; e3eBBI Lx06f T> A METHOD AND APPARATUS FOR M CROARRAYI NG OF BI OLOG CAL
FLU DS SAMPLES ON BI OLOd CAL SUBSTRATES Field of the Inv ' The
present invention generally relates to the field of depoﬁ@ﬂﬂ‘ﬂﬁ“ﬂﬂﬂ@lﬂh&rrays
of biological fluid sanples on biological substrates. In , the
i'nvention relates to a nethod and apparlat us for inproved throékput and
quality of depositing biological fluid sanples in a mcroarray on

bi ol ogi cal substrates. Background of the Invention [002] Wth increase
research and dAVGIEPHEND AN ARRARAIL]S dOBRMNECROARR AXINGH @QF t echnol ogy
have al so escal ated significantly. M croarra)ii ng or the replication of

t housands BIQLOGKEAL FELULS MS@W DW@G@&L@}&SW&'XBE@@ cal
substrates for gene expression verification and validation has |ong been in
use in the fields of Iife sciences. The biological fluid sanples are often
mere spots neasuring |less than 100 m crons across and 150 mcrons to 200

m crons fromeach other. The quality of these spots as well as the speed
and t hroughput of the production_of. the mcroparrays are now a grow ng

FBRld ey

concern. [003] Conventional sys PYYr ayi ng i nvol ve the use of
robotic systens depositing nultiple spots of DNA (deoxyri bonucl ei c aci d)

sanpl es ol agi cal. r i | &St Efh G d

coat ed glctgos@ g‘l’}fgd@g kﬁlﬁemfégggfgigg&%}l tééﬁfgs}ésfsbp?{(%a %igrggs%p %%%?%E’Flat org}stth';h end
ef f ect or pidlgpédd FlufitdmpdeCors BidlogicabsubsRgtes. On PaRRulg, ihet @veéntdarm@latesttbay

pi cking up biological fluid sanples contained therein before depositing or

spot t i ng mé¢thodawd appacaths forunpresdphesgbmitant kmabtfyodfodgposiking tbslogical dkid

Mul tiple spottings may be perforned before the biological fluid sanples on
t he spot tspmgleiitha magreargapiekielogisalsubpEatef ns have to re-dip into the sanple
tray to pick up nore biological fluid sanples. Such 2 chem cally coated
gl ass slides containing the m croscopic arrays of deposited spots
conprising DNA sanples are co as DNA chips. [004] Present
systens by increasi ng nunber Oﬁﬁ%g%éﬁf@@ﬁ%?ﬁ}gﬁtg%nthe end effector have
attenpted to increase the production rate of the DNA chips. Sanple trays
havi ng mybd2) Pl Witk idpedsé FERBArsh ahd Weldpnidnt b FEndini¥a defaddsObn PhiSloRgdyGd
fluid sanples to be deposited at each spotting have al so been desi gned and
utili zed technplogy hawealgr esdalated signifehmtly. Manpdrenyingay shd seplicatnedfdheusandd o
array trays_ having nultiple wells of which the common ones are: 96 well and
384 wel | odbicdggienl glvélsﬁaﬂ@&@y} stapll aiGsearrpyy en diodegicsh substrateatfor gane exprgssidput

and quality_.of. DNA chips aje also affected, by e .need.to wa he spptting
o'ns o opehfisarian apd Sehdafof TPRE P B¢ Bobe diskie e S ftes g Pibpeial
duration.g $ ' f ' J i i :

envi r onmiiE SpteChe? bR ENACEIBS (BB Mo PACMEAGHS dePesS R 13 P picrons,
and spot ty, %O%I&od@e@&ntéaclb%ﬂﬁkeaﬂ‘lfedﬂdaﬁgu bRlitede PRI CABWEY aGhOsFeddNEndt art
of spotting and in between spotting to rmaintain the cleanliness of the
spot ti ng thionghput o€ thegirsdretiby ofitht @titi®anangl dré Yowh grbweinPdnadm.ps. [ 006]

Studi es have revealed that in a nom nal batch of DNA chips, the rate of
defective production is in the range of 0.5%to 10% DNA chips are

consi dered defective even if a ?i ngl e spot out, of the de irogd_several

t housand [043t Lopvemigralgy ey of dnifosgrayngnidvalye thepbsi ©barodatic heySE®S chi p.

I ffici .d it f i al . | d h
usel ess SRROUTE PRRBRT IOt B THefraentugl il SufrlEs iy dc Bl <P
Def ect i v Qublie B RHAH S WRMAAR!E aUMmitat cbited RIAVRIQNCYhe CHERR! G t he

spotting pirns I n between spotting 1s very 1 nportant and has “a direct

i nf | uenceygiballyhascimahiphidatd?s vitHAesd bﬁ'@qt&fs%_Uﬁl@cinulﬁ?léVﬁ_étti@nﬁins Nfof dpingy
systens dedicate up to 25% of production tine perform ng washing cycles.
However, into & samplagy vackinggp dioddgicnl finid samplesmentaaetd thdrein ticfiere aleposting
production time of the DNA chips are also affected si%nifica_ntly. 3 (007]
Det ect i orPrspoigiagdhe piptogigajaileidi samples oafas theahiolpgisd rauhsfrateso MdBltiplea8PHEBEY t s of

experinments and tests, conducted can.be severely inpaired and conpronm sed if
S Pow cor duale Replored peIBRARE bistosdial aiigsRBiE) Po st 5 Rt ing o P LR
substr at I t f i [ Spaltf £ LiCd r.es Y,

i nspecti gﬁe glfns %‘ éu‘éetst}g%f)a?c%%lg sg@g@éaﬁﬁg2&5{2&&%%@?&%&1&&2%%% Fg'n?g‘E

| aborat ory technicians, researchers and scientists using m croscopes

i nspecting individual DNA chip one at a tinme. The inspecty ol ogy
depl oyed usual ly invol ves |1 00% vi sual checking with the }Mﬂ@ﬂﬁﬂwm cope.
Thi s nethod di sadvant ageously relies on the skill, exper

concentration of the | aboratory technicians, researchers and*c§®2enti sts
perform ng the inspection. Furthernore, by the tine the inspection is
carried out, it would not be possible to re-spot or re-deposit additional

o r — o e _ - N .



[ 0010] Accordingly, in one aspect, the present invention provides an
apparatus for depositing a plurality of spots of biological fluid sanples
on a plurality of biological substrates, the apparatus conprising: an array
tabl e for supporting the plurality of 4 bi ol ogi cal substrates; at |east
two configurable spotting pin assenbl i €& each having a plurality of
spotting pins for depositing the plurality of spots of biological fluid
sanpl es aghemfvallpl coarddi gissoblidbsotongdiniag thelhaicratasic drings pvfudapositgd ofpots
spotting pins capable of being selectively retracted and extended

i ndi vi duadonyprising DNAepompihsrare gommonly refierradta gsUPMAxbipsavi ng a qui ck change
devi ce adapted for coupling to one of the at |east two configurable
spotting pin assenblies and for positioning the one of the at |east two

confi gur tin i S |1 e d bt plupral Ity of
bi ol ogi cipb'ﬁl uirggesn grsrgﬁtgllfs’pcl)’g ?‘ﬁfg&ﬂ# r%rbﬁ?ryo Oﬁj%gl}n& E‘g‘.s céalfl {hgu ngjt ertg{aeozl;%gg
second ”?a{ﬂeﬂwtéﬁt BinGeARY anﬁctgomgde'dmé ONANCHRR, | Spl€ €4 € Badifig multiple
positioning the optical device for scanning and acquiring the image data of
the pl ur addnipartafennR twelle bhllowidk A0iatialy Jfibivlebica TRl Esantlesttd ®e depasabd htyeatl

bi ol ogi cal substrates; a processor having nenory neans for receiving and
processi mpottimggiave alse Heen desigred apd utilizedd®vinceasnpodwtion antes.ol $ampde tdags f i r st
mani pul ator, the second mani pul ator and the at |east two configurable

spot t i ng have dgselenad| intosarrayhisaysi havingempltipleewelly of ihish g eamyinpy opefeare i e
data from t.he 4ic%i devi.ce processes the image data for detecting

| ocati ons™ el et RIats i o) ogi cal fluid sanples which do not meet a
predet erm ned specification on the biological substrates; and further
wherein the processor further controls the first manipulator to position
the one qbodjhestadict Gaset alsoNshos@Nfhiat tHeatroughpat hhd gualith FSNADLhIS atealkdbre

| ocations of the desired spots of biological fluid sanples which do not
nmeet t he gifeettdt by nthaeked poc waklc ahe apsttagd pssl popetlel 3t eogutan dintdreald egith ed
spotting pin or a plurality of desired spotting pins independently to

faci | i t atappropsiage sperifigdoimefdurations pdpasting obilBNHgekipy ard usually seppdudiedrn t hese
| ocations. [0011] In another _ aspect, the esent invention gﬁovides,

met hod f otterdpSavirepyments, ngt ynlikey clean omss  Stovisvel ggntagingtion; ik gpgrsandn o

con i gur RS et Rl RE sBandd R0 bR oeF b S ol sbdeill apt .
each SPOtdeigerPiBuGAPRD hiithin RS Rikalitle8CbE URl dpokily BRI FhiBR dindeteaecl

i ndi vidually an ndependently, a second mani pul at'or coupled to "an opti cal

devi ce angmﬁqpﬁpme$naaﬂh¢@e met hod conprising the steps: engaging the first
configurable spotting pin assenbly; dipping the plurality of spotting pins
of the first configurable spotting pin assenbly into S an array tray,;

Pocat on 68t B Srdhioh s 8L By SRR i e o
Shots of BPBRR S IRChab S EABHPRIDNIIIEEHE FRBRRK] i At ©
| nspect| a”?nélsé‘ Epo‘?' dtit %f'tl%é’ogt%zr]eé I@%?al Qﬁolﬁ,‘ﬁrﬁi Q€ 3 DN A SR Gissed ahllSot

bi ol ogi c ubstrate. n a further "aspect, the present Invention
provi des, deposiRidstiht N & RAIp | ISufficiRhtidepokitivn OFf DVAL Hateffial Win0d §eit GAdy hlkeli d
sanples in a mcroarray on a biological substrates using a first

mani pul atenderabal subt tweekess hud singilaely che €A dopfmayualadlbe copsidéred gefoctive.
assenbly having a plurality of spotting pins, a second mani pul ator coupl ed
to an optPefastiveeNdechips aeeswiusablensnd lvsudl by thigpve, aveayondleppiag of dbg spptting
confi gurahl e, ttin i n.assenbly an rrocessor, .the neth conpri sing
Che st epcPngingroneey riineif BRSSP teatnd B0 0AF 7 giFeeinienft op M SEATY of
assenbl y; AP PIE ralA f  Spat:1.d i | gur e
spotting %ﬁgpé?ggnéﬁﬁh?%¥o g%&ﬁ?§%9at?ﬁ%?&%ﬁgfpﬁ8ﬁ$ngaﬁﬁﬁgg%%gyggféng
spotting poAudRacihb Bf)effﬂm?in?%sﬁiﬁ dyeeal I10vev3ROF tdd thanh SwhihRlg0Gicfe8 | are
substrate by lowering the plurality of spotting pins to contact 'the

bi ol ogi caimplethaitedyt thenl ethe Sdctiah pradyekioh afimé yofothes PNAS  elipdi ad¢ cgdscc affeétbdii d
sanpl es on the biological substrate; perform ng a washing cycle on the
first presigiiieandsl. confi gurabl e spotting pin assenbly now soil ed; engaging
t he second pre-cleaned configurable spotting pin assenbly while the steps
of performng a washing cycle are still being perforned and repeating the
steps of dipping to steps of spotting with the second pre-cleaned
configurable spotting pin assenbly. (0013] In yet another aspect, the
present invention provides, a nethod for spotting a plurality of spots of
bi ol ogi cal fluid sanples on a biological substrate using a first
mani pul ator coupled to a first configurable spotting nodul e havi ng neans
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mani pul at or having a qui ck change devi ce adapted for coupling to one of the
at |l east two configurable spotting nodules and for positioning the one of
the at | east two configurable spotting nodules to deposit the plurality of
spots of biological fluid sanples on the plurality of biological

sSubstrates; a second mani pul at or adaptea for coupling to an optical device
for positioning the optical device for scanning and acquiring of imge data
of the plurality of spots of biological fluid sanples on the plurality of

bi ol ogi cal substrates; a processor having nenory neans for receiving,

pr ocessi niozndDstectiom gf idefegtived BINA f chops fshelsopini taporthat i coaceam chsf masults of
controlling the first manipul ator, the second mani pul ator and the at | east
two conf i ¢iPeEments apdtastsrgndnsird s bepearely impaieedmng cempmmisgsbih a fevervgiabg t he
i mage data fro e optical device processes and stores the.jmge data for
ot oct | ool BF POV a6 rcRpHes PSS O 5 HPORRU-ALoRIFY 0L S OO &B do
not neet r I | i QN : i heal r ;n@and
Furthor vl B Rel o BuERh b ell O ALRORE o el o
position ﬁlbﬁheﬂlze b9f expérichted SlabdraionP feRfitighy, aRls@arsiRed t afd0 soRdHASS ukiggt he

| ocations of the desired spots of biological fluid sanples which do not

neet the micoebpesninsedtisg adividuah DN Shinohesa#t| € tiney &hy inspectyoroicthodelogpt t i ng
or re-depositing of the desired spots of biological fluid sanples which do
not | meet | dapbossrawaalirinyelues Kyl visielaodring wihithé abeofonicpscens. Fhist method

Drawi ngs [0016] A preferred and an alternpative, enbodi nent of the present

i nvent i on‘[hﬁﬁ‘ ventageously FRYES omy ey sigls expasisace and (copesngpbon: of t e ¢ RO ngs

bi of ogi caiceRgt. st i pRlp RBLR ek, TR0 RR B 4R e e

present i gxentieeion Is dalei&ut Ft Godfy hdd Wﬁs@fbfes tP r& Gt AUt RpEsif B@&ifibﬂhﬁl pin
assenbly of FIG | ; 8 [0019] FIG 2B iTlustrates 'a second nani pul at or of

FIG 1; [ OpidRkickl faidRarhplesohlaahRsin@Bp@r sty thebloRgRhl Subirdte Ha9®dd rdnkdvedB
illustrates a substrate well of FIG 3A; [0022] FIG3C illustrates a spring
| oaded bafrbmpheiamgayrtable. FI G 3B; [0023] FIG 4 illustrates a flowhart of the
nmet hod for the spotting of biological fluid sanples on biol ogical
substrates in accordance with the preferred enbodi nent; [0024] FIGS

‘El 'G:’Zf "ToRIE e b Bep SRR sSR! B S plBR AR 3%03'?5??3: the
i i . E . 61l.: i
ctops of Sioar y3innny sae Bl ot i pistuy R R Ruern 0RO TR

f 1 owchar tthﬂfug!hFﬂt aiE QudlRy TRAHrbl. NThhd) ethBieOtetiitah neetbFor atiRw ahd Mhfrdded and
[0028] FIG9 illustrates a flowhart of the nmethod for the spotting of

bi ol ogi camethbdiadd spparhies fonmikredroayingadr spotisigrvlegical rfluid sampleshor bislodical he
alternati veb terrtbodi ment. Detail ed description of the Draw ngs
substrates.

Summary of the Invention

[009] The present invention seeks to provide a method and apparatus for the depositing

of microarrays of biological fluid samples on biological substrates.

[0010] Accordingly, in one aspect, the present invention provides an apparatus for
depositing a plurality of spots of biological fluid samples on a plurality of biological

substrates, the apparatus comprising: an array table for supporting the plurality of



[ 0029] A nethod and apparatus for mcroarraying biological fluid sanples on
bi ol ogi cal substrates with a preferred enbodi nent and an alternative

enbodi ment is described. It 9 shall be apparent to one skilled in the
art, however that the invention may be ‘{)racti ced without such details. Sone
of the details may not be described at Tength so as not to obscure the
invention. [0030] Referring to FIG 1 an apparatus 10 for m croarraying

bi ol ogi caliolbgitdl bubaabss SatOldadt thloU t@fighpablef spuitihe @it adssemntiliet ratiehaving a
illustrated. The apparatus 10 generally conprises a stand 24 for supporting
a vari et ylafalitpoobspotting pesdbr depoattingrthapluralsy ef 5pots aof taslogigal fluid eargples a
washi ng nodul e, a_ first nanggulator 16 for coupling to a configurable

spot ti ng Py teaplurlip) I biplogical substigtesathepplugalisy of spebing| rRips capaple shbsieg|
device 20, a.third i t 0. f.or. i d '
Cont e 2ol IR, R TP i By P e S, B P o

and a pr roF i i r FIG 1
and Fi G IR A BaR: dice dple T Tol BlbBH: B ORCpf HRE Has FLE bl o
as CSPA) shiting pirfasbibidsi anMl f6f posRntrgnHe BhéSf th af 104st RO Lo MGirable SRRES t i NY
spots of biological fluid sanples in mcroarrays on the biol ogical

subst r at gsin addembiibsitoaddpbyit te Hmatity ofgsppisid tislegien dhidshnepiesagre thesplyratigpabl e
of being se[ecpiveléiretracted and extended individually and i ndependently
for re-spdibisolpgicaisubstetasda sasond manipylajor gdanted far copphingdgranepticakdeyirstior ng
process. The, extendin d.the retracti i ndi vidual |y and_.independeni|y of
each of (IEITSRIe NP Hahdevies for SCaRDE AR CANDE the agdhty E the IRy pt y of
vacuum ni e u t i ndLYi Iy . [ Ln. 40

vacuum 1 8Bt 4B R ARG | AU GRS, e
generat | rlﬂtvﬂn%‘fh&ﬁ‘éry @Rahs FRRERIENPIndSHLEGEINY Shdgeaatd Haiate dpHcd Yedics ayat ed

i ndi vidually and i1 hdependently. "Alternatively, this vacuum source can be a
vacuum puigp contsilingl the firsy agdnipalates ethe Osecond trnigpulatof ediidr e sit deagetwd 0032]
The first manipulator 16 is typically a 3-axis robotic armand is able to
mani pul ateonfigerableospetying pm $SeMblies; whersincibs precefsor luponmepeivirdg the dmageodada on
and in proximty of the stand 24. The first manipul ator 16 s, adapted to

coupl e t dremshecsntisalideviop Prregsies Bie imagg datk fordetrging iasptaens ofjfesirgd snoks ehange

devi t. |y all the fi i pul at qr_16.t 0. rapidly. di

ol r eady O RRRR N tees, W 4B ok g« SRRk spidicPigh e Hiskield) 92%%
] h ! 0

engage a%b&%t?f&%&%@@ﬁ?h@?&% n?r.olé’s%oxf Rriifer g,%H{rQM RE First GdiBpadestr ther

have additi ona incorporated to convert the 3-axis
robotic giogition the 6t &fl théd 18ast BRO borkTiguidble SE¥UEY pint hSscaibligy tadihatlecatidns of
typically conprises nultiple wells for containing a variety or a plurality
of bi ol oghe adesir¢duispots anf Ibedogdical ftliigh amglesnwhich- do pit ngeasf the hpredetetmipéd
spotting pins of the CSPA 14. The array plate 22 is commercially avail able
i n sever apeeifipgtions raadselestival: §xtgnd sheadasitgd| spoffingapinp Pataepluradigs 4L dasisedir r ay
table 12 is for .securely sypporti.ng a. plural..t f . bi ol ogicgl. .substyates
and al | oiPAYIEHRIS 18depeRdsalip Ip deeihtisteotegatiph ditye RS el | pgB by m

t he spott f bi ol egi fluid sanpl es on the securely supported
bi ol ogi ca%aﬂjg)tlfgs? Blé 82‘_9‘! es'array table 12 conprises of a flat platform

having nultiple substrate wells 13, each substrate well 13 for securing a
singl e biological substrate. Each substrate well 13 has at |east two

abut nment Joe] flaranpthac aspect| thapdessntpipecrtioafpravibesoh otioal fos spetting tacplufality her ,

a spring | oaded ball plunger 47 adds to the secure placenent and support of
t he bi ol otfi wpets efibinlogiaak fluithsamples ay 4 bislpsirab apbstipleunsieg aafirst ymaripdator
conprises a |1 bearing 50 and a conpression spring,49. Placenent of a

bi ol ogi caqougﬁaé aclirat £oiguEble, peting b astermbly hiving: uwalir-of FROURE PEWst two

edges of the hialogi.cal substrate onto.the at |east, two abutents, 45. ., At
The sane PspoRRE i craabieat Stk Pyt estd 3k SSeRE AR, 50
of the sptj e t Walall : 10 pring
B0 and TR e or e A B0 TR T e
subst r at emgthbddi ddniphigingUthst stepL Wiphgingd 3he (A3 odnfibueably Bpoitihg@lpie dsdernbly;
typically situated in proximty fromthe array plate 22. This is to ensure
t hat the dippisg theapiupalitatofspaiting pirsecofsthe dirstoronBgurabhle sEsang pin assemblysingr t

di stance fromdi pping the CSPA 14 into the array plate 22 and then spotting
t he biological fluid sanples onto the biological substrates on the array
table 12. 11 [0036] Referring to FIG 1 and FI G 2B, the second nani pul at or
18 is typically a 2-axis robotic armand is able to mani pul ate and convey

t he coupl ed optical device 20 to access a full range of |ocations on the
array table 12 where the biological substrates are supported. The array
table 12 has a plurality of substrate wells 13 which advantageously all ows

______ Y b1 N oy



[ 0038] Wil e undergoi ng washing, the soiled CSPA 14 is conveyed fromthe
hol ding station 34, to the ultrasonic cleaner 35, to the water bath 36 and
then to the vacuum dryer 37 by 12 the third mani pul ator 30. Wien washi ng
is conpleted, the third mani pulator 30 then deposits the soiled CSPA 14 now
¢l eaned back into one of the conpartnen?s of the holding station 34. The
washi ng nodul e advant ageously allows the first manipulator to continue with
spotting &f artyardyt ?bsﬁﬂbrﬁﬁé 1 Ulst doatiegrablelsPotting pii Sss6hBRNAG deSitA kdatid; | €
the third mani'pul"ator 30 of the washi ng nodul e conveys the soil ed CSPA 14
for cl eandpogingTthe rhdologicdl Bebstfaty By 1@ve@ingithe pluddity dif gpbbingaitis togcmsacttthe
soi |l ed CSPA 14 to be washed. [0039] Referring to FIG 4, the method 400 for
m cr oar r a§iplegictli vibsigate adeppbiting as plwpldy afnsivitolod drielagical uhyd rsamplesi an the

accordance wWth the present inventio tarts with the. step.of engagi 410
e pr o crelossal edssRteaminmmeries e pliraY of Seath ol wipltgicat e RS BRL
The CSPA 14, 1 nveyed by the first manipulator 16 to the array plate
22. The &é@PE%F%R§%%§'ing pins 40 of the CSPA are then dipped 415 into the
array plate 22. The CSPA 14 is then conveyed to the array table 12 and then
positioned 420 in a desired location for the mcroarraying of the

bi ol ogi cajoora)blit & durber 4PD]th¥Vimesenefirventioh ngrolidesjt & ansthod for fspatting! ane as
in the present case, two paraneters of 2 reference axes are normally

r equi r ed. plaslituaftspotsiod biolgige flaidetampiesde inticnogray e hiolagicah sebstraieh usingm a
different axis and the intersection of the two axes is normally consjidered
a base r e Brstpanipulatpricaupled i frst prevcdeaned gonfigyeabl,snotting pin Aseerpkly having

advant ageousl y. ut.lizes at |east two adjacent es of .t he. biol ogi cal
Subot r at cLPith bt sace Rins! & 38ond WP FHLARE PhupBRIAB o sl ik, & aiipe o
adj acent . Wl : i

Bi 01 ogi caraip bfving a3l Byt iR NRIRRETSbONME A xRy AR AhrblRarr
ref er encethaxe&haEbrR@ng G StePIC Bripa@ihn@ MeOfiist pra¢ledndll RohfiguriblO 6RREAE ignd
controllers when the biol ogical substrates are prearranged edge-to-edge and
secur ed basserabiyedippingtthe phirality of spaiting pims rof tthconfigimbbhspottimggoosksenddyses
errors as, the di mensional variances of the biological substrates may vary
accor di nginfaan aeaydtays pesitiening thelconfigypble spalting pinassemblyriarasdesisedt locatitier ent

Lo be. spospats fre biotagicn! ST PE I9¥iing BF sl CapSPEE tr eoMi B Bsent
and, oy TUDEG SRSHLL oSk, el SOLER! o HRRBLES B of e o

subst r at epjoibpRalPsdSRAE; pRYERihERA Whdkinpadyaot ARt pRYIGNES RhARLSHE when
bi ol ogi cal substrates are inherently inconsistent in dinensions as the

r ef er encegpotting piakasseriblp mobhsiledgamagifig thedsecomntl pte-dieamed gonfigurably spotthgs

i ndependent of the nei ghboring biological substrates. %0042] Next, the step
of spott iy asssnblnevibiedho giepalof perfenng a svasking ey¢le areetillbheingopgsformgd @hé  CSPA
14 until the nmultiple spofting pins 40 conme into contact with the

bi ol ogi caicPEAsEt th’&t &§ps T?ﬁ[ ll?lg%gﬁ | 1P SteRS aOfIrE'gH‘BHlBg sp ﬂye BP9ng gPreatleancd;i g
sanpl e bejn sited by each,of the nultiple spotting pins 40 onto the
biologicakxgﬁggﬁgﬁ &mﬁﬁﬁ%mggﬁggétion of the step of spotting 425 the

bi ol ogi cal substrates, the inspecting 430 of the biological substrates is
then perforned. If re-spotting of the biological substrates is required 43
5, the St[ﬂp13]f1nrjaéip&io1tﬁdﬂgis€e7zﬂ thBeprbieat Gaventibn PubEEEAL Mmettodt fo@ sppRingos med.

[ 0043] Re-spotting 470 maybe required when the inspecting 430 of the

bi ol ogi caplusalitys tof atpets dét Bologinasfluidasamiiles enaz eialegical eshbsipase suspfg bi Hisdbgi cal
fluid sanple on the biol ogi cal substrates that do not neet a predeterm ned
speci fi calppipulajor cpupledén aifirg oafigwable speifing anogyle having meays dak sRASHRY Slies t o
det erm ne,whet.her all tt.i 425 of, bi ol ogi cal substr.ates have heen

conp! ot ecispaBtingnfts qf¥iethgicst it rdpes b iR SHaR toERa MG PR i ns
of the : L : d ] nber
of times T e o e O o B B e
CSPA 14 egagggadoty thdBioldgical subBirataUa 8écond Muniuley toupidrio (oQpddal teeiceet hod
400 | oops back and continues with the first mani pul ator 16 engagi ng 410 a
pr e- cl eanad aQ%0gestdr, dmdmethotlicompsisihg dlme sthps: engdgingt the firg-cnpgiralds spdtbngf t he
CSPA 14 had not occurred N tines 445, and if the nunber of spottings 425 by
t he engaged CSPA 14 had occurred a predeterm ned nunber of tinmes n 450,
then n is reset 455 to zero and the CSPA 14 is conveyed to the array tray
22 and re-di pped 415. If the nunber of spottings 14 425 by the engages
CSPA 14 had not occurred n tines 450 then the method 400 | oops back and
continues with the positioning 420 of the CSPA 14 for the next spotting
425. When all the spottings 425 and re-spottings 470 of all the biol ogical

oy o, ~ @ — - AN N - ~NrN A1 ——v 1



15 anal yzed 625. The optical device 20 is typically a CCD canera and may
conprise nore than a single canera. Two CCD caneras nounted in tandem can
be used as the optical device 20 to sinultaneously scan eight deposited

bi ol ogi cal fluid sanples on the biological substrate at any point in tine
i nstant aneously thus accel erating the séanning rate and acquisition of the
i mge data of the spots of biological fluid sanples on the biological

subst r at embielecloxdine eheciing cohfpurdtikd paltd neigle withithe bidlegicab YlukDSangsles;
conpared to using a single CCD canera. (0048] Referring to FIG 7, the steps
of anal yzpesitidrineg ithen fiest danfig@able bspotting prodoles sor desared soedtioh; shastisg ethe of
defining 710 the region of interest. In the present invention, the optical
devi ce 20biglegisal sehstisisorsingfthe féﬂSbgpe%gurahlwaotélaapm@éulsn apf cIngpasfing i e

epost t ecPAHD ok SPHISGH A58 eBPLENG] thndinsihe KBl WREPBnt | ot I ng 715 1 he

deposited spot of biological fluid sanple fromits i medi ate background.
This woul d i nvol ve known i mage processing techni ques especially histogram
cal cul at i @914101196te4 Thrtieer LRl )% HERNE ihRNAbS prdWdsY @tnetBdI I sdtdd hering
to snoothen the histogramand certain known al gorithms to distinguish the
deposi t edplapdity of spotsalfdiplogitalffluid shnsiflepinasmicreamaly tom dbiologicallsublstrafbiasiagep of
deterninin% 720 the characteristics of the deposited spot of biological

flui d sanpliiesti manipalatqseedupledetd. a[frou gie-ateaned ronfigwable speftingt inpdulp diavige
area, conpactness, na~t|nun]d|anete and .circuj ari.ft The

char act er FROHRE Bieans 8%1 T’Rﬂsl—{"r"g MgAns Har spqtting of ASROSIE, SPAL3) Ozyb‘?lﬁﬁ“’@p%‘i‘d of

oo col L SR 5 0L Tl SR o L By
di vi di ng PJP%el@&Néﬁj gggln%fortr@-ﬁeﬁd%ﬁfng%dlbid%l%bﬁ%f bfidl&%l&l ?tﬁmjia‘ﬁl PR (Hibs

apparent area of an i ndex of conpactness is then derived. This

i ndex of memamtgtwls Sutbssraal, s washifg rraddule hasing he seqvidx pefcleanee geonfigurable as

t he i ndex conpares the actual area of the spot of biological fluid sanple
Wi t h respsmttingomodle and a phecessopathe meetbodcorhprisirtghibe stepsr m@@a@tlbefé:ﬁt plrwer ed
by the blologlcal fluid. The characteristic of circularity is sinp

i ndex t hatleansdiconfigugable, spofting deodyle; Qﬁdﬂ?@rthﬁcynﬁ%a%épotang t;mftutfgw&m thFI ui d

SAD! ¢ 1SRG B e SRS B T

predet er nj e ired
Cpot char IRTnS B fcpbhfihd Ml b AP L Raie il .tféei‘&?*ﬁ%%%%&*m%”ﬁ) e
predet er rrpé}ﬁﬂmsrrgeslvtdsm icQele. orﬁt}ﬁaoﬁtgﬂ/a}fr@cméﬁeéoxﬂgmaﬁta SpotRig muteh@ow

| ocation of the spot, e biological substrate where the spot is on and the
spot char suledy erphging )hef secondh pte-¢ledneéd cosfiptrable gpotting) gnadales prbil¢ ithregstép’O of s

sent 750 to _the processor for re-spotting 470 and the software marker

recor ded payfarming & washingeqycleaoe stllt b@%p@&meéwada@zeehn&thecféemmfr@ppmauw 735

t he specificat n.the s i corded 740. [0051
1Rt o v HEPS 4 sBpEing Wi h¢ PoBg Bt lraped po et ShTBRUBPRUE. o ubst o cs

starts mnth the step of the processor rece|V|ng 810 the sof tware markers
for the spots that require respotting. Next selectively extending 815 the
required ppedt Irﬂzg?f'&l fartRér aBpddt, LthélEfefsé’ntQBvéi)ﬁ@h tptd\ﬁdé%' E§ af)1I§H ratu® TP@pokififlg i N
accordance with the software nmar The extended plurality of spotting

pi ns are 4 phnality pyfego326r bmtngcﬁltthndimpledomlﬁlmabty sthiolgicalysybktadtes, Ahe  Next
the CSPA 14 are positioned 825 in a desired location for re-spotting of at
| east oneappasituschnypisingran etrayi table ﬁoosuppeétngtm q@clawgttbc plurality of biological
specifications. The CSPA 14 |s then Iomereg Ee first manipul ator, 16
onto the HHYsiraigH;calileastbq can Ie $ne8ing B 'glFt:%ac fhaljing sgaﬁwgeorr%@aagst ed

Spot t1 mg. B 56l ok RS g Fe S0 hBRR fﬁ‘l&to et FuRalf B
requi red Grbfhiicy 7 RGN NabRIRAS, 4 B RaSORC bl rtg;l i tﬂoetﬂ@t ¥ther

extended again, else the re-spofting 470 of the bio substrat es ends
845. [ 005Rdvirtpospatih®wir ndepositiNg aneams Sbeing capableobf arélectiient ae-gpdttisg apprF at us
10, the apparatus 10 can further be provided with a G aphical User
| nt er f aced¢pesiting sydividwal sgus hf biolagicab Eeitd@ammg butodberpivlegical suhstraties;pd fiystng
means and i nput nmeans. Alternatively, the input neans coul d be incorporated
into the displaying neans an exanple of which is a touch screen Liquid
Crystal Display {LCD). The displaying neans woul d provide data such as the
operational status of the apparatus 10, recorded data of scanned inmages of
t he spots of 17 biological fluid sanples, software markers of spots of
bi ol ogical fluid sanples that failed the predeterm ned specifications and
status of the spottlng 425 and re- spottlng 470 processes. [0053] In the

I T o o, .. - = - g, M



[ 0059] Furthernore, inspecting of the biological substrates 930 is al so
substantially simlar to the inspecting 430 of the biological substrates in
the preferred enbodinment as illustrated in FIG 6. The re-spotting or
re-depositing 970 step of the alternative enbodi nent is al so 19
Substantially sinmilar to the re-spotting 470 of the preferred enbodi nent as
Illustrated in FIG B. However, the CSMrepl aces the CSPA 14 and the neans

for sel eCﬁthﬁ{lMterraﬁiﬂ?tatduﬂﬂk dhasbevdesiéaladsied Sorcduplivs 0l GleOst e lat JeHREtwat es
also differ. [0060] It wll be appreciated that the enbodi mrents descri bed
and i | | ustanfiperdbld apotting moduiestand for pgeitiafing the geaeddahd af leagntvocronfigablar i ous
modi fications and inprovenents can be made by a person skilled in the art
wi t hout denoding mgdeles e tdeposit dhe phiralityeoh spefenef piglpgical 8uid sanpdescraithe 1.

Al f i fi | | i f f hiological fluid
Sarpl be. opluaiiy of BRNEFautaaieS ot wpnd tpSinn EGteis doDsBRhER in 0 BHA o1 ng:
' o . . T4 . o]
Subet r at eddieitor B GOIRAS e OicAl SelRel sSthih S pctlin of RaePUa R B8 |
pluralit y?lﬁfali%P%}' 5péte RiviiodiQl NARPGRIPIdsNeh BRI Plialify2bf bibldpicaP BBstrakk; a

bi ol ogi cal fluid sanples on said plurality of 'biological substrates; said
pl ur al i t yprotess@iahingOm@hols eal fonfRadiviag ofroksiing afd koeihg Wahge daed framtthel and
extended; a first mani pul ator having a qui ck change devi ce adapted for

coupl i ng emicahdevide andifdr eontiollingt the iistooarfipyjatoanshe senood mhandgpubator akthatat i es
and for positioning said one of said at |east two configurable spotting pin
assenbl i e@aqtéwaé:ﬁgggqralggﬁgotgp& ,nwd,u{ey; wherglﬁdﬁg pggcessor upon recelving the image

data from the optical device processes and stores the image data for detecting locations of
desired spots of biological fluid samples which do not meet a predetermined specification
on the biological substrates; and further wherein the processor further controls the first
manipulator to position the one of the at least two configurable spotting modules to the
locations of the desired spots of biological fluid samples which do not meet the
predetermined specifications and selectively carry out re-spotting or re-depositing of the
desired spots of biological fluid samples which do not meet the predetermined

specifications.

Brief Description of the Drawings

[0016] A preferred and an alternative embodiment of the present invention will now be

more fully described, with reference to the drawings of which:

[0017] FIG.1 illustrates an apparatus for the spotting of biological fluid samples on

biological substrates in accordance with the present invention;

»
[0018] FIG.2A illustrates a configurable spotting pin assembly of FIG.1;



bi ol ogical fluid sanples on said plurality of biological substrates; a
second mani pul ator adapted for coupling to an optical device for
positioning said optical device for scanning and acquiring of imge data of
said plurality of spots of biological fluid sanples on said plurality of

bi ol ogi cal substrates; a processor haviﬁg menory neans for receiving,
processing and storing image data fromsaid optical device and for

control | i pg1gaFIG. DB ilistaRe aRUdcdRanimidatdr sLEIGNH mani pul at or and sai d at

| east two configurable spotting pin assenblies; wherein said processor upon
receiving said inage data fromsaid optical device processes and stores
said image data for detecting |ocations of desired spots of biological
fluid sani9P20] Tii.24 ilestiates apaeray sablg elddCGelini ned specification on said

bi ol ogi cal substrates; and further wherein said processor further controls
said first mani pulator to position said one of said at |east two

confi gur ) i J i hd.l ocations of said desired

spot s ofa@?%ﬂogﬁ%%?qgkﬂ%%s§§§g¥§%£ﬁggéﬁFggbﬁbt neet sai d predeterm ned 21
specifications and selectively extend a plurality of desired spotting pins
i ndi vidually and i ndependently to facilitate the deposition of said spots
of bi ol ogjoozd] FIGu3d ilhastrples s springslaaded mtlgtiumpesof BIG.3Be apparatus in
accordance with claim 1, further conprising a washing nodul e for perform ng
a washing cycle on said one of said at |east two configurable spotting pin

S5 el BRI SSETE S e L0 R B ™
e A eGSR Y RS 2 2

plurality of spots of biological fluid sanples on said plurality of

bi ol ogi cal substrates 3. The apparatus in accordance with claim?2, further
conpr i si npo24]t AiG. 6§ iltmthies h flovichad apthedtepo bf aforayigibie sakking agclobf BHG.4; at

| east two configurable spotting pin assenblies between said hol di ng
station, said ultrasonic cleaner, said water bath and said vacuumdryer for
perform n@Psai d washing cycle. 4. The apparatus in accordance with claim 3,

wher ei n sBPEElt FiG-@ Hestiatssiaiovehartrafifhe stepssf inspecting the folqaicak substralgs 9f ed

for couplﬁﬂg410 said one of said at |east two configurable

[0026] FIG.7 illustrates a flowchart of the steps of analyzing image data of FIG.6.

[0027] FIG.8 illustrates a flowchart of the step re-spotting the biological substrates of
FIG.4; and

[0028] FIG.9 illustrates a flowchart of the method for the spotting of biological fluid
samples on biological substrates in accordance with the alternative embodiment.
Detailed description of the Drawings

[0029] A method and apparatus for microarraying biological fluid samples on biological

substrates with a preferred embodiment and an alternative embodiment is described. It



spotting pin assenblies 5. The apparatus in accordance with claiml,
further conprising an array plate adapted for holding and securing said

bi ol ogi cal fluid sanples and for dipping of said plurality of spotting pins
before said depositing of said pluralitg of spots of biological fluid
sanples on said plurality of biological”?substrates. 6. The apparatus in
accordance with claim1, further conprising a displaying neans coupled to

sai d procggh ®e abpireh¥ RPHMCAIISIArthe ke hoaeder(tGhll Jhe invérdioh m3P®e gRfAIad US i n
accordance with claim 1, wherein said optical device further conprises at

| east onewifliintcsackrdatails. Sbhe efptherdetails may aot be daseribedviat fengthasared potmer ei n
said array table further conprises a plurality of substrate wells. 9. The
appar at usobspurgéheolnEeiioa. wi th claim 8, wherein said each of said plurality
of substrate wells further conprises at |east two abutnents and a spring
bal |l | oaded ball plunger. 10. A nethod for spotting a plurality of spots of

i pol a8 A RRER Po Al ot APY P URELEARE tfoth Ruld ebieles on 1

mani pul a oup con e y having a

pluralit )d/plﬁlfali%PQF bioldgidal BbstrRe s IPRkrateddd Phd afPRARS QOO%en@ﬁil? Qoffprig&t dvel y
retracted and ‘ext ended i ndependently, a second ‘mani pul ator coupled to an

optical deamidst fonduppodting e sanéty faiochporédto duchoaspan atraygtableel 25 te paray plate
engagi ng said first configurable s ottin? pin assenbly; b. dipping said

pl ural i t y2%fa wasbingi merdyle, asfinst menipulatarr Kt fasneipléing tobpk eosfigirabilegpqiting i endl y
into an array, plate; c. posjtioning sajiq first configurable, spott.i I n
assenbl y 3ssemablyds; ¢ segond panipy ,ordg CQBE]FS fhgn %‘i“if?gf’ﬂg%é < ihird patipilgte by

| oweri ng Fd plurality . .of spettin i n$..t O contact sai i,ol ogi cal .

subst r at e hiop sBblikgo g Ropibie A BrBBPE BRfRoRE sridiety Tt Sahedn on
sai d bi ol ggi : ’ ' | ' lity of spots of

bi ol ogi cat?g?fd g‘?lggg%%{egasﬁoanﬁggﬁsgorbf?g ogﬁ:l%a Q}éiéj@ggip gﬂ[ake{{réll. The nmethod in
accordance to claim 10 wherein said step e. further conprises:

[0031] Referring to FIG.1 and FIG.2A, the configurable spotting pin assembly (hereafter
referred to as CSPA) 14 has a plurality of spotting pins 40 for spotting or depositing spots
of biological fluid samples in microarrays on the biological substrates. The plurality of
spotting pins are each advantageously capable of being selectively retracted and extended
individually and independently for re-spotting of missed spots at any point in time during
the spotting process. The extending and the retracting individually and independently of
each of the spotting pins 40 are pneumatically actuated via a plurality of vacuum nipples
42 each coupled to an individual spotting pin 40 respectively. The vacuum is created by
means of a plurality of vacuum generating devices each capable of selectively activated and
de-activated individually and independently. Alternatively, this vacuum source can be a

vacuum pump coupled to a vacuum reservoir acting as central storage.

[0032] The first manipulator 16 is typically a 3-axis robotic arm and is able to manipulate
and convey the CSPA 14 to access a full range of locations on and in proximity of the stand
24. The first manipulator 16 is adapted to couple to the CSPA 14 by means of a quick
change device. This quick change device advantageously allows the first manipulator 16 to

rapidly disengage an already coupled CSPA 14 that may be soiled and then to subsequently



I . positioning said optical device to said |location of said plurality of

spots of biological fluid sanples; 23 ii. scanning and acquiring inage
data of said spots of biological fluid sanples on said biol ogical

substrate; iii. sending said imge data to said processor; and iv.

anal yzing said i mage data. 12. The metH&d in accordance to claim 1l wherein
said step iv. further conprises: i. defining region of interest; ii.

di fferent ér@h%@&lcﬁl@ér@n@@l@&&d(ﬂsﬂ 04 OTh& Atst frlabiipdlator TP Ings furtBen lae kadigomd of
said spots of biological fluid sanples; iii. determ ning spot

char act er degrdes of fizedran  ipoorpactadatessonmer itheudraxis achstierarman ch multieadiarabotici v.

conparing spot characteristics with a predeterm ned set of specifications;
v. sendi "M software narker of said spot which fails said predeterm ned

set of specifications to said processor; and vi. recording said software

marker. 13. The nethod in accordance to claim12 wherein said software

oo o spot PPSHIC P arRCAkc O ShicdRl RofBRkes MBI OB EBUBIEH 11 WETS
to clai m3idrdlity b Dol P Hhufd Mnﬂl&@fo?tcﬁ{@piné-anﬂ%ﬁiﬁﬁﬁﬁé BY RN muRGAS isgdr}ﬁng«her e

desired spots of biological fluid sanpl'es on said biological substraté that
do not negihs af the €5Per4n Tiechreyeptaté R2 &tdommercially available in several configurations

such as a 384 well array plate.

[0034] The array table 12 is for securely supporting a plurality of biological substrates and
allowing the first manipulator 16 to accurately and reliably perform the spotting of
biological fluid samples on the securely supported biological substrates. The array table 12
comprises of a flat platform having multiple substrate wells 13, each substrate well 13 for
securing a single biological substrate. Each substrate well 13 has at least two abutments 45
for placement and support of a biological substrate. Further, a spring loaded ball plunger
47 adds to the secure placement and support of the biological substrate. The spring loaded
ball plunger 47 further comprises a ball bearing 50 and a compression spring 49. Placement
of a biological substrate into a substrate well 13 involves seating at least two edges of the
biological substrate onto the at least two abutments 45. At the same time, the biological
substrate pushes against the ball bearing 50 of the spring loaded ball plunger 47 thus
tensioning the compression spring 49 and this tensioned compression spring 49 acts to

secure the biological substrate within the substrate well 13.

[0035] The array table 12 is typically situated in proximity from the array plate 22. This
is to ensure that the first manipulator only needs to convey the CSPA 14 for a short
distance from dipping the CSPA 14 into the array plate 22 and then spotting the biological

fluid samples onto the biological substrates on the array table 12.



15. The method in accordance to claim 14 wherein step f further conprises:
t. receiving said software marker for said spot requiring e-spotting; ii.
extendi ng sel ectively independently said at |east one spotting pin; iii.
di pping said at | east one extended spotting pin into array plate; iv.
positioning said configurable spotting Hin assenbly to said |ocation; and
24 v. re-spotting said biological substrate by |lowering said at | east one

ext ended [ipgé]t RBErRigNtot PIG @ UndCRIGSEB Cthbi el ﬁlﬁhifﬁl&ﬂﬁtIVSGiSQyﬁkaﬁﬁ!dj_Z-axis

| ocation; 16. The nmethod in accordance to claim 14 further conprising the
step: g. fobotiberm piidisiablertg neaniymtae andambey treadvupled pupticalndpviee 120as secdsk y and
a washing nodul e conprising: a third mani pul ator having an end effector
adapt ed f 61l reegesifilegptions emithe arosy tablgri@bwhers plan biolegicpl subatsatesrteysuppotied. di ng
station, ultrasonic cl eaner, a water bat nd, a vagcuum dryer 17.. The
method | n G BERHRAIE 2 s GIAvali e TP tHaie W nglphgngéaggp . aﬂ?Wﬁ;@&svzgr mi ng
a washi ng_cycl e. ald first .confi I ti i |y
Taf RN a5 of e HlGAR AP AR B P Bl By IR TE TR0

soi | ed; a con spottin n assenb

step h. i gcshd |r{1ar{?ﬁﬁl%r PRy o 'B'Efdsi%'adst}ateg’i&(l’l?gﬁﬁdwneﬁﬂlelﬁ% Rrhf @bl i Sai d

second configurable spotting pin assenbly The nethod 1 h accordance to
claim 17 whentigeoBBi gtcsdsabe full faugd GRlocattume of Sesarrdy. tablealts batticulagy sl thef i r st
configurable spotting pin assenbly to said holding station by said first
mani pul at biojogidal substretes.i hlge eptical deviast20cisnypigaltyablGCI3 pameraragd phay eosemisbl y t o
said ultrasonic cleaner; iii._cleaning said first configurable spotting pin
assenbl y; more than a single camera. Two CCD cameras mounted in tandem can be used as the
optical device 20 to simultaneously scan eight deposited biological spots on the biological

substrate at any point in time instantaneously.

[0037] Referring to FIG.1, the washing module comprising a third manipulator 30, a
holding station 34, an ultrasonic cleaner 35, a water bath 36 and a vacuum dryer 37, is for
washing of a soiled CSPA 14 after performing a predetermined number of spottings on the
biological substrates. The third manipulator 30 is typically a 2-axis robotic arm and is
adapted to couple to the CSPA 14 via an end effector 32. The holding station 34 has at
least two compartments, each for holding a single CSPA 14. During normal operation,
there would be at least two CSPAs 14 in use by the apparatus 10. The first of the CSPAs
14 would be coupled to the first manipulator 16 for spotting biological fluid samples onto
the biological substrates. The other CSPA 14 which if soiled would be undergoing cleaning
in the washing module while the first manipulator 16 coupled to the first CSPA 14 is
concurrently spotting the biological fluid samples onto the biological substrates. If the
other CSPA 14 had already been washed, it would then be placed in one of the at least two
compartments in the holding station 34 awaiting later use when the first CSPA 14 becomes

soiled and requires washing.

[0038] While undergoing washing, the soiled CSPA 14 is conveyed from the holding station

34, to the ultrasonic cleaner 35, to the water bath 36 and then to the vacuum dryer 37 by



Iv. imrersing said first configurable spotting pin assenbly into said water
bath; v. drying said first configurable spotting pin assenbly in said
vacuum dryer; and vi. transferring said first configurable spotting pin
assenbly to said holding station. i 25 19. A nethod for spotting a
plurality of spots of biological fluidIdanples in a nicroarray on a

bi ol ogi cal substrates using a first mani pulator coupled to a first

pre-cl eangd tRAThaHipator 360 OWhedm vaphifig 46 Sefpleted) alié nBird maripulatot B0othen
spotting pins, a second mani pul ator coupled to an optical device, a washing
nmodul e hadépositsathe scibeddCHR 4 14 heardeined bdakgotoabieof $hpatomipagments o sleehdidipg and a
processor, said nethod conprising the steps: a. t@ng%?i ng.said first

pr e- cl eandetiatoddi dhe amsking seadulerrgivantageeyst abipys t ppniRylalen tp ponioge i ¢y
ol ate. o WibSpoRisRiarahe Hiolriahrlfnis ats Hs Prrdeded TRAL l piternd Wa] Y
P oeat | om d.. o oL . | . o d o
of apot v HanipTAR 20 B RS th AL BBl D' Bltf PUPACHPLS: Meaith  TRATR, | Y

of spots @frepbelz0@ 1Al 105 dliedo SRIRIEPr AR sSAACHPRI13b 6alvaShtlast rate; e.
perform ng a washing cycle on said first pre-cleaned configurable spotting

pi n assenbly now soiled; f. engaging said second pre-cleaned configurable
spotting pin assenbly while step e. is still being perforned and g.
r epeat i nglog3¥pBefbrring td FiGi4 theamgthod c4M9dfos rmaicedamrayingl bidegigal lﬂuabsaénxgpmni ng
pi n asse The met hod i.n accordance to claim 19 wherejn said

odul o { UPPRBIACHRBRTEDan SRR Wi (BOIPAESR FAGIGY aH G neb pEciar of o
2Pt o0 GegBRUPATHe b Ay ESEN AP RRIM ABRrP PoP RSkt il 0
The CSPA 14 is then conveyed by the first manipulator 16 to the array plate 22. The
multiple spotting pins 40 of the CSPA are then dipped 415 into the array plate 22. The
CSPA 14 is then conveyed to the array table 12 and then positioned 420 in a desired

location for the microarraying of the biological substrates.

[0040] When referencing locations on a flat plane as in the present case, two parameters of
2 reference axes are normally required. As such, the two parameters defining a location are
each from a different axis and the intersection of the two axes is normally considered a base
reference. In the present invention, the apparatus and method advantageously utilizes at
least two adjacent edges of the biological substrates as the reference axes and the
intersection of the at least two adjacent edges as the base reference for defining a location

on the biological substrates.

[0041] Present microarraying systems have their reference axes and base references pre-
programmed into the processors and controllers when the biological substrates are pre-
arranged edge-to-edge and secured by magnetic strips unto a platform.  This
disadvantageously causes errors as the dimensional variances of the biological substrates
may vary according to the quality control of different manufacturers. Such inherent

dimensional errors will cause the spotting of the biological fluid samples to be spotted in



a vacuumdryer. 21. The nmethod in accordance to claim 20 wherein said step
e. further conprises: i. transferring said first pre-cleaned configurable
spotting pin assenbly to said holding station by said first mani pul ator;
ii. conveying said first pre-cleaned configurable spotting pin assenbly to
Said ultrasonic cl eaner; 26 iii. cleaking said first pre-cleaned
configurable spotting pin assenbly; iv. imersing said first pre-cleaned
confi gur afless GRGE tthd) BioRkigitaRSERMRleY dré&hbt PRjsehtV@idemaP Fahthervresult H Bigbts aifd
first pre-cleaned configurable spotting pin assenbly in said vacuum dryer;
and vi . t bialogicelr flaidgampled nidansfor prgaridwanisdlogionf suhstratblte tepdepbsitegl pn an
assenbly to said _holding station. 22. A nethod for spotting a plurality of
spots of #ieeayibiclegical ufubsisatapl ebheoprasensi anvsgtien | thuy hadvaniegeayslyn gbyiatesr st
mani pul at or , coup o.a.firs bl e .spotting nodul.e havin

| ed . fi |
For Spot t PG HBmbRIcwiEH cRb vy o, bgsUL e el ohod Benm it ey Bar 7 ays
i d bj ' t i : \ ' - -
or re- depislirites e AKACHER e Bt MY HosiE Sty MBpenlGi ot 19

bi ol ogi cajeightging Blofogichl SRRMAEs. MaNi pul at or coupl ed to an optical device and
a processor, said nmethod conprising the steps: a. engaging said first

configurable spotting nodule; b. loading said first configurable spotting
modul e with said biological fluid sanples; c. positioning said first

conf i gur a¥0é2]sPext; thegstem aiispotiing 428 ¢ks bieldgicalcsubsioates ds p@%mmddy &ywering
depositing sajd biological suybstrate usjing said first confjgurahl.e spotting
modul e; ale é.éPzi‘xnlép%ﬁifﬁa raulfipleiPQHng; PPS 610 4Rt IR LOBAg) wgﬁé&: q%lfﬁagl

sanpl es OQub%f’i"allt(ejs. b'h?lls 22L& fn asrlﬂgl%liers%to? of biological fluid sample being deposited by each

of the multiple spotting pins 40 onto the biological substrate. Upon completion of the step
of spotting 425 the biological substrates, the inspecting 430 of the biological substrates is
then performed. If re-spotting of the biological substrates is required 435, the step of re-

spotting 470 the biological substrates is then performed.

[0043] Re-spotting 470 maybe required when the inspecting 430 of the biological
substrates determines that there are desired spots of biological fluid sample on the
biological substrates that do not meet a predetermined specification. If re-spotting is not
required 435, the process continues to determine whether all spotting 425 of biological
substrates have been completed 440. Next, if the number of re-dippings 445 of the
multiple pins of the CSPA 14 into the array table 12 has occurred a predetermined number
of times N, then N is reset 460 to zero and the washing cycle 465 of the CSPA 14 engaged

by the first manipulator 16 is performed.

[0044] The method 400 loops back and continues with the first manipulator 16 engaging
410 a pre-cleaned CSPA 14 and continues from there. If the re-dippings 415 of the CSPA
14 had not occurred N times 445, and if the number of spottings 425 by the engaged CSPA
14 had occurred a predetermined number of times n 450, then n is reset 455 to zero and the

CSPA 14 is conveyed to the array tray 22 and re-dipped 415. If the number of spottings



23. The nethod in accordance to claim22 further conprising the step: f.
Fe-spotting or re-depositing on |ocations where desired spots of biological
fluid sanpl es on said biological substrate that do not neet a predeterm ned
speci fication; 27 24. The method in accordance to claim 23 further
conprising the step: g. further providildg a second configurabl e spotting
nodul e and a washi ng nodul e conprising: a third mani pul at or having an end
ef fect or gEbapt @ ch@iges CBPAI 14thal o8 8écilrre® A ftingd 1430 kieent ROk thdg 400 dedps, bask

hol ding station, a ultrasonic cleaner, a water bath and a vacuumdryer. 25.
The et hoghd contiswarvddnibe pbsitichiag ARQ@ 4f thaGSPe 14 tomplid waxh gpdttigg 425 pWhen all
perform ng a washing cycle on said first configurable spotting nodul e now
soi | ed; ithespeftiggsdeSsandaespeibings 4 Ghef glithghielogien subsirgtasodane atgrgompleledp h.
is still i erfornmed and j. repeating steps b to d with said second
conf i gura‘g e%@?&‘?‘?@%l e. 26. A nethod for spotting a plurality of
spots of biological fluid sanples in a mcroarray on a biol ogi cal
substrates using a first nmanipul ator coupled to a first pre-cleaned

conf i gur af3bgs) SREHEVERY i B b Gerlt aMANEndBRMEe bRMloghdP shibdMatedr isIRRESIekdbY 0p POL S
of biological fluid sanples in mcroarrays on said biological substrate and
havi ng medantagédressttingcin wehtomeliapet toi Ay qredeterthineds spdcifipationl \dudnglthspot s
of biological fluid sanples onto said biological substrate, a washin

modul e haspottingaproeesserd thy processanadll ewamaticallalricivaip ottyipass plutingsgdetbmill and a
processor, said thod copprising . the steps: a. engagi.ng said first .

pre- cl ean@gris mqngm alap\@u@gm 1§ togskim dhat gatigulay éaﬁpﬁ\geg@algawﬁi subgtrate. This
configurable spotting dul e .with sai.d.hi o] fluigd s eSH. G, .

osi t on WHF BEREH AT ER, o “LbSeBRi bRl TR ool ofic ARSI idouica

spotting bsﬁ@c@%@feio?gelﬁxﬂ&?iggi RIAY fRE TURBHEGIR HRkNBdSHedwhith&! of the

configurable spotting noo
unspotted biological fluids.

[0046] Referring to FIG.5, the washing cycle 465 for the CSPA starts with the step of
transferring 510 the CSPA 14 desired for washing to the holding station and depositing the
CSPA 14 into one of the at least two compartments of the holding station 34. Next, the
third manipulator 30 engages 515 the CSPA 14 desired for washing and conveys the CSPA
14 to the ultrasonic station 35 for cleaning 520. The third manipulator 30 then conveys the
cleaned CSPA 14 to the water bath and immerses 525 the CSPA into the water bath 36.
Next, the drying 530 of the CSPA 14 is performed in the vacuum dryer 37 after being
conveyed to the vacuum dryer by the third manipulator 30. The third manipulator 30 then
transfers 535 the now cleaned and dried CSPA 14 back to any one of the two

compartments of the holding station 34.

[0047] Referring to FIG.6, the steps of inspecting 430 the biological substrates starts with
the positioning 610 of the optical device by the second manipulator. The microarray of
deposited spots of biological fluid samples on the biological substrate are then scanned 615
by the optical device 20 to acquire the image data of the spots of the deposited biological

fluid samples. The image data is then sent 620 to the processor and the image data is



e. perform ng a washing cycle on said first pre-cleaned configurable
spotting nodul e now soil ed; 28 f. engaging said second pre-cleaned
configurable spotting nodule while step e. is still being performed and g.
repeating steps b to d with said second pre-cleaned configurable spotting
fodul e. 27. The method in accordance td3cl ai m 26 wherein sai d washing
nmodul e further conprises: a third manipul ator having an end effector

adapt ed fialyzed B25 Ndhe GpSivaldiev B 200y 1yt £lySPOUD bamérRdnd eayacoltPride Mgore
station, a ultrasonic cleaner, a water bath and a vacuumdryer. 28. The
met hod i nthac ecingkncma Tivai GCR7candessenounsad th sndgm ean fbarushéms donpplicds: i .
transferring said first pre-cleaned conf_igurabl e spotti n? nodul e to said

, &,

hol di ng stetqed tpyimuliancoysly scapenight depaséied biglogicab Avidysamplesandthe jhidegical
pre-cl eaned configurabl.e spottin dule,tq, said ultrasonic cleaner; iii.
El eani ng SIFGEF 4 A piBt, TE dimcy MTATERbb S pise oo HBBF R, P e i ng
said firs - Cl ' ofd {.: d | ' el -hat h;
AU 1t S SERE BROMBISRL St LARGRATHLS, e Il
vacuum dr y@ktraté troby reducpsthe thdge HabPhuisitiont tirké 8y F0eaRE oripiéd AR &
spotting nodule to Said holding station. 29. An apparatus for depositing a
pl ural it ysindle €00 canfa.bi ol ogi cal fluid sanples on a plurality of biological
substrates, said apparatus conpri sing:

[0048] Referring to FIG.7, the steps of analyzing the image data 625 by the processor

starts with the step of defining 710 the region of interest. In the present invention, the

optical device 20 scans the spots of biological fluid samples on the biological substrates.

The region of interest would primarily be the image of the deposited spot of biological fluid

sample. Next, differentiating 715 the deposited spot of biological fluid sample from its

immediate background. This would involve known image processing techniques especially

histogram calculation to determine the grey scale levels involved, Gaussian filtering to

smoothen the histogram and certain known algorithms to distinguish the deposited spot of

biological fluid samples from its background. The step of determining 720 the

characteristics of the deposited spot of biological fluid sample is then performed.

[0049] The spot characteristics being: area, compactness, maximum diameter and
circularity. The spot characteristic of area refers to the actual area occupied by the spot of
biological fluid sample on the biological substrate. Using the maximum diameter of the
spot, the apparent area of the spot is computed. By dividing the actual area of the spot of
biological fluid sample by this apparent area of the spot, an index of compactness is then
derived. This index of compactness is also referred to as the index of irregularity as the
index compares the actual area of the spot of biological fluid sample with respect to that of
the apparent area had the entire area been covered by the biological fluid. The characteristic
of circularity is simply an index that indicates the degree of conformity the spot of

biological fluid sample has as compared to an actual perfect circle.



an array table for supporting and securing said plurality of biological
substrates; at |least two configurable spotting nodul es each having spotting
or depositing neans for spotting or depositing said plurality of spots of
bi ol ogi cal fluid sanples on said plurality of biological substrates; 29
Said at least two configurable spotting@odul es further having spotting or
deposi ti ng neans bei ng capable of selectively re-spotting or re-depositing
i ndi vi dual spots of biological fluid sanples onto said biological
substrates; a first mani pulator having a quick change device adapted for
coupl i ng [oosein€hefspsnicHarattetigrs tard Weenc corhpayed dt30e withos tdongprehedsive sseared f or
positioning said one of said at |east two confiqurable spotting npdules to
deposit shiedetptmingd j sppciditatiqottbatofdetstming gtheal requitgmentsarpf| dke odesised dgspot

I it f biol.ogical bstrates:;. d L pul at dapt ed. f
Coupl i ng’ EGRaEET ol e OF erRBEIA iy St PESFRERPAabreLacigps.
i FFcariahy e o i f
b1 of 0gi caf P ek talen PRI EHE RpiiBF O R o e B alt whers

processor (Rapbiid oNBRtle SRAThatalleribsREF For tha faléD§RS Thdqifrime-pofinen 0 iFage
data fromsaid optical device and for controlling said first manipul ator
sai d secosght IT80itpUhapercessod featdsmitinged?@ ahdwhe softwaytrmirker mpatied mythen
modul es; wherein said processor upon receiving said inmage data from said
optical desgprsled pHfcedfstes spodl ramctssisties do inehdeil J36 athe oipeeificationsnthenodat i ons
of desired spots of biaqlogical fluid sanples which do not neet a

pr edet er nFofB¥Rre pragkericHmp reeerdedh/4-vi ol ogi cal substrates; and further
wherein said processor further controls said first manipulator to position

[0051] Referring to FIG.8, the re-spotting 470 of the biological substrates starts with the
step of the processor receiving 810 the software markers for the spots that require re-
spotting. Next selectively extending 815 the required spotting pin or a plurality of spotting
pins for re-spotting in accordance with the software marker. The extended plurality of
spotting pins are then dipped 820 into the desired wells of the array plate 22. Next the
CSPA 14 are positioned 825 in a desired location for re-spotting of at least one desired
spot which does not meet the predetermined specifications. The CSPA 14 is then lowered
by the first manipulator 16 onto the biological substrate and the biological fluid sample re-
deposited or re-spotted 830. The respective extended spotting pin or a plurality of
spotting pins 40 are then retracted 835. If there are more re-spotting required 840, the
spotting pins 40 are selectively and individually extended again, else the re-spotting 470 of

the biological substrates ends 845.

[0052] For allowing easy access to control and maintain the apparatus 10, the apparatus 10
can further be provided with a Graphical User Interface (GUI) system. Such a GUI
system would comprise some displaying means and input means. Alternatively, the input
means could be incorporated into the displaying means an example of which is a touch
screen Liquid Crystal Display (LCD). The displaying means would provide data such as

the operational status of the apparatus 10, recorded data of scanned images of the spots of



said one of said at | east two configurable spotting nodules to said
tocations of said desired spots of biological fluid sanples which do not
neet sai d predeterm ned specifications and selectively carry out
re-spotting or re-depositing of said ders{]l red spots of biological fluid
sanpl es which do not neet said predet erlfi ned speci fications.
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10g. G'10%&' ()- ni'10%& ()-$t10%& ()- 10@10@

10@BY" 100/@1&( ‘)vithlﬂiqsl@@if(e)lg@i'qg 810 aprerylpancd Canfigarable SpomblghMﬁdu_le%JSM)

h& ()-2"10% h& ().-3Z7"10% h& (1% s10% h& (t)t'_ S910%. h& g
10gy+z+| +Lhe f A g loaded 915 with the spotting material w ich is the biological fluid

samples. The CSM is then conveyed to the array table 12 and then positioned 920 in a

desired location for the microarraying of the biological substrates.

[0055] Next, the step of spotting 925 the biological substrates is performed by lowering
the CSM until the CSM is in range of the biological substrates. The step of spotting 925
the biological substrates is then carried out with the CSM. Following which, the inspecting
930 of the biological substrates is then performed. If re-spotting or depositing of the
biological substrates is required 935, the step of re-spotting or re-depositing 970 the

biological substrates is then performed.
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10@ 93" 10bigigichl- stbstteqaBetéimides that there are desired spots of biological fluid sample on
the biological substrates that do not meet a predetermined specification. If re-spotting or
re-depositing is not required 935, the process continues to determine whether all spotting
or depositing 925 of biological substrates have been completed 940. Next, if the number of
re-loadings 995 of the CSM has occured a predetermined number of times N, then N is

reset 960 to zero and the washing cycle 965 of the CSM engaged by the first manipulator

16 is performed.

[0057] The method 900 loops back and continues with the first manipulator 16 engaging
910 a pre-cleaned CSM and continues from there. If the re-loadings 915 of the CSM had
not occurred N times 995, and if the number of spottings 925 by the engaged CSM had
occurred a predetermined number of times n 950, then n is reset 955 to zero and the CSM
is then re-loaded 915. If the number of spottings or depositings 925 by the engages CSM
had not occurred n times 950 then the method 900 loops back and continues with the
positioning 920 of the CSM for the next spotting or depositing 925. When all the
spottings or depositing 925 and re-spottings or re-depositing 970 of all the biological
substrates if any are completed 940, the method 900 ends.

[0058] The details of performing the washing cycle 965 can be substantially similar to that
of the washing cycle 465 in the preferred embodiment as illustrated in FIG.5. However,
depending on the spotting or depositing means employed in the CSM, the steps in the
washing cycle may well differ. An example of an alternative washing cycle using “Ink Jet
printing” method would involve clearing of nozzles of the CSM using a neutral medium or

using compressed air.

[0059] Furthermore, inspecting of the biological substrates 930 is also substantially similar
to the inspecting 430 of the biological substrates in the preferred embodiment as illustrated

in FIG.6. The re-spotting or re-depositing 970 step of the alternative embodiment is also



10%@% () - @GHA_ACGFI G HI | | dYNC8 10T 10T

10T@4" 109%9&' ()-Z"109%& ()-fZ" 109& () -

@0%& ()-G 10%& ()-11LIT1J5KOJEYNCS St 109a& () - nSF" 109%7& () -°

1099& () - F"1099& ()-3F" 10%&' () - 10%& (1) - OQQQQQTEYYbC873" 10% u&' () - Y" 10% u&
“()-:3Y"10% u& ()-10% u& ()- 10T 10T 19

10T 03" 10%7& () - YYYYYY[ @ bC8" Y"10%@& ()- Y"10%@&& ()- F"10%@ ()-yl0%a& () -
10-u 10- usubBtant&lB)' didfitari& (he-relspbiving dif7Di dfGhe "gréfefied wRibodiment as illustrated in
F"10% u& ()-3Y"10% u& ()-10% u& ()- 10@ 10@ . _

10@ OF" 10B4&&S8( Howiejv¢i, the) CSMgerdaces g &P A)l 431\ tipomeans for3selerOvals, r¢SSpaing oa &’ (
)- 10-u 10-u . 10-u@3"10% u&' () -, gESFsGsHsKsj uxH| I | bC8

10@@ F" 10%@‘1%531 spotponcie byelagical sylgstrates AlposUiER: ()- 10T 10T

10T@Y" 109a& ()-1|J| K| N ~mbW. 10@

[0060] It will be appreciated that the embodiments described and illustrated do not limit
the scope of the present invention and various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.
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1. An apparatus for depositing a plurality of spots of biological fluid samples on a
plurality of biological substrates, said apparatus comprising:

an array table for supporting and securing said plurality of biological substrates;

at least two configurable spotting pin assemblies each having a plurality of spotting
pins for depositing said plurality of spots of biological fluid samples on said plurality of
biological substrates;

said plurality of spotting pins each capable of being selectively retracted and
extended;

a first manipulator having a quick change device adapted for coupling to one of said
at least two configurable spotting pin assemblies and for positioning said one of said at
least two configurable spotting pin assemblies to deposit said plurality of spots of
biological fluid samples on said plurality of biological substrates;

a second manipulator adapted for coupling to an optical device for positioning said
optical device for scanning and acquiring of image data of said plurality of spots of
biological fluid samples on said plurality of biological substrates;

a processor having memory means for receiving, processing and storing image data
from said optical device and for controlling said first manipulator, said second manipulator

and said at least two configurable spotting pin assemblies;

wherein said processor upon receiving said image data from said optical device
processes and stores said image data for detecting locations of desired spots of biological
fluid samples which do not meet a predetermined specification on said biological

substrates; and

further wherein said processor further controls said first manipulator to position
said one of said at least two configurable spotting pin assemblies to said locations of said

desired spots of biological fluid samples which do not meet said predetermined
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2. The apparatus in accordance with claim 1, further comprising a washing module for
performing a washing cycle on said one of said at least two configurable spotting pin
assemblies, said washing module comprising; a holding station for holding said at least two
configurable spotting pin assemblies; an ultrasonic cleaner, a water bath and a vacuum
dryer; wherein said washing cycle is performed concurrently and independently with said
depositing of said plurality of spots of biological fluid samples on said plurality of

biological substrates

3. The apparatus in accordance with claim 2, further comprising a third manipulator
adapted for conveying said one of said at least two configurable spotting pin assemblies
between said holding station, said ultrasonic cleaner, said water bath and said vacuum dryer

for performing said washing cycle.

4. The apparatus in accordance with claim 3, wherein said third manipulator further
comprises an end effector adapted for coupling to said one of said at least two configurable

spotting pin assemblies

5. The apparatus in accordance with claim 1, further comprising an array plate
adapted for holding and securing said biological fluid samples and for dipping of said
plurality of spotting pins before said depositing of said plurality of spots of biological fluid

samples on said plurality of biological substrates.

6. The apparatus in accordance with claim 1, further comprising a displaying means

coupled to said processor for Graphical User Interface (GUI).
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7. The apparatus in accordance with claim 1, wherein said optical device further

comprises at least one CCD camera.

8. The apparatus in accordance with claim 1, wherein said array table further

comprises a plurality of substrate wells.

9. The apparatus in accordance with claim 8, wherein said each of said plurality of
substrate wells further comprises at least two abutments and a spring ball loaded ball

plunger.

10. A method for spotting a plurality of spots of biological fluid samples on a biological
substrate using a first manipulator coupled to a first configurable spotting pin assembly
having a plurality of spotting pins, each spotting pin capable of being selectively retracted
and extended independently, a second manipulator coupled to an optical device and a
processor, said method comprising the steps:

a. engaging said first configurable spotting pin assembly;

b. dipping said plurality of spotting pins of said first configurable spotting pin
assembly into an array plate;

c. positioning said first configurable spotting pin assembly in a desired
location;

d. spotting said biological substrate by lowering said plurality of spotting pins
to contact said biological substrate depositing a plurality of spots of
biological fluid samples on said biological substrate; and

e. inspecting said plurality of spots of biological fluid samples on said

biological substrate.

11.  The method in accordance to claim 10 wherein said step e. further comprises:
i. positioning said optical device to said location of said plurality of spots of

biological fluid samples;
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ii. scanning and acquiring image data of said spots of biological fluid samples

on said biological substrate;
ili. sending said image data to said processor; and

iv. analyzing said image data.

12.  The method in accordance to claim 11 wherein said step iv. further comprises:

i. defining region of interest;

ii. differentiating said spots of biological fluid samples from background of said
spots of biological fluid samples;

iii. determining spot characteristics: area, compactness, maximum diameter, and
circularity

iv. comparing spot characteristics with a predetermined set of specifications;

v. sending a software marker of said spot which fails said predetermined set of
specifications to said processor; and

vi. recording said software marker.

13.  The method in accordance to claim 12 wherein said software marker comprises:
location of said spot, said biological substrate where said spot is on and said spot

characteristics.

14.  The method in accordance to claim 10 further comprising the step:
f. re-spotting on locations where desired spots of biological fluid samples on

said biological substrate that do not meet a predetermined specification;

15.  The method in accordance to claim 14 wherein step f further comprises:
i. receiving said software marker for said spot requiring e-spotting;
ii. extending selectively independently said at least one spotting pin;
ili. dipping said at least one extended spotting pin into array plate;

iv. positioning said configurable spotting pin assembly to said location; and
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v. re-spotting said biological substrate by lowering said at least one extended

spotting pin to contact said biological substrate at said location;

16.  The method in accordance to claim 14 further comprising the step:
g. further providing a second configurable spotting pin assembly and a washing
module comprising: a third manipulator having an end effector adapted for
coupling to said configurable spotting pin assembly, a holding station, a

ultrasonic cleaner, a water bath and a vacuum dryer.

17.  The method in accordance to claim 16 further comprising the step:
h. performing a washing cycle on said first configurable spotting pin assembly
now soiled;
i. engaging said second configurable spotting pin assembly while step h. is still
being performed and

j- repeating steps b to d with said second configurable spotting pin assembly.

18.  The method in accordance to claim 17 wherein said step h. further comprises:

i. transferring said first configurable spotting pin assembly to said holding
station by said first manipulator;

ii. conveying said first configurable spotting pin assembly to said ultrasonic
cleaner;

iil. cleaning said first configurable spotting pin assembly;

iv. immersing said first configurable spotting pin assembly into said water bath;

v. drying said first configurable spotting pin assembly in said vacuum dryer;
and

vi. transferring said first configurable spotting pin assembly to said holding

station.
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19. A method for spotting a plurality of spots of biological fluid samples in a
microarray on a biological substrates using a first manipulator coupled to a first pre-cleaned
configurable spotting pin assembly having a plurality of spotting pins, a second
manipulator coupled to an optical device, a washing module having a second pre-cleaned
configurable spotting pin assembly and a processor, said method comprising the steps:

a. engaging said first pre-cleaned configurable spotting pin assembly;

b. dipping said plurality of spotting pins of said configurable spotting pin
assembly into an array plate;

c. positioning said configurable spotting pin assembly in a desired location;

d. spotting said biological substrate by lowering said plurality of spotting pins
to contact said biological substrate leaving a plurality of spots of biological
fluid samples on said biological substrate;

e. performing a washing cycle on said first pre-cleaned configurable spotting
pin assembly now soiled;

f. engaging said second pre-cleaned configurable spotting pin assembly while
step e. is still being performed and

g. repeating steps b to d with said second pre-cleaned configurable spotting

pin assembly.

20.  The method in accordance to claim 19 wherein said washing module further
comprises: a third manipulator having an end effector adapted for coupling to said
configurable spotting pin assembly, a holding station, a ultrasonic cleaner, a water bath and

a vacuum dryer.

21.  The method in accordance to claim 20 wherein said step e. further comprises:
i. transferring said first pre-cleaned configurable spotting pin assembly to said
holding station by said first manipulator;
il. conveying said first pre-cleaned configurable spotting pin assembly to said

ultrasonic cleaner;
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iii. cleaning said first pre-cleaned configurable spotting pin assembly;

iv. immersing said first pre-cleaned configurable spotting pin assembly into said
water bath;

v. drying said first pre-cleaned configurable spotting pin assembly in said
vacuum dryer; and

vi. transferring said first pre-cleaned configurable spotting pin assembly to said

holding station.

22. A method for spotting a plurality of spots of biological fluid samples on a biological
substrate using a first manipulator coupled to a first configurable spotting module having
means for spotting or depositing spots of biological fluid samples in microarrays on said
biological substrate and having means for selectively re-spotting or re-depositing individual
spots of biological fluid samples onto said biological substrate, a second manipulator
coupled to an optical device and a processor, said method comprising the steps:
a. engaging said first configurable spotting module;
b. loading said first configurable spotting module with said biological fluid
samples;
c. positioning said first configurable spotting module in a desired location;
d. spotting or depositing said biological substrate using said first configurable
spotting module; and
e. inspecting said plurality of spots of biological fluid samples on said

biological substrate.

23.  The method in accordance to claim 22 further comprising the step:
f. re-spotting or re-depositing on locations where desired spots of biological
fluid samples on said biological substrate that do not meet a predetermined

specification;
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24.  The method in accordance to claim 23 further comprising the step:

£

further providing a second configurable spotting module and a washing
module comprising: a third manipulator having an end effector adapted for
coupling to said configurable spotting module, a holding station, a ultrasonic

cleaner, a water bath and a vacuum dryer.

25.  The method in accordance to claim 24 further comprising the step:

h. performing a washing cycle on said first configurable spotting module now
soiled;

i. engaging said second configurable spotting module while step h. is still being
performed and

j. repeating steps b to d with said second configurable spotting module.

26. A method for spotting a plurality of spots of biological fluid samples in a

microarray on a biological substrates using a first manipulator coupled to a first pre-cleaned

configurable spotting module having means for spotting or depositing spots of biological

fluid samples in microarrays on said biological substrate and having means for selectively

re-spotting or re-depositing individual spots of biological fluid samples onto said biological

substrate, a washing module having a second pre-cleaned configurable spotting pin

assembly and a processor, said method comprising the steps:

a. engaging said first pre-cleaned configurable spotting module;

b. loading said first configurable spotting module with said biological fluid
samples;

c. positioning said configurable spotting module in a desired location;

d. spotting or depositing said biological substrate using said first configurable
spotting module;

e. performing a washing cycle on said first pre-cleaned configurable spotting

module now soiled;
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27.  The method in accordance to claim 26 wherein said washing module further
comprises: a third manipulator having an end effector adapted for coupling to said
configurable spotting module, a holding station, a ultrasonic cleaner, a water bath and a

vacuum dryer.

28.  The method in accordance to claim 27 wherein said step e. further comprises:

i. transferring said first pre-cleaned configurable spotting module to said
holding station by said first manipulator;

ii. conveying said first pre-cleaned configurable spotting module to said
ultrasonic cleaner;

ili. cleaning said first pre-cleaned configurable spotting module;

iv. immersing said first pre-cleaned configurable spotting module into said
water bath;

v. drying said first pre-cleaned configurable spotting module in said vacuum
dryer; and

vi. transferring said first pre-cleaned configurable spotting module to said

holding station.

29.  An apparatus for depositing a plurality of spots of biological fluid samples on a
plurality of biological substrates, said apparatus comprising:

an array table for supporting and securing said plurality of biological substrates;

at least two configurable spotting modules each having spotting or depositing means
for spotting or depositing said plurality of spots of biological fluid samples on said

plurality of biological substrates;



29

said at least two configurable spotting modules further having spotting or
depositing means being capable of selectively re-spotting or re-depositing individual spots
of biological fluid samples onto said biological substrates;

a first manipulator having a quick change device adapted for coupling to one of said
at least two configurable spotting modules and for positioning said one of said at least two
configurable spotting modules to deposit said plurality of spots of biological fluid samples
on said plurality of biological substrates;

a second manipulator adapted for coupling to an optical device for positioning said
optical device for scanning and acquiring of image data of said plurality of spots of
biological fluid samples on said plurality of biological substrates;

a processor having memory means for receiving, processing and storing image data
from said optical device and for controlling said first manipulator, said second manipulator
and said at least two configurable spotting modules;

wherein said processor upon receiving said image data from said optical device
processes and stores said image data for detecting locations of desired spots of biological
fluid samples which do not meet a predetermined specification on said biological
substrates; and

further wherein said processor further controls said first manipulator to position
said one of said at least two configurable spotting modules to said locations of said desired
spots of biological fluid samples which do not meet said predetermined specifications and
selectively carry out re-spotting or re-depositing of said desired spots of biological fluid

samples which do not meet said predetermined specifications.



