211> 270

<212> DNA

<213> Salmonella enteritidis

<220>
<221> CDS
<222> (1)..(270)

<400> 1

tct act gect ggt acc gct gaa gcc aaa geg ata get ggt gec att aaa 48
Ser Thr Ala Gly Thr Ala Glu Ala Lys Ala Ile Ala Gly Ala Ile Lys
1 5 10 15

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
o 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

gcg acg gat gtt aat gct gect 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



ggt ggt aag gaa gga gat acc ttt gat tat aaa ggc gtg act ttt act 96 Gy Qy
Lys Au Gy 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
Gy Asp Asp Ay Asn Ay Lys Val Ser Thr Thr 35 40 45 atc aat ggt gaa -aaa gtt
acg tta act gtc get gat att gcc act ggc 192 Ile Asn Gy Gu Lys Val Thr Leu
Thr Val Ala Asp Ile Ala Thr Gy 50 55 80 gcg acg gat gtt aat get get acc tta
caa tca agc aaa aat gtt tat 240. Ala Thr Asp Val Asn Ala Ala Thr Leu A n Ser
Ser Lys Asn Valsodyr, 65 70 75 80 aca tct gta gtg aac ggt cag ttt act ttt Thr
Ser Val Val AsserGrir QAancBhenrThra PheaB5n80aR7 01e<ih0&1 y2n1a<PlelByH0 <212> PRT
<213> Salnonel | & enteritidis 32 <400> 2 Se¥ Thr Ala Ay T Ala Gu Ala Lys
Aalle Alla AnAg Li€chkysly dsprhOpdednd yyrrﬁws b¥Svdd e Chie ASP Thr Phe Asp Tyr
r

Lys Gy Val Thr Phe r 220 25 30 Ile Asp Lys Thr @y Asp Asp Ay Asn Gy
Lys Val Ser Th

Thr 35 40_45 ]| n Gy GQu Lys Val Thr Leu Thr Val Al a Asp
lle Ala Thr @ ;I’/le gﬁ) By & MraG%SSPEﬁ ﬁ;/la?%/A ﬁl%?‘/%s )Sja;asﬁ‘hFhiéﬁr dn Ser Ser Lys
Asn Val Tyr '

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 tgce tcg cga ttg ctt tect 48
Met Leu Gly Lys Cys Leu Thr Val Gly Cys Cys Ser Arg Leu Leu Ser

1 5 10 15

LLtg Lgg tgt atc gtg ccg ttc tgt ttt gct gtg ctc gcc gac gcc cac 96
Leu Trp Cys Ile Val Pro Phe Cys Phe Ala Val Leu Ala Asp Ala His

agc agc agc agce tcl cabt 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
35 40 45

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

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

gecc 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 gcc ggg ttt gtt cac ggg cgg tat gtc ctg agt age 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 gce 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 Ile Arg Phe Val
115 120 125



65 70 75 80 Thr Ser Val Val Asn Ay A n Phe Thr Phe 85 90 <210> 3 <211> 630
<212> DNA <213> Porci ne reproductive and respiratory syndrome virus <220>
<221> CDS <222> (1)..(600) <400> 3 atg ttg ggg aaa tgc ttg acc gtg ggc tgt tgc
tog cga ttg ctt tct 48 Mt Leu Ay Lys Cys Leu Thr Val Gy Cys Cys Ser Arg
Leu Leu Ser 1 5 10 15 LLy Lgg tgt atc gtg cog ttc tgt ttt get gtg etc gcc gac
gcc cac 96 Leu Trp Cys Ile Val Pro Pae Cys Phe Ala Val Leu Ala Asp Ala Hs 20
25 30 ago ago ago ago LcL calL clLg caa Ltc att tac aac ttg acg eta Lyt 144 Ser
Ser Ser Ser Sekagthst LU BPbgy biLcdyLcAoR LU N, Lan Q¥s 35 49,45 gag ctg
aat ggc aca gatyst CtsaMgebergatr BagATIt bergags tiggagCay gty AD2phed U Leu Asn Gy
Thr Asp Trp Leu Asp Arg Phe ASp Trp Ala Vall®0 55 60 gag ago ttt gtc atc
ttt cot gtt ttgrtacly gacadt baPbde LQOAAta9684e €0y S8BT g RhgValghl e Phe Pro
Val Leu Thr Hi 8oy ke ¥ad Ti8ekysTgyy &y LE5TROARST:80AGCErCh® @At 112CC ago cat ttc
ctt gac aca att*°got tta gtc act’ gtg 288 Al a'P%eu Thr Th,r S8 Hi s Phe Leu Asp
Thr Ile Al a LektaV Iy a B28290:99ad 6tc CqgfCLatd &t QtL. caGg,ggg cgg tat
gtc ctg agt ag@leag&ﬂgx L{ECA%%E?Y S@rgél'lhglgtﬁg@l a@lj%yg%hasvﬁ Hiesgsﬂ wuArg Tyr Val Leu
Ser Ser lle Tyr 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
Ala Leu Thr Thr Ser llis 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



100
384
125
Lys
ctt
Asp
gag
Arg
gtg
Asp
ggt
H s

105 110 gcg gtc tgt gcc ctg got gcg ttg act tge ttc gtc att agg ttt gta

Al a Val

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

33 aag aat tgc atg tcc tgg cgc tac tca tgt act aga tat acc aac ttt 432

Asn
ctg
Thr
aag

-QIS

gac
Lys
agg
Lys
gat
Ser
cat
200

respiratory
Ser Arg Leu

Ala Asp Al a

Thr

Leu

Cys

Met Ser Trp Arg Tyr Ser Cys Thr Arg Tyr Thr Asn Phe -130 135 140
act aag ggc aga ctc tat cgt tgg cgg tcg cct gtc att 480 Leu Leu
Gy Arg Leu Tyr Arg Trp APy Ser Pro Val |le 145 150 155 160 ata
ggc aaa gtt gag gtc 'gaa ggt cat ctg atc gat ctc 528 Ile Gu Lys
Valse Gnlla Vb & w-Ady Hies lhgu |1e Asp Leu 165 170 175 aaa aga gtt
ggt tcc gBg gca acc cct 2ata acc aga gtt 576 Lys Arg Val Val Leu
Val Ala Thr Pro Ile Thr Arg Val 1B0O 185 190 tca gcg gaa caa tgg
tagatgactt ctgtcatgat agcacggctc 630 Ser Ala Gu A@n Trp Ay Arg
<210> 4 <211> 200 <212> PRT <213> Porcine reproductive and
syndronme virus <400> 4 Met Leu Gy Lys Cys Leu Thr Val @y Cys Cys
Leu Ser 1 5 10 15 Leu Trp Cys Ile Val Pro Phe Cys Phe Ala Val Leu
His 20 25 30 Ser Ser Ser Ser Ser His Leu An Phe Ile Tyr Asn Leu
35 40 45 .



Gu Leu Asn Ay Thr Asp Trp Leu Ala Asp Arg Phe Asp Trp Ala Val 50 55 60 Gu
Ser Phe Val Ile Phe Pro Val Leu Thr His Ile Val Ser Tyr Ay 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 Gy Phe Val Hs Ay Arg Tyr Val Leu Ser Ser Ile Tyr 100 105 110 Al a 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 Gy Arg Leu Tyr Arg Trp Arg Ser Pro Val Ile 145 150 155 160 Ile
Gu Lys Arg Ay Lys Val Gu Val du AysH s Leu Ile Asp Leu 165 170 175 Lys
Arg Val Val Leu Asp Ay Ser Val Ala Thr Pro Ile Thr Arg Val 180 185 190 34
Ser Ala Qu @n Trp Ay Arg His 195 200 35 CLAIMS 1. A nethod for performng
an i munodiGighMs i c test for veterinary diseases in an organismof an

i nfecti ous agent associated with Sal nonella enteritidis (SE) or PRRSV,

conpri sing:l-a) Kmedied far pérfrgmaa amminivgehiaghpstintestdprd cienfagcdiseagsinagent or an

anti body speci f pigarfisr ofan infeghgus geant fssooiried aith Silmpreta ¢ntanisidia (N by PRRS VA

pi ezoel ectric (PERESYPEtal ; b) nmeasuring a resonant frequency of said crystal

following step (a); c) contacting said crystal with a biol ogical specinen from
said organismt & bémlf{n@g]g%,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 | 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.



wherein said crystal was previously used in a test which was negative for said
i nfectious agent; d) neasuring a resonant frequency of said crystal follow ng
step (c); e) conparing the resonant frequency neasured in step (b) with the
resonant. Frequency neasured in step (d) wherein if the difference between
the two frequencies is equal to or greater than a cut-off threshold val ue
then said biological specinen is positive for the presence of said infectious
agent. 2. The nethod of claim1l wherein said antigen is a reconbi nant anti gen.
3. The method of claim1l wherein following step (a) said crystal is contacted
with a blocking reagent. 4. The nethodéof claim| wherein said antigen is a

t ransnenbr ane envel ope protein. 5. The nethod of claim4 wherein said

transt enbrane envel ope protein is reconbinantly produced as a fusion protein
conpri si ng Gl ut Serhastred o5 ltimanstfeerian@ im@ebiingThperivetdddd a ofethod slected wher ei n sai d
i nobi | i zi ng i sfrpreEe@rosRePnpiyting ofrbtphirdbakadbapiton dnto f metal aripelygyrongona@igivdi sti ng of

1) physi cal ads%fVﬁmlP’éfhz)6W@n@mﬁﬁtga>ht0@rpolm@ﬁy%kawfeﬁeolwquun@deateéPlystalal and 2)
coval ent bi ndl ng onto pol yner, silane or thiol conpound treated crystal. 7.
The met hod ‘of cliivhte \Rﬁé%a%wlwrbwdﬂﬁﬁmlw%lﬁ@erﬁogneﬁér/flwplﬁrwxw @isshi ng sai d
Pz crystal int ’(S‘toa?sgld iR 9 834 %JFlg%“al d antigen. 8. The nethod of claim1 wherein
sai d bi ol ogj cal ., speci | uted prior to said _contacting. 9. The nethod
of claim 3g8f urtjﬁ eé%’ﬂq%?fl%‘inﬁ mﬂ%“’é"tgﬁﬁlsw?"ﬁ?qndwﬂﬁﬁdE‘t“éﬁo ©), the step of

bl ocki ng, and step’ @) wher ein sal d washl ng |s wlth a phy3| ol ogi cal buffer

conpri si ng e dﬁ]ic%negh 913f om r1s1n%i ash].?. 6teps owdlg & gal) (S&l% sgep% ysi ol ogi cal
i

buf fer |sapho n claim3
wherein said blﬁg anQ §?1§ wdff noaﬁha Slw\l/teal ﬁr% 0lgm ﬁf erccflﬁpel%hét *hod

according to clai n% 11 wher ein sal d bl ocki ng agent i s bovine serum al bumn or
casein buffier. R melih@ of@&lﬂ%lﬁ&%ﬁbﬂﬁlﬁﬁlcgﬂb@ffgpls?a Mﬁfhgtk Guf?e?éanlRleOCk' ng

reagent is applied by a dip technique or a drop technique. . The net hod of
claim 1 whenei NTigahdthod Qb RGO Paidi 3t bherinthiabRBkif Rt REECA mracm paﬁé{.or med

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

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

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

15.  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.

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

17. The method of claim 1 wherein said antigen of the infectious agent PRRSV comprises
ORF 5 of PRRSV.



in a liquid phase or in a vapor phase. 15. The nethod according to claiml
wherein said cut-off threshold is defined as the nean value of negative
controls plus three times the standard deviation. 16. The nethod of claim1l
wherein said antigen of the infectious agent Salnonella enteritidis (SE)
conprises a peptide of SEQID NO 2. 17. The nethod of claim 1l wherein said
antigen of the infectious agent PRRSV conprises ORF 5 of PRRSV. 37 18. A

nmet hod of regenerating a used Pz crystal coated with i) a bound antigen or ii)
a bound antibody froman infectious agent associated with Sal nonell a
enteritidis (SE) or PRRSV by washing wrth a buffer containing boric

aci d/ KCl -NaOH to renpove any protein bound to said antigen or antibody while
not renovi Ng. satdoetot pregenentirgntusdddd yrysthlepadwidl i) owiundjantigani od iiPzboond/st al wi t h
bound anti gen ontisedviftsoy infective agauseatiateligiithAalmpndila entoftidsdégorre FRRSIg a used Pz
crystal of d ai i 18hibywitashy f?acqmatwpgdp@mc@ﬂﬁ@é‘%tdrenmeme'wot?"ebﬁm ng any
bound protein aF‘i’daléﬁ“}“gB‘bﬁlfri‘dﬂté’ Y Veiernot smpyivghgidantiger preagibody (hetely alloyingwhi ch new
antigen can be H%U%dq“?bW“W@EWH@H$§PF@“ P4y tebATPIPSi ng a Pz crystal coated with
an antigen or an anti body specific _for said antigen froman infectious agent
associ ated Wit hﬁ‘Bﬂfe‘Fgeﬁeréﬁ‘i’tgél“ﬁdlpdF@Stilﬁr{gaé? 18 yrpeayng)yv g dgomaseacidrh o

di agnostic kit @F ) THPRY IR AGIE PTe e Ay PRfeRtiger loproqueh e Staldnt i gen. 22.
The di agnostic R 5?”8 Y eln sai d reconbi nant antigen of the

| nfect| Ousﬁ'?genk d1a nos nte 0I ans??gtaelxz crysta gat )th an an rensreasn a%tl r[%o:f%m of SEQ 1D
is

NO 2. 23 ed m antigen of
the infectious F an nfec%o a €n ?edévjrtﬂs monetllﬁen & g@rfor M ng an

i mrunodi agnostl C test faOI’ the pr esence in an or ganl smof an i nf ectious agent

associ at ed M  NriRAlERRR Lo 56 bhali Pl kel REBRYndiaRRse, | cOMPIi sing: a)
i mmobi lizing an antigen fromsaid infectious agent or an anti body specific

for an antigenThd @MEh&at di a6 D] PRSCiRGRIVecoRBindnt RAREOS RGhfelioul{ £l crystal; b)
measuring a resonantelf ERGien 9E) edmERisd pedtaSHRIEQDINGW ng st ep (a) c)
contacting said crystal with a biological specinen fromsaid organismto be

I_U

test ed; 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.



d) neasuring a resonant frequency of said crystal following step (c); e)
conparing the resonant frequency neasured in step (b) wth the resonant
frequency neasured in step (d) wherein if the difference between the two
frequencies is equal to or greater than a cut-off threshold value then said
bi ol ogi cal specinen is positive for the presence of said infectious agent.
25. The nmethod of claim 26, wherein said antigen is a reconbi nant antigen. 37a
26. The nmethod of claim 24 wherein following step (a) said crystal is
contacted with a blocking reagent. 27. The method of claim?24 wherein said
antigen is a transnmenbrane envel ope preotein. 28. The nmethod of claim27
wherein said transnenbrane envel ope protein is reconbinantly produced as a
fusion protein conprising glutathione S-transferase. 29. The nethod of claim
24 wher ei n %ai dThenmalnidlof 2lkimR4i véheparfblominedtepya) seideysdd coedoedtvedtl a from t he group
consi sting of 1ploghneseagait. adsor pti on onto a netal or pol ystyrene nodified
crystal and 2) coval ent binding onto a polyner, silane or thiol conpound
treated crygSt al Theggethofipéclaip Mothersn seifl aitigeri9a wivemernimarsgnkldperpotsinl | zi ng i s
perfornmed by dipping said Pz crystalinto a solution of said antigen. 38 A
NOVEL |Mvuraé DI def qESR 7 ViR FaRmyETERIENARYC DPSEASECORBST The
present i nvent i BRIysebIsiadesionpraiein eroprising sletpbioppiaiinsfatapeve det ection of viral or
bacteri al nti podi es from ani mal body fluid, and an apparatus for perform ng
t he sane. e a?gaff‘eé}fq.‘@fdﬁ.‘ _ r“g‘?@gf%‘@%}é"lﬁg‘é@d?ﬁ?rﬂ’éf %%@C%O:Eﬁdé??fbl ectric
crystal, which rﬁgﬁi‘%‘?é‘ﬂmlﬁ‘b‘gé@ﬁ 0¥592] A9TRIEN BOR £ P & POIXTTe dffggonant
frequency is medstid SRERCOBITRY st

! . H&"Bt"&rﬁ’fﬂ%f’rs% PO URT E7TPORR tbeia;g%ré b anot her
aspect, the,r eC?l%bIh%ﬁOBtOf é’l'aiﬁlgi? \fl%relt?lgz%ggngﬂ&lilizf%ré%tp%}f?nﬂeﬁ

pd R0 L1zed on the
surface of the _SallPa.Ghyskalaang..acts as an rantiger “Th one énbodi ment, the
presence or absence of viral or cterial specific antibody nmay be determ ned
using the fabricated Pz sensor by nonitoring the frequency change signal. In
anot her enbodi nent, the present nethod is proved to be inexpensive, 10

sinple, and rapid. Figure 1
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A NOVEL IMMUNO-DIAGNOSTIC TEST METHOD
FOR VETERINARY DISEASE

ABSTRACT

The present invention provides a method for the qualitative detection of viral or bacterial
antibodies from animal body fluid, and an apparatus for performing the same. The apparatus
according to one aspect includes a pie;zoelcctric crystal, which is operated by an oscillation
circuit, and the resonant frequency is measurement by using a universal counter. According to
another aspect, the recombinant viral or bacterial protein is immobilized on the surface of the
said Pz crystal and acts as an antigen. In one embodiment, the presence or absence of viral or
bacterial specific antibody may be determined using the fabricated Pz sensor by monitoring the

frequency change signal. In another embodiment, the present method is proved to be inexpensive,

simple, and -rapid.

Figure 1



