- 3 DEC 2005 1 A METHOD AND APPARATUS FOR M CROARRAYI NG OF BI OLOG CAL
FLU DS SAMPLES ON BI OLOd CAL SUBSTRATES Field of the Invention [001] The
present invention generally relates to the field of depositing m'_cg %@f?@gs
of biological fluid sanples on biological substrates. In particular,
invention relates to a method and appdratus for inproved throughput and
qual ity of depositing biological fluid sanples in a mcroarray on
bi ol ogi cal substrates. Background of the Invention [002] Wth increase

research and deMEGHOD ANDABPARATES FERMECRD ARR 21Ny U8

t echnol ogy _have al so escal ated significantly. croarraying or the

repl i cat i oBIOLOGICYeh AL UHDSHS AMBLES GNBIDEOGICAT S‘UBWT%ATI?S oarrays

on biol ogical substrates for gene expression verification and validation
has | ong been in use in the fields of life sciences. The biological fluid
sanples are often nmere spots nmeasuring |less than 100 m crons across and 150
mcrons to 200 mcrons fromeach other. The quality of these spots as well
as the speed and throughput of the production of the mcroarrays are now a
growi ng concern. [003] CbnventiEﬁ%dogﬁgﬂ@mxmom m croarraying involve the
use of robotic systens depositing nmultiple spots of DNA (deoxyri bonucleic

acid) s e i.0l ogi.cal substrate of ich an exanple is a
chemically I g@%a%ég‘gsl&@rtio&egmﬁfﬁ rpsE ite ths dieldhel depppitiag | migrassrays of
mani pul adighSica fi; §zﬂﬂp ' mul £ i pl ottin ins for dipping
into a sém gémtﬂrlggl pi cl% tﬁg%&’g&%ﬁ%g‘gﬂg‘“‘ﬂgﬁ&ﬁ fﬁmﬁaﬁgg‘iﬁp}t@s“’gﬁﬁ{% RS Wet ei n
bef or e deghsd thd@ppR4tus FeL i j é'rﬁjﬁé L i .aQnt.o_the

bi ol ogi cal subst r%rt) es. Ml ti%%édgm&)ﬂg?%gg Vﬁlbgbﬁgéfogﬁ#gémﬁgélgarle l’fl(ille

“bi ol ogi campldsih a ngeroptr@sombioldgababkirateg pi ns are depl eted and the pins

have to re-dip into the sanple tray to pick up nore biological fluid
sanpl es. Such - 3 DEC 2005 2

Background of the Invention

[002] With increase research and development into genomics, demands on microarraying
technology have also escalated significantly. Microarraying or the replication of thousands
of biological ﬂuid.samples in small microarrays on biological substrates for gene expression
verification and validation has long been in use in the fields of life sciences. The bioiogical
fluid samples are often mere spots measuring less than 100 microns across and 150 microns
to 200 microns from each other. The quality of these spots as well as the speed and

throughput of the production of the microarrays are now a growing concern.

[003] Conventional systems of microarraying involve the use of robotic systems
depositing multiple spots of DNA (deoxyribonucleic acid) samples on a biological
substrate of which an example is a chemically coated glass slide. The robotic systems
typically use manipulators with end effectors having multiple spotting pins for dipping
into a sample tray picking up biological fluid samples contained therein before depositing
or spotting the biological fluid samples onto the biological substrates. Multiple spottings
may be performed before the biological fluid samples on the spotting pins are depleted and

the pins have to re-dip into the sample tray to pick up more biological fluid samples. Such



chem cally coated glass slides containing the mcroscopic arrays of
deposited spots conprising DNA sanples are commonly referred to as DNA
chips. [004] Present systens by increasing nunber of spotting Qi?}n@EE%he
end effector have attenpted to increase the production rate of ‘the

chips. Sanple trays having multiple c@mwartnents or wells allow ng a
variety of biological fluid sanples to be deposited at each spotting have
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ones ar ecomfrising DN/ ssn38dareRbnnl Pyerak e ©%5s dl@@%l}xi studi es have also shown
that the throughput and quality of DNA chips are a go af fected by the need

to wash the spotting pins properly at regular intervals with appropriate

specified ti duration. Spotting of DNA chips are usually conducted in

sterile Q4] rgm%ﬁtsysfﬁms Rh inckeasiog ewmben offspotiiogepier on dlon tadrieffadtbohavet i | |
especially before

occurs ath S gtj n gi s need.to be cleaned regul arl ;

the start o g% Qtlpf"%ﬁ eatﬂa production rateof the N4 ﬁblpﬁ-osﬁlﬁpéttaﬁ}’ﬁ hamimgahdtiplei ness
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chip. Insufficient deposition of material on a spot may also Trender

t hat spoweliged 3&&wakharray piatear |y the DNA chip may al so be considered
defective. Defective DNA chips are unusable and usually thrown away.
Cl eaning of the spotting pins in between spotting is thus very inportant
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af f ect echppsorgiutd ispévifiddytimé duration. Spotting of DNA chips are usually conducted in
sterile environments not unlike clean rooms. However, contamination still occurs and
spotting pins need to be cleaned regularly especially before the start of spotting and in

between spotting to maintain the cleanliness of the spotting pins which directly affects

'quality of the DNA chips.

[006] Studies have revealed that in a nominal batch of DNA chips, the rate of defective
production is in the range of 0.5% to 10%. DNA chips are considered defective even if a
single spot out of the desired several thousand spots of DNA material is missed and not
deposited on the DNA chip. Insufficient deposition of DNA material on a spot may also
render that spot useless and similarly the DNA chip may also be considered defective.
Defective DNA chxtps are unusable and usually thrown away. Cleaning of the spotting
pins in between spotting is thus very important and has a direct influence on the quality of
DNA  chips produced. ~Conventional microarray systems dedicate up to 25% of
production time performing washing cycles. However, if too many washing cycles are

implemented, then the actual production time of the DNA chips are also affected

significantly.



- 3 DEC 2005 [007] Detection of defective DNA chips is also an inportant
concern as results of experinents and tests conducted can be severely

i mpai red and conpromised if a few crucial spots of DNA are not spotted
properly on the biol ogical substrates or if the anmobunt of DNA thed IS
insufficient. Presently, inspection of hese DNA chips are carried out
manual | y by experienced | aboratory technicians, researchers and scientists
using mcroscopes inspecting individual DNA chip one at a tinme. The

i nspection net hodol ogy deployed usually involves 100% vi sual checking with
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i nspection is carried out, it would not be possible to re-spot or
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apparatus for the depositing of mcroarrays of biological fluid sanples on
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inventio R#.o.vi des an apparatus for depositing a plurality of spots of

bi ol ogi ¢ PRy Tesepyshers apd seemisthrpgrforyngrtheinspastjor aFurthemeres by dhe timee

appar at usg, .G I-Sl ng...an, array table for s orting the plurality of - 3

DEC 200@?’&%&6@4 cﬁ;gg‘fa‘@?ﬂo%‘%tr ﬁt‘%%“?gaf’t SRePlbgo ae Plg P %?o@@%lﬁ@ééiﬂﬁaalpi n

assenbl i Eiélogﬁﬁlhﬂtlﬂé\éhﬁgleé on a missing spot once the biological substrate has been removed
from the array table.

[008] It can thus be seen that present equipment for producing microarrayed biological
slides or DNA chips in use today do still present several disadvantages in terms of
throughput and quality control. Thus, there remains a need for a new and improved

method and apparatus for microarraying or spotting biological fluid samples on biological

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




plurality of spotting pins for depositing the plurality of spots of

bi ol ogical fluid sanples on the plurality of biological substrates; the
plurality of spotting pins capable of being selectively retragtpedgnd
extended individually and independently; a first mani pulator having a
qui ck change devi ce adapted for couplidg to one of the at |east two
configurable spotting pin assenblies and for positioning the one of the at
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receivin i: fromthe .optical Vi C rocesses the ingge data
for dete toikt% ‘#“gg%tgfngﬁésa%’fd %&8?%%“‘%%@?@“8995’6%&8 i tWQ|COR I%Hrebqg SRYHBE whi ch
do not Blas@niyiRé ] i £ | -9l ogical ubstrates;
and fur'?%eraswherei ﬁiﬁﬁgs%?%cg@g%ﬁ Pﬁ%}[ %&@@R@?@I@h?ﬁ%&?lﬁ? g tﬁ%ﬁﬁlbﬂ%&tor to

posi t i onoftifielogiosl substtdns; &bedopasianipMlatsiObhBY TR RpAROLS b Bpthial lies
to the locations of the desired spots of biological flul dpsarrp es ich do

not meetPasiionpealievptival dedce Specarningaaridonguising tikeineg dyalof texpRIdity lbe
desired spott%gg pin aor a plurality of desired spotting pins independently
to faci PP 8T PlorgirghHuid; samples on Hbe splralityfof Hiiopgigl caubstidtes; b psaeioes on

t hese | ions. [0011] .1 n_anat her. aspect, the present invention provides,
a net hogr&f%%ltg%sle;%?r&i%eén%foﬁl TEgeaYIPg end processwigdmage date figg theloptirdli devisagdies on
a bi ol oGl aonsshss I (Walol I.fs I.pul at or qupl to.a first
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i ndi vidually and pi ng%gendenrtnl y,s a second ﬁégérﬁ%%cﬁﬁﬁog%cou glg to a%ﬁ%pti cal
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first configurable spotting pin assenbly; dipping the plurality of

spot t i ndiYpgigal Sid spepies which shefnagumesb hpredotermined specifieatioandnl te ibidiegical
substrates; and further wherein the processor further controls the first manipulator to
position the one of the at least two configurable spotting pin assemblies to the locations of
the desired spots of biological fluid samples which do not meet the predetermined
specifications and selectively extend the desired spotting pin or a plurality of desired

spotting pins independently to facilitate the deposition of the spots of biological fluid

samples on these locations.

[0011] In another aspect, the present invention provides, 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 individually and
independently, a second manipulator coupled to an optical device and a processor, the
method comprising the steps: engaging the first configurable spotting pin assembly;
dipping the plurality of spotting pins of the first configurable spotting pin assembly into



- 3 DEC 2005 5 an array tray; positioning the first configurable spotting
pin assenbly in a desired |location; spotting the biological substrate by
| owering the plurality of spotting pins to contact the biologic
substrate depositing a plurality of spots of biological quid'é%ﬁ%]@§5on
the biological substrate; and inspectisng the plurality of spots of

bi ol ogi cal fluid sanples on the biological substrate. [0012] In a further
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spottinggﬁin. ssenbly; dipping the plurality of spotting pins of the

confi gur 1@¥§§6W§ﬂﬁ@-pin assenbly into an array tray; positioning the
configurable spotting pin assenbly in a desired |ocation; spotting the

bi ol ogi cal substrate by lowering the plurality of spotting pins to contact
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1nto an array tray; positioning the configurable spotting pin assembly in a desired location;
spotting the biological substrate by lowering the plurality of spotting pins to contact the
biological substrate depositing a plurality of spots of biological fluid samples on the
biological substrate; performing a washing cycle on the first ‘pre-cleaned configurable
spotting pin assembly now soiled; engaging the second pre-cleaned configurable spotting
pin assembly while the steps of performing a washing cycle are still being performed and

repeating the steps of dipping to steps of spotting with the second pre-cleaned

configurable spotting pin assembly.

[0013] In yet another aspect, the present invention provides, 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 the biological substrate and
having means for selectively re-spotting or re-depositing individual spots of biological fluid
samples onto the biological substrate, a second manipﬁlator coupled to an optical device

and a processor, the method comprising the steps: engaging the first configurable spotting



sanpl es onto the biological substrate, a second mani pul ator coupled to an
optical device and a processor, the nmethod conprising the steps: engaging
the first configurable spotting - 3 DEC 2005 6 nodul e; | oadi ng +h&tf st
configurable spotting nodule with the biological fluid sanples;
positioning the first configurable spotting nodule in a desired | ocati on;
spotting the biological substrate using the first configurable spotting

modul e; Qi [ ity .of spots of biqglagi.cal, fluid . sanples
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selectively re-spotting or re-depositing individual spots of biol ogical

fluid sa sp.onto .t he biological substrate, a washing nodul e having a
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spot t i ngﬁlnodfl?f ef;‘g)lof)sg-)g ib?%l@@%ael fﬁ@%?%}é‘%rg%%ﬁemlscﬁ%ﬂa’ ) %18[ﬂggaﬁ§utbﬁtr¥ﬁ ng
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desired | ocati on;p spottlpng or deSo%irti ng thghg%?g%i%ggﬁﬁgu%g?gg?%%gi ng

t he confippthrghbineaspat depogitimgduéans fopepdtafngrion defosi@ebis Qf chiGlogibalt MAdf i r st
pre-cleaned caonfigurable spotting nodule now soiled; engaging the second

pr e- ¢l eaffE¥lesdnMigrerE®Isondho biolagicalrsehsireteshd having spstiep or déposjimgfmeans ng a

washi ng cle are still. being. performed and repeating the steps of dipping
to st ep@{ 8?16‘§B'86' teTgOHRE 9T ?Teg%oé{f@ﬂdn‘g?”é%ll sealsof bickegicay firishiampdgsoante ng

nodul e. O fur . aspe t he present invention ovi des, an
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biological fluid sample; positioning the configurable spotting module in a desired location;

spotting or depositing the biological substrate using the configurable spotting module;
performing a washing cycle on the first pre-cleaned configurable spotting module now
soiled; engaging the second pre-cleaned configurable spotting module while the steps of
performing a washing cycle are still being performed and repeating the steps of dipping to

steps of spotting with the second pre-cleaned configurable spotting module.

[0015] In a yet further 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 and securing the plurality of biological
substrates; at least two configurable spotting modules each having spotting or depositing
means for spotting or depositing the plurality of spots of biological fluid samples on the
plurality of biological substrates; the 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 the biological substrates; a first



means for spotting or depositing the plurality of spots of biological fluid .
sanples on the plurality of biological substrates; the at |east two
configurabl e spotting nodules further having spotting or deposbting nmeans
bei ng capabl e of selectively re-spotting or re- depositing indfvildhadllispot s
of biological fluid sanples onto the bipl ogical substrates; a first - 3 DEC
2005 7 mani pul at or havi ng a qui ck change devi ce adapted for coupling to one
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desired anOtS of biological fluid sanples which do not neet the

pr edet er itk EQMstHe Optical flevisn prasasses ené storasethy imagerdatafir deeetimplocativgs @f
re-depositing of the. desired spots of. biological fluid sanples which do
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bi ol ogi cal fluid sanples on
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 ogi cal substrates in accordance with the present invention; [0018]

FIG 2A illustrates a configurable spotting pin assenbly of FIG 1; - 3 DEC
2005 8 [0019] FIG 2B illustrates a second mani pul ator of FIG 1,3 pf0f&0]
FIG3A illustrates an array table of FIG 1; [0021] FIG3B illustrates a
substrate well of FIG3A [0022] FIG3@ illustrates a spring |oaded ball

pl unger of FIG 3B; [0023] FIG 4 illustrates a flowhart of the nmethod for

t he spot 4 i ical flui sanmpl es iological substrates in
accor danzdeoq\% ?F]G'?ﬁghgsg}eafeérarséa"%fm%‘?ﬁ@h;Of?B%gm FIG5 illustrates a
flowmchart of the steps of perform ng the washing cycle of FIG 4; [0025]
FIG6 illustrates a flowhart of the steps of inspecting the biological

subst r at g@20ff FIGBE iust{a8828]arfay@abtle bf Fuslir ates a flowchart of the steps of
anal yzing image data of FIG 6. [0027] FIG8 illustrates a flowhart of the

step re-spotting the biological substrates of FIG 4; and [0028] FIG 9
illustrates a I(IéO\Nc,hart of the method for the spotting of biological fluid
sanpl es ¥928; 51GgBddyststas orsubsteate wellaf &G ddnce with the alternative

enbodi nent. Detail ed description of the Draw ngs [0029] A nethod and
apparatus for mcroarraying biological fluid sanples on biol ogical

substrat g f ' t, .and_ an native enbodinment is
descri begﬁ imFn}'gc%ﬁgﬁégggﬁlg%%?%%”a@%%ﬂfﬁltdbﬁéne skilled in the art,
however that the invention may be practiced wthout such details. Sone of
the details may not be described at length so as not to obscure the

i nvent i of#023]0BBDY iRedtextesi @ @lobvehint Gflthanma@parfot U 3fbtfiRg JT GibLECAANLAY
bi ol ogi cal fluid sanples on a
samples on biological substrates in accordance with the preferred embodiment;

[0024] FIG.5 illustrates a flowchart of the steps of performing the washing cycle of FIG.4;

[0025] FIG.6 illustrates a flowchart of the steps of inspecting the biological substrates of
FIG.4;

[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



plurality of biological substrates is illustrated. The apparatus 10
generally conprises a stand 24 for supporting a variety of conponents such
as an array table 12, an array plate 22, a washing nodule, a firBL 2005

mani pul ator 16 for coupling to a configurable spotting pin assenbly 14, a
second mani pul ator 18 coupled to an opl cal device 20, a third mani pul at or
30 for coupling to and conveying a configurable spotting pin assenbly 14
for washing . n _the washi dul.e, and a processor for controlling the
mani pul atisbe AT 'Rere ?18}1%8 iy fhepqil, hopeyisy thef dheo mveption B@HihegRrRgAcE
Spot t i NQyw ¢ (h f ferred tq a PA) .14 has a plurality
of spott%%‘ia?gcﬁzgét%igi %E)rg tof (r?[g{ge %‘%‘S‘tése&%‘gi Ifoltﬁ)(f eﬁ%%%gd gle Wbﬁ%d’f&ﬁ’? %l uid
sanpl es bksciech®aiveaysh On t he biol ogi cal substrates. The plurality of
spotting pins are each advantageously capabl e of being selectively
retracted and extended individually and independently for re-spotting of

m ssed spots at any point in time during the spotting process. The

ext endi ni§03HdRefeeringto FA6tl ayappedatus dQadbt miaoatrdyngepelngieatflujd sfmplesohaof t he
spotting gli qs 4Q are pneumatical ly actuated via a plurality of vacuum

ni ppl es Psaliky, of biglogical gubsiratgs isrillnstraeshl Thp @ppirats pithgaerallysgeouriseehy. The
vacuum i ed by _.neans .of lurality of vacuum erating devi ces
each cap%%rﬁc{e%;?orssgpéﬁlf’%@lVf”ﬁ%’t‘? NERLS SUEfb 25,80 ARG %gpel {%iiaViaél‘iﬁ‘éiIHWeand

i ndepen t iV i .ce.can he a ..vacuum punp
coupl eddfﬁc} alawelsg@&@n@%és’ear%}ghn agtl rtleélagésjlfé?e?\@ﬁgﬁg & §r033§$‘“f'36§9ﬁ’1t%?%&1?i r st
mani pul adssemBly 1145 a batdhg alanipuatct BXdctipledRObh GpRtdD RULe b6, ARl@ honifRRIPY! ate
and convey the CSPA 14 to access a full range of locations on and I'n

.proxi mi t30 &fr conpling wnahd @aveyTiea tonfiurabbenipottingt pih akSerhisly adafot ashshidg GRUp! e
to the PA 14 by means of a quick change device. This quick change device
advant aﬁ%&@ﬁ@n&m%, fifka propessoraneonitodling tha eapipulateapi dl y di sengage an

al ready coupled CSPA 14 that nmay be soiled and then to subsequently - 3 DEC
2005 10 engage anot her pre-cleaned CSPA 14. The first mani pul ator 16 may
further R4l d fqfre mJi.ncorporated to,convert. the
3-axi s r[ggaoq'?i c ariﬁnﬁg? g%gGrrlu%?fﬁg%g F}%b%)?’lﬂ gurafé‘lP ﬁ?mgng pin assembly (Hicteatter

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



[0033] The array plate 22 typically conprises nultiple wells for containing
a variety or a plurality of biological fluid sanples for dipping.a

re-di pping of the nultiple spotting pins of the CSPA 14. The arréy&giﬂﬂ%
22 is comercially available in several configurations such as a 384 well
array plate. [0034] The array table 12,4s for securely supporting a
plurality of biological substrates and allowing the first manipul ator 16

to accurate%gﬁ aqg reliabl géformthe spotting of biological fluid

sanpl es GHEAEHANLBERET a%%’p‘g Add- dihe sy meamipudaiorsiomeeBurthThbavaraddifionalbl e 12
conpri se f | at f or m. hayvin ltiple supstrate wells 13, each

subst r at geéﬁéﬁsla()ffg% ?%Iﬁ fE}lsc 22y Falt%(gyoac‘g}v%ltée Biafﬂsdﬁg‘?,% argy 193 F&’ftb?XIEa‘?}WUC
substrat gryel | 13 has at | east two abutnents 45 for placenent and support
of a biological substrate. Further, a spring | oaded ball plunger 47 adds
to the secure placenent and support of the biological substrate. The spring

| oaded ball Elunger 47 further conprises a ball bearing 50 and a

conpr ess[0§A3]s bh¢ agayiplateRi2atygivelly coafprsedinaliiptd ¢alls forhohhmim 4 MiRtfor a
nvyol ves seating at | east two edges of the biol ogical

substrate gﬁjl 1%@; / . K

subst r at BIUEHY of fhivlegical dluid samplesibon dipning a18. reAlipping of ae nhiltipde spéteing

bi ol ogi cal o} t shes against the ball bearing 50 of the spring

| oaded b FOf}ﬁﬁS?&ﬁ ﬁ‘% aytpgﬁs Qgﬂﬁ cRnersially ayaliskleiin sevpH icanfigimationd t hi s

tensi oneg;cG30RRYS S | 49 acts to secure the biological substrate
w thin theC su strg\%eg%v\%%ﬂ#g. [0035] The array table 12 is typically

situated in proximty fromthe array plate 22. This 1is to ensure that the.
first mani pulator only needs to convey the CSPA 14 for a short distance

from di pigp3) Thear€SRADIE4 2iinf@ semelgr‘snp?rorah@h ?lu%@it?'&@ bidM6Yicad Rftistrhie® ahie

biological .fluid sanples onto the biological substrates on the array table
12. - 3 Peyinmts first ngspilaReflér td mgetrately! @d Teladiy HefoRB, tht heposagobd
mani pul \a};.o 18“133 t%gi cal | %/}Lea 2-axis robotic armand is able to manipulate
and con é?/f"tg’r‘fé e stranley pr theaecerelyi sppartedibiolagicalsybsiratésy (The meray éabde 12
| ocatio : le 12 where the biol ogical substrates are
suppor t erbg) nﬂﬂ llsﬁggfaa?{rl%y %tgqg?leﬁ Vﬁlgﬁggﬁlgﬁpﬁq}f?%‘ft? tVYF?]gflgsﬁaﬁ tSHBsteateiell o 3188 whi ch
advant ageoufig shdlOBRIogiAY&ibstrate. 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.



and physical access of the biological substrates frombelow the array table
12. Thus the second nmani pul ator 18 can be sited strategically upderneath
the array table 12 and advantageously access the full range of“?@é%ﬁ%&ns
of the array table 12 particularly all the biological substrates. The
optical device 20 is typically a CCD cafera and may conprise nore than a
single camera. Two CCD caneras nounted i1 n tandem can be used as the

tical i 0.t Loyl t | ight d ited bi ol ogi cal t
oPUT ol SRMRER PRI STERERY, JoemondiLieRost o0 b o0t cal spots
et ert| "Gk hads i % VORI LS COBELSL0G Sy L A, g pulater 50, o
oryer 371l snbout il 03 6 s oth CREA B2 Aty ROELALTIAS Brogis

pr edet er mi ned nunber of spotti bi ol ogi

mani pul ailbe aBfy table Vphasal plyratity2ofubsirdtOReIls €3 WhibhiadtSoeo g%ﬁﬁ\@s LRugoup! €
to the CSPA 14 via an end effector 32. The holding station 34 has at | east

two conpaRd pesicsl aeceshof the Hidbgleal gubstmsitesgfrem GSRAV . arByrhblg 1007 Ths the
operation, c%here woul d be at |least two CSPAs 14 in use by the apparatus
10. The $9°PR¢ menipylatorgBagan be sitnd strafegiedpluadernentt e faragt tahlenl pudndt or 16

for spotjd Lolongical fluid sa s onto _the biological substrates. The
ot her CS%L&%%& I}S%aﬁc?sss%? h‘l‘ég%%%?%@%dﬁr%mgy tableah? marticplarly el thashi ng
modul e Wgioldz; | i s caupl t e first CSPA 14 is
concurrent | O%Iésag g%t{sfr%\%gt @W@F‘%ﬁ:"g I]{bf ﬁsﬁ?'glcglg’ﬁﬁﬁ;eéﬁ SATE RS DAY BERIESS|
substr at gere thantdsingletdaREraCSPRo ldchaghnd e el uiquldgthen be
pl aced in one gf thge at Ireaast tmlgc conpé{‘s?ﬂnlgﬁ?tggﬁﬁt%@glgh%fld}%en‘é%gtaasﬁh& 34
awai t i ngoptizrkedevicee2Ontoesimibtencoisl tsc SRRt depasiesdMBislogAli b6 @D ehe' ROBLIESS
washi ng. q[1?0038] Wi | e under goi ng washing, the soiled PA 14 is conveyed

f r om t heSURSFYP d5at Beipbin time instatankeusly.t r asoni ¢ cl eaner 35, to the water

bath 36 and then to the vacuumdryer 37 by - 3 DEC 2005 12 the third
mani pul at or 30. When washing is conpleted, the third mani pul ator 30 then

depos! toblit RO GG oo WaSliRE MShREChn i 3" Furd manuflP 30! TN S
» 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



station 34. The washi ng nodul e advant ageously allows the first mani pul ator
to continue wth spotting of the biological substrates with th% DEC

pre-cl eaned CSPA 14 while the third manipulator 30 of the washi ngE r?t%ul e
conveys the soiled CSPA 14 for cleaning. There is therefore zero tine |ost
due to waiting for the soiled CSPA 14 tg9 be washed. [0039] Referring to
FIG 4, the nmethod 400 for m croarrayi ng”biological fluid sanples on

bi ol ogi c%}a %ﬁjgf]t rafes in_accordance with the present invention starts with
the step '8 WEhFegiPRptor1 30t N¥hesy wagiing ife dorgprdl 4hef third niveipobitati 3@ thdmt i on

34 of th hi A .. . The PA 14 |s then conveyed by the first
mani pul at% S télﬂ?%so{l’iﬁgwéﬁéaw Pre | Dapy dnto of¢ Pfﬁbleéogl}ﬁ@ﬁmgmgofﬁhggmm&)f t he
Conveyeq STl 3. PRRE widhig AbQub MRt 816 dfis fnbparuarde jsoptie

conveyed to the array

| ocat | on vidr spdandToE HRA6IRA S8l rdie wﬁ?ﬂ'hoﬂhgq%rﬁ-giesrﬁééf’éﬁ{)ﬁt B8 w0 Wi

referencing locations on a at plane as In esent case,

par amet emsngfulat@r Jedfehenashingrpdale @ofwydahé Yoil@AWPL£d4 BScleadp. Tikee }]SWO
paranmeters defining a location are each froma different axis and the

i nt er secthesFforsrzernBme lpst duety waiting forethé soiled @SPdet £t b washed. ref erence. In
the present invention, the apparatus and net hod advantageously utilizes at

| east two adj acent edges of the biological substrates as the reference axes

and the L 1.on he at e two adj acent edges as .the base

ref erenc do? %fkggeﬁﬂ M trgfgﬂfaG '15’ @5&1{1 Odagho {PFemigT ngabologisalt Huid sampley o1 ]
Present giofdoar J SHSLRBRIANAY &t " rence. axes. and.base references
pre- pr ogrO a%dgﬁﬁtﬂg&ts hﬁél %C?oces%o%éﬁlaﬁlg %ﬂén‘{n‘folwee lgnvﬁi% il ﬁieoft%i%f{al

subst r at esgaging $r(ethe pro-clogrd C3PPet4 RoRdBEShANH: SGEHS 84 owhen@%mg fodfiL.! PS
unto a platform This disadvantageously causes errors as the di nensional
vari ancedheCSPrhe 14iisithayi caivepediby rlet fist nmajpuleacy1 Gac tedirfy platet Be qual i ty
control of different manufacturers. Such inherent dinmensional errors wll
cause t hBULRE epoing pinsHAD of tedgs R farer tha dippadmilésntocthberepplated2i The 3 DEC

2005 13 S erne the bialogical substrates are not present and ma
further ré§g§I %%n{hgg Oc‘toglvgfe% 09ne array table 1 and then positio?led 420 in a desire}c/l

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



bi ol ogi cal fluid sanples neant for a particular biological substrate to be
deposited on an adjacent biological substrate. The present invention thus
advant ageousl y obvi ates probl ens when biol ogi cal substrates arg JEbbggent|y
i nconsistent in dinensions as the references are taken fromthe edges of

i ndi vi dual biol ogi cal substrates indep gdent of the neighboring biol ogical
substrates. [0042] Next, the step of SE tting 425 the biol ogi cal substrates
is perforned by lowering the CSPA 14 until the nmultiple spotting pins 40
come i nt 3@ Miste thajkiojogiprd sybesratesi argl not qubsent and sayThirther essull tis spots aofhi nut e
spot of hiologigal, fluid sanpl.e being deposited by each of the nultiple
spot t i ng%%)?oré)&llgul 8" ‘??emB"’lr;% o B%H“%‘é]&’bgtql%‘@l suhsyateconpe denosiiedbntane st ep
of spotti 1he: hi i cal strates. the inspecting 430 of 'the

bi ol og cg?jg‘éd;%g?lg’lg 8@ ?‘g&@%‘ en %}}éér)f%?% .lhIV?nQIIQB- B’b’ﬁt ¢ Y?g‘%tgFOLlSWe BVELSgi cal

subst r at ggobléind @Hehr6lodidE. sdb@?at%i SR ‘?ﬁhe‘i&iﬂtyts Pr%hg@gm% did¥hsRhe! Q9 cal

0
substrates is then perfornmed. [0043] Re-spotting maybe Tequi reéed en

t he i nspedtrengs 480takén fiom 1k Qg dfahdivﬁuﬁsﬁibl@%ﬁﬁ GBbeNed DRpdddeht gle are
desired spots of biological fluid sanple on the biological substrates that

do not nieighboriseditdegeatisnesttatepeci fi cation. If re-spotting is not required
435, the process continues to determ ne whether all spotting 425 of
bi ol ogi cal substrates have been conpleted 440. Next, if the nunber of

re-di ppi 4 of, t he | ti.ple.pins.of th PA 14 into the array table
12 has o@% 3‘%@ Xtaft}ber %ﬁ%toggﬂ?tﬂgﬁ 433 ﬁﬂeef‘”o{o@fcaf ?‘%&ra‘ﬁl,s 1§ perompadsby desaring60 t o
zero and STH NGk I e PA 14 engaged .the fi.rst.

mani pul a%%?eﬁ%@i isl! B‘g?lﬁ gl? nrlﬁa%lﬁg FO%XE{JQF}%@?H& fo 386%8@8@%&0&6 2Nt i nues
wi t h t hesifhistrates. "Bk pestiRg By ﬂaﬁnl@d”'%x@ ' : Ares

conti nues fSr on?ther e. If tahe re- |g%f'%8§égl€%15ﬁg? S%ﬁgﬂe%%%ddeﬁeﬁgﬁ%n%ﬂ

occur r edofNhe inmdtipld 4potting dirisf40tdneo tha ibixdogiodl sapaiatd, mgﬁn%x'f_nglbﬁoh ke tensrged

CSPA 14 had occurred a predeterm ned nunber of times n 450, then n Is
reset 458" SPOMNG Hoathg higlegicatsphstrptesi theciospestingl43® of e biolbgiyal tsubstrad® iand

re-di ppeg 415.. | f t nunber of. spattings - 3 DEC 2005 14
PPegled pgrformed. hl? re-spotﬁng of the” lglloltog{] 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 cbntinues 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



425 by the engages CSPA 14 had not occurred n tines 450 then the met hod 400
| oops back and continues with the positioning 420 of the CSPA 14 for the
next spotting 425. Wien all the spottings 425 and re-spottings ﬁégZ of all
t he bi ol ogi cal substrates if any are conpleted 440, the nethog 08nds.

[ 0045] However, in the event that one 9% t he bi ol ogi cal substrates is
irrecoverable or damaged resulting in“hon-conpliance to any predeterm ned
specifications during the spotting processes, the processor wll

aut omat i 43b by theemgages €9 Y habnotegturre miiined ¥ 50 thén themsdthatb400t loeps backt

nanipulatoi 16. to sk'ﬁ}that,particular defective biological substrate. This
will predBhtoRtinEcsyih thepsionngLOnidhn CHPHI14docthe nextspditingdls When all

def ectiveg hj ' ubstrate therehy elimnpating further |oss of

product i ?’ne %P?J‘rtrfe%’%%ggg i‘%‘ir%ﬂf’?ﬁé{bgé 42#1 of 3 th%l%’é’glgwglewbﬁfirw%gfi Y| arg Fmplsted] 0046]
Ref erri ng46 ahdh&inad 4bfenyi@shi ng cycle 465 for the CSPA starts with the step
of transferring 510 the CSPA 14 desired for washing to the hol ding station
and depositing the CSPA 14 into one of the at |east two conpartnents of
the hol ding station 34. Next, the third manipul ator 30 engages 515 the

CSPA 14 [945]r Hawever, washd ryemtnihat ony e)fSthe Mol subdtrdtes 1N ardebidrasi®rC
station 35 for cleaning 520. The third mani pul ator 30 then conveys the

cl eaned ed gegultingn én \peneoniplipnceatd anympresesmEaE tshecifiSEAns rduding hidewat er
bat h 36. xt., the drying 530 of the CSPA 14 is performed in the vacuum
dryer 37515\?5@( bipsesses: thoRiRsgeer il hompicallinacivytera bxpash goutivierwhigibul at or

300, e bl BRRLPHLALRI A0 DED \TSLALE 220 e o) saned apd, o ed
[0047] Rafpprdvest e Eﬂ(ﬁix?%] ofNGibsd RSt Bifoldglllglpig?fd% 'Iﬂnégtﬁf E%?ecgbg!b?aé)@%l t he

substrates starts with e positioning he o evi ce

second neubispatk athereby Tlieninatiizofiithay 16k ofpRasitioadtimeoil afe Waghegiofahe ! uid
sanpl es on the biological substrate are then scanned 615 by the opti cal
devi ce 2enspettesidielogiealifheds.nrage data of the spots of the deposited

bi ol ogical fluid sanples. The inmage data is then sent 620 to the processor
and the image data is - 3 DEC 2005

[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



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 eighl [FEpgpit ed

bi ol ogi cal fluid sanples on the biological substrate at any point in tine
i nst ant aneously thus accel erating the ifanni ng rate and acquisition of the
i mge data of the spots of biol ogical uid sanpl es on the biol ogical
substrate thereby reducing the image data acquisition tine by 50% as

conpar ed 20YYES ?% al hesppfifiab doayy 2 ety aicallp @48 D RefmerarandgnayocdthyBist, modee
steps of .anal yzi,ng the i1mg ta 625 by the processor, starts with the
step of ik ianglﬂ%e g%efﬁ-hﬁoegﬁﬁcwe%w%@@ n [tgndemecan; kesesed asrthesptienl, t he
opti cal ' O ot.s, of hi.ological fluid s |l es an the

bi ol ogi cgﬁﬁgﬁ%%%r %‘?’E‘g&%&fﬁg s?’%g%l i Oepopﬁe[dgl%glggmm%saﬁ?ﬁggw I%Rf pelogitdl | nage
of the degg&hicest 2ol j [ I I i.ating
715 t he deposi tedﬁggggﬁgfﬁb%?ggﬁ%gﬁﬁéoﬁhl dthsﬁgn%};{;eger?t?%ﬁhl’et gca't"] ?Crgéc}% aatng
backgr ouncljuistiiors ofwhel ithagt delaver #BasAtS BRBRIGHQE THRi @ﬁnﬁtﬂ@& Rl feesoesiege al |y
hi stogram cal cul ation to determne the grey scale | evels involved, Gaussi an
filteringubstateshasehytreduditmthhiimbgrydaimacdsitier time byk§0vmas abgparet e Bisih® a

di sti ngui.shl tfﬂﬁ)deposi ted spot of biological fluid sanples fromits:
backgr outigé'® §pof determining 720 the characteristics of the

deposited spot of biological fluid sanple is then perforned. [0049] The
spot characteristics being: area, conpactness, nmaxi num di aneter and

[ | ar Cat f er
o1 roul ar ooy RORiRch, PRRISSLSILSLLE oBl ARER BLEL SulOuIDR, AL Ul ar e
subst r at startdJsvithgtht ReepToX deTintiod] AMMRE §6giH of RereSPOin %hte?lﬁ géagggft‘l@égﬁioﬁrtﬁg of

the spot is conputed. By dividing the actual area o

bi ol ogi ceitice] dé¢vdces2thydaes the spois ofi piokigizal flaid sampfestdrethe Psiblogiadl substeatef
conpact s is then derived. This index of conpactness is also referred to
as the i gion QL intgrest Weyld primarifbe theiaege ofchpdemmsitechepotiof bialogalefiuidf t he

spot of hiologigcal fluid sa w th respect to that of _the apparent area
had the %ﬁpl?'e@ﬁtegl%é@ﬁlaﬁ%nghgdheo;?_el?%éte@iss%a? biglogqal flyid spmple from its
char act Giialdifie pAligFunBY s hotid SIS WA b I5R5cA 0 AR ety 4007 o

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

ry

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.



bi ol ogi cal fluid sanple has as conpared to an actual perfect circle. - 3
DEC 2005 16 [0050] The spot characteristics are then conpared 730 with a
conprehensi ve set of predeterm ned specification that determ ne the
requi renents of the desired spot characteristics. If the spetd DEC 2005
characteristics fail 735 any of the prggeternined specifications, a
sof tware marker (which conprises the | ocation of the spot, the biol ogical
substrate where the spot is on and the spot characteristics) for that
failed spot requiring re-spotting 470 is sent 750 to the processor for

i.s then recorded 740. |If

re-spotti 4 and, t he sof.tware rker rec rgﬁp

the spot (o) i@f’eﬁp% tc?‘é@c%swét arg fpn £empped Ll vith @aeqraprghensive nsef s

sof tware [ i [ ec ed. 740, [PO51] .Referri o FIG 8, the
re-spott P?l%%§%mg§ ﬁ?gm&x%({;rggt?‘égl &éetfglgrfer égeesr PRy ?nﬁ t%‘%edesgf‘gps%‘?q t he
Pr 0CessOkhdr@@eNistich IfAAOsgol BhF QL N@ICS f; thal; jre re-
spotting. Next selecti v?aﬁlo? ext endi r?g %ﬁ%ﬁﬁ@ éigﬂélafp?gdg%g%grfetdlsﬁg&%{iagﬂg% a

pl ural i t g softwagpatdrkergwhiihnnieises thedp@itivh 00 the Rp&HS BRI KISl Wubdtratd @hsef t war e
mar ker. The extended plurality of spotting pins are then dipped 820 into

t he desi thedspakision apfl thehspair shayacpiriaties) 26r. thilefuiled kot 16GRANG f-spoetinpo41at isoned
825 in a de?féred ocation for re-spotting of at |east one desired spot

whi ch do&t{30 Adhe Prersssor ek resrpatig) 42p cadl the seftware. matker epded 4s thent hen

| ower ed irst . mani pul.ator 16 onto the. hjal ogical. substrate and the
bi ol ogi cé%gx?dltegﬁof'fo'sairt:)fhg Fped-Q g@ﬁ%ﬁr{sﬁ&s QP I?Oé-fg‘ﬁg)@ge %8%?1f*?ﬁ%°qseg}9§c@?ve

ext endedssBRdt kR idsify hdy of spotting pins 40 are then

retract e(S:I 835. If tkllerlei)g?reegdr)rﬂg%(gwrtée'-spotti ng 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 allow ng
easy acck981]t Beteomgrtol FIGm) thaireyspitting He0 ap rrtdslogicdl Gubitheesafipdy atithsthe0 can
further be provided with a G aphical User Interface (GQJ ) system Such a
QU systiE olF Pressssritseeigrg8 1 Qithp sefyvarg markers fanthd sgois thasameguire re-

Al t er nat j_vel he i,nput a C be incorporated into the displayin
Means angpé)%ér}/ Iliengel\%ﬁivfw ffqgergﬁrtg)@gntge requ&reg spo%?ng pin or a plurality of spot%ngy g

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 requfred 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



screen Liquid Crystal Display (LCD). The displ ayi ng neans woul d provi de
data such as the operational status of the apparatus 10, recorded data of
scanned i mages of the spots of - 3 DEC 2005 17 bi ol ogi cal fl utd Dangkes,
software markers of spots of biological fluid sanples that failed the
predeterm ned specifications and statugyof the spotting 425 and re-spotting
470 processes. [0053] In the alternative enbodi nent the apparatus 10 is
subst ant 'bi%ll but l.ogy for spotting or

e : .
Gepost 11 TR BORmeIe o e sHBlers of Bres il Ak sanlpe i Telenot

limted ol ] SRPOt.t ] LNS. as used | he CSPA 14.
Consequemél @gteﬂcglr? i 5&%@%‘?&&%@%% P insgi%teklbocfuﬁg E@Mg cQ@h i TaRrtng 4B ace

t he CSPAprokdssedhe CSM woul d conprise spotting or depositing neans for
spotting or depositing spots of biological fluid sanples in mcroarrays on
t he bi ol ogi cal substrates. An exanple of such an alternative neans is to
use piezoelectric crystals to eject droplets of the fluid sanples onto the
bi ol ogi c 053]y theatléssnativiiesnbiodinsantrathic rapparatdse i 0 éd substantially’ kimkiladebutpthient i ng”
met hod. Furt her %e, e CSM woul d al so ¢ ise neans for selectively

r e- spot t PRRGHRE e 918@2)2%9 $ROHing ABidoPesifing gigggga]oﬁui@isgmp@ism thie| bipldgisanpl es
enbodi meroeare A IRROR B i oraimespatie et St b 1hF ccS8hples on
Che step ordnai? i pliguat oA MILL (SRR e ¥ et s A ey
Bi ol ogi cal 11 d  canpl o0 TThe Tam f o hoo Hnd Bieeh Ry SBOIER bO4Rtpe . 1,
.and t henspetsofttiolngidaldRid sampdes idasicroatay oamth bivldgical bltdtites. AakkaypB@of t he

“bi ol ogi cal hsubstrat_es. [ 0055] Next, the step of spotting 925 the bi ol ogical
subst r at ¥6hja0 HEmaivagacapy iy Bwipe RigZodle@ricSiistals e eidot dasNets sofi ther Buige  of

t he bi ol Qgical substrates. T tep.of spotting 925 the hiological
subst r at S QR RR et eiEn il Rt i SERmaEgriegng at ek Jek Psting
i nspecti 3 I | es 1s then perfarnmed. |f
o gpot tl:ﬁgtélog.r 916113%%1;;1:8?&:', E%eogggi[ ﬁvglt.xldséipé E&%}Bﬂ & means 0r s ectlveczly re-spotting or
re-depositing individual spots of biological fluid samples onto the biological substrates.

[0054] Referring to FIG.9, the second embodiment of a method 900 for microarraying
biological fluid samples on biological substrates in accordance with the present invention
starts with the step of engaging 910 a pre-cleaned Configurable Spotting Module (CSM).
The CSM is then loaded 915 with the spotting material which 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. F ollowing 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.



bi ol ogi cal substrates is required 935, the step of re-spotting or
re-depositing 970 the biological substrates is then perfornmed. - 3 DEC
2005 18 [0056] Re-spotting or re-depositing 970 maybe required 3%}%@&@5he

i nspecting 930 of the biological substrates determines that there are
desired spots of biological fluid sanp#g on the biological substrates that
do not neet a predeterm ned specification. If re-spotting or re-depositing
is not required 935, the process continues to determ ne whether all

spot t i ng [0U3F] Kepweitingrey regispesiting 3Thbgiayhe required maten shéanspedimgrocootpihet ed
940. Nex if th unber of., re-loadings 995 of the CSM has occured a

pr edet er ﬁ;}orko(gbcahﬂﬁﬁﬁ‘pteg ferhges ﬁl}at {hrae arg desired gpots of deplegical dlusl sameple loa

washi ng ci: n ed by the first ipulator 16 is

per f or ms?ﬁle %@8@@% S%Setur%rg }%(?{c\iﬂdgélggﬂ’(%bgigﬁeélﬂ?nﬁ% éB‘ir’T?fo?%E%% i CrPPRBSqrr st
mani pul ak@depbitiah g abingtquitd0oss MiEs o i Lnombhere. If
the re-| oadiprll)gls 15 of E%Ie CSM’hade%kgst%rtg%gurrégqﬁeﬁgﬂﬁ%%gief agr?ao‘it“f“gt he

nunber obr dqyositing §25 8PBiokygidaheubergagies Geb fashleRe 9W.rﬁ&tﬁif%@gﬁh€érrq]fned
nunber of tines n 950, then nis reset 955 to zero and the CSM 1s then

r e- | oadetE-9adingy 995 ofetha Pdrhasfoceyred tai prgdetamitapashbirngsiBabNDYhdnhR gngages

CSM had not_ occurred n tinmes 950 then the nethod 900 | oops back and

cont i nue®¥sH %6?? tp gero 3nddhe wasing cude 96% of e CIM éngrgadrty thexfirsspotipilatpror

deposi ti ng; 9326%0 V\h@(gn all the spottings or depositing 925 and re-spottings
ing

or re-depolssl O of all the biological substrates if any are conpleted

940, the nmethod 900 ends. [0058] The details of perform ng the washing
cycle 965 can be substantially simlar to that of the washing cycle 465 in

th f PoSAATR:ThRdi ' ; ' |
e pref o5y oIE9TD 186psd bé&t%ﬁ%ﬁén%é&yﬁhﬁhhg f M‘Pﬁat\‘l uiatord?@%xlﬁ%hiﬁgeon

the spotting or depositing neans enployed int e steps
washi ng 244 prereiganed OSMiiahd eontintias éoanther. Offf tiRnrealbadEARAIIISVEF HEEIHVIGagYyC! e
using "Ink Jet c‘t’)ri nting" method woul d involve clearing of nozzles of the
CSM usi nPtLererd Y| timesd?Umand if the inmbenoih spstiras 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 stéps in the
washing cycle may well diffgr. 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




[ 0059] Furthernore, inspecting of the biological substrates 930 is al so
substantially simlar to the inspecting 430 of the biol ogical substrates
in the preferred enbodinment as illustrated in FIG 6. The re-s@3opigimg or
re-depositing 970 step of the alternative enbodinment is also - 3 DEC 2005
19 .substantially simlar to the re-sp%ting 470 of the preferred
enbodi nent as illustrated in FIG 8. However, the CSM repl aces the CSPA 14
r selectively re-spotti i ndi vi dual spots on the

and t he mabans f ) - ngh

bi ol ogi c&} Séaalﬂéﬁy Stogilar 30 $hy Wrspotting 4 Bbehthe prefeierl dpebodispane @f aklestratedain t he
enbodi ne descri be il lustrat o not |imt the scope of the
present i'i}%(\s}gn ﬁf onVgh ghe\?{;%ﬁglaﬁ%g&ﬁ? ﬁgggl b‘ﬂ@déhﬂmemfex/ eslestvely TarfPeing nade
by a per g | i Q.. 8 A t..de ting fromthe scope of the

pr esent ﬁ?g‘\,}gﬁlisféﬁgd—l%H&ég‘gl%losgb%gﬁ%ag%n@ﬁ%’ An apparatus for depositing a
plurality of spots of biological fluid sanples on a plurality of

bi ol ogi cal substrates, said apparatus conprising: an array table for
support i [egéeint willcher appgeciated thak Wiabmbydiflenfideb@big ahd SMREhIcat ®Snotdimlteast
two configurable sgottlng pin assenblies each having a plurality of

spot t i ngthepicane fodrthel pprseitt innentmi ahdpyaricals imgdifidatiopotusd dhplovahags cat bel ui d
sanpl es on sgi d BI ur al J’gﬁ)‘y Qf biological substrates; said plurality of
spot t i ngmBINEY e RFrsem SKFL 1 the @rty yithente depariang, fioar thec seape aofdtheepesanded: a
first i ﬁ’t}d%t or having a quick change device adapted for coupling to one
of said at Teast two configurable spotting pin assenblies and for
positioning said one of said at |east two configurable spotting pin
assenblies to deposit said plurality of spots of biological 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 inage data
of said plurality of spots of biological fluid sanples on sai,d plurality
of biological substrates; a processor having nenory means foF3r@@éW%ing,
processing and storing i mage data froggsaid optical device and for
controlling said first mani pul ator, sai'd second mani pul ator and said at

| east two configurable spotting pin assenblies; wherein said processor upon
receiving said i mage data from said dpeimsal device processes and stores
said image data for detecting |ocations of desired spots of biological
fluid sanpl es which do not neet a predeterm ned specification on said

bi ol ogical s : . r ei p_said_prgces .further controls
sai d {1 et manrouarags 8 Wobibe R pRGah et igoas Haid fasles of 3

confi gur ghirglits PObidléoHcd) isibsaaee dald Satau hihrispgations of said desired
spots of biological fluid sanpl es which do not et said predetermned - 3

DEC 2005 21 speeirhy trhld ﬁmsu@ndirgednd&éémﬂﬂgﬁaﬂﬁﬁaﬂ?a)ﬂ%'idlég%dl kibs@htegiesi red
spotting pins individually and independently to facilitate the deposition

of said spot s2oleasitee egifigurabil¢ sottingapip hessmbliessachl having atphaalsty of.sphing
appar at us. | Rﬁoa cordance.with claim1, further conprising a washing nodul e
for perPBP ﬁae%i’s%’gkﬁ%m@%‘% obapasiad binlesien! oyl shmples @usaid plugality of

confi gur . t] pin assenblies, said washing nodul e conprising; a
hol di ng g@g{%l%?%bgjfrgﬁ%l ding said at |east two configurable spotting pin

assenbl i es; amjgldinagani gapeL; ath.and a.vacuum  dryer;
wherein said vvashé ng ?;é)fes’%#’s geélp%?eﬁé}gtcg ar??eug)febﬁfnlgyseé?ﬁc V%Xd'é?ggﬁé(grﬁnfiy W th
sai d depcdendeing of said plurality of spots of biological fluid sanples on
said plurality of biological substrates 3. The apparatus in accordance
wi th cl ai m 2, afigt mesipubaergraivisigraguickt dhangt deaivie padpédror cadsliziead dnelofggigveyi ng
said one of said at |east two configurable s(fot ting pin assenblies
at least two configurable spotting pin assemblies and for posttioning 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



bet ween said holding station, said ultrasonic cleaner, said water bath and
said vacuum dryer for perform ng said washing cycle. 4. The apparatus in
accordance with claim 3, wherein said third mani pulator further conprises
an end effector adapted for coupling to said one of said at |eappgt
configurable spotting pin assenblies ?1 The apparatus in accordance W th
claiml1, further conprising an array plate adapted for holding and
securing said hiological fluid sanples and for dipping of said plurality
of spott ’p‘p@lfgqaﬂgnso@%oﬁe?ecgwla c¥tepd i rlwmaljtyof desirad shottiaginiys ofdiedely apfl

bi ol ogi c i . n said.plugality of bjo]ogical substrates. 6.
The appaﬂﬁehénﬁeﬁtl%ﬁotﬁgg%gaﬁ% g‘%@?ﬂ“@&é?ﬁrﬁaﬁ quﬁ o e{”"l?&?ﬁ# ﬁ‘é‘fl sempley P8 stidyi ng

means cupligd to said processor for Gaphical User Interface (GJ). - 3
DEC 2005 22 7. The apparatus in accordance with claim 1, wherein said
optical device further conprises at |east one CCD canera: 8. The apparatus
in accordance with claiml, wherein said array table further conprises a

pluralitg. of Fhbsppastes inelctardate Witteclaipparfatths dofpriskelSanhtavhbdulctai m 8,
wherein said each of said Pl urality of substrate wells further conprises
€,

at | east Perigsming & veashisg syaleaors said rmge ] daid otdtest bed | configuraigerspotlig fAnnet hod
for spotti ng 1%Spl urality of 1apots of biological fluid sanmples on a

bi ol ogi cATTHBIRssTHhYashiftg medule eerppnising ahelding: sationotesheldingosaid af least two

confi gur tri pin assenmbly having a pluralit f spotting pins,
each spo??ilf%bﬁglgngpgg%gbi) Y %ﬁse%gl???ga‘%é’?@é?‘%ﬁé’i FTefr W&%&g’aﬂ’aﬁ%‘_} éxYaERHBd

I ndependgft; WwheReiR §ﬁ8%sﬁ%%‘o9efe% QLA ceogxcﬁrpen%lg DLhGAendG G2 a2
processor, said nethod conprrising the stepS: a. engagi hg sai d-’fl =34

conf i gur ddplositinpaift $aidy phiraligs 8LRPY1Y; ofd biothigRRl NGidS 8drAplRd Wrakiili VplefalisP et i ng
pins of said first configurable spotting pin
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).



assenbly into an array plate; c. positioning said first configurable
"spotting pin assenbly in a desired |location; d. spotting said biological
substrate by lowering said plurality of spotting pins to contact said
bi ol ogi cal substrate depositing a plurality of spots of- biot%?hf§?0§IUid
sanpl es on said biological substrate; 22d e. inspecting said p I y of
spots of biological fluid sanples on safd biol ogical substrate. f.
re-spotting on | ocations where desired spots of biological fluid sanples on
sai d bi olTgi calhesaiysratas dn taceerdatwe rwith roleih B pherdiat saidrioptichl sfeeice ffucther on
using said first configurable spotting pin assenbly. - 3.DEC 21305 23 11.
The met hG@MPHSEES drageneL s camgiam 10 wherein said step e. further
conprises: i. positioning said optical device to said |location of said
plurality of spots of biological fluid sanples; ii. scanning and acquiring
i mge data of i f_bi ol ogi fluid sanples _.gn_sai o ica

8a L. r[sh% &H.lg ]B ox%ax?c% g)z%acﬂ?gn gl A gﬂgrplgc é%lg O;Pr,rayag%blfe iftl}ﬁger

substrate; iii. “serding said I'nmage
anal yzi n%wigegg@ggalg%psub;gatem&net hod in accordance to claim 11 wherein
[ furth [

said step 1v. fu er conprises: 1. defining region of interest; ii.
differentiating said spots of biological fluid sanples from background of
said spots of biological fluid sanples; iii. determ ning spot

char act efd. st i ddie appemtuscmgeataes syithraleinm8wdiereire s4id ,eactnof said piurhidtyi 6fy i v.
conparing spot characteristics with a predeterm ned set of specifications;
: 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.

f. re-spottin_g on locations where desired spots of biological fluid samples on
said biological substrate that do not meet a predetermined specification

using said first configurable spotting pin assembly.



v. sending a software marker of said spot which fails said predeterm ned
set of specifications to said processor; and vi. recording said software-
mar ker. 13. The nethod in accordance to claim 12 wherein said software
marker conprises: location of said spot, said biological subkD(a}ies where
said spot is on and said spot <characteristics. 14. The nethod in
accordance to claim 10 wherein step f rther conprises: . receiving said
software marker for said spot requiring e-spotting; ii. extending

sel ecti velly i ritieprethedin accemlancestd claad0 wireeis paid ttepg. further coniprisesdi ppi ng
said at |east one extended spotting pin into array plate; iv. positioning
sai d configurabl & Jwsitioning spidoptissleddrliog to saiddpention odtshidrplurahty & spps 005 24
V. re-spotting said. hiological substrate by lowering said at | east one
extended spotting Biplagice $aRless ai d bi ol ogi cal substrate at said

I tion; 15. Th t hod i d im 10 further. i Si th
Step: g furt her tproVRE ELRGORBA ARG APy A 0t IOIGE R AL and
a washing nodule %%@{dﬁbﬁgigaﬁsu‘)%ﬂaw mani pul at or having an end effector

[

adapted for coupling to saPd coniigurable spotting pin assenbly, a holding

station, a ultra3sQehding 88 MRhge AitdBLEH petlelsopRflga vacuum dryer. 16. The
nmet hod i n accordance to cl ai mg15 further conprising the step: h. perforning

a washi ng cycl e bn asalydingissidtimagedatgur abl e spotting pin assenbly now
soiled; i. engaging said second configurable spotting pin assenbly while
step h. is still being perfornmed and j. repeating steps b to d with said
second cor}fi gurabl e spotting pin assenbl )il L. . )
12. 7 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;
ili. 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 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;
iii. dipping said at least one extended spotting pin into array plate;

iv. positioning said configurable spotting pin assembly to said location; and



| T The nmethod in accordance to claim16. wherein said step h. further
conprises: i. transferring said first configurable spotting pin assenbly to
said holding station by said first manipulator; ii. conveying said first
configurable spotting pin assenbly to said ultrasonic cleaner-3 DE0 2005
cleaning said first configurable spott?gg pin assenbly; iv. imrersing said
first configurable spotting pin assenbly into said water bath; v. drying
said first configurable spotting pin assenbly in said vacuumdryer; and
vi. transferri ngv.saé-dpdtiing said didlogjcal sbbstragpby towegingisaidaat leasb lope textesdgidd

hol ding station. 25 DEC 2005 18. A nethod for spotting a plurality of
spots of bi ol ogi calSPeting ginstaeepiast sapl biologicel whstrals alssidlopatvnegi cal
substrates using a first mani pul ator coupled to a first pre-cleaned
configurable spotting pin assenbly having a plurality of spotting pins, a

second ani iy 3ty GOURLES IR0 AR 1 5 Rl 644 WESng module having a

second pré-cleaned conflg e Spottrng pin assermly’ahd a processor,

sai d method conpgi Sk : : j fﬁﬁﬁ& -' 3ea‘rﬁl|

configurabl e spo%'ti ng 6%?5‘22 Er%ﬁﬁdlgs %p%’)@%s sal aﬁ%%ﬁaa |[ty oﬁ‘eﬁ%glgltgti ng
pins of said confi ghidald cngiRirgt Bghipd man%wﬂaﬁn'?%%ndrbfﬁéfoﬁhd téd €or C.
positioning said configurable spotting pin assenbly in a desired |ocation;
d. spotting said bicongnigctal sasdibarifigatablebspolttinge pinngsssmbly, @ holdingt statmwh, a
spotting pins to contact said biological substrate |eaving a plurality of
spots of bi ol ogi camltrarspmpalegmrpznygteogatban@awa@magdrc:@n- substrate; e.
perform ng a washing cycle on said first pre-cleaned configurable spotting
pi n assenbly now soil ed;

16.  The method in accordance to claim 15 further comprising the step:
h. performing a washing cycle on said first configurable spotting pin assembly
now soiled;
i éngaging 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.

17.  The method in accordance to claim 16 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;

iii. 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.




f. engagi ng said second pre-cleaned configurable spotting pin assenbly
while step e. is still being perforned and g. repeating steps b to d with
sai d second pre-cleaned configurable spotting pin assenbly. 19. The net hod
in accordance to claim 18 wherein said washi ng nodul e furthena,ggﬁ@p%ses: a
third mani pul at or having an end effect £ adapted for coupling to s
configurable spotting pin assenbly, a hAolding station, a ultrasonic
cleaner, a water bath and a vacuumdryer. 20. The method in accordance to
cl ai m 19 Mher &\ methodl for epotingf arplheality ofpspoteof biologicaln8fidr sanilessét @ fi r st
pre-cl eaned configurable spotting pin assenbly to said_ holding station by

sai d firJRicrearppon abinlogical subsirates ysing adustananipulatongaupledde A dustalertieatsdanl e
i i nbl y. i d I i .- 3 DEC 2005 26 i, .

P oani ng CaffiHie Spoting’ oRb sy ARG 2oPLUraRt: bf SgOBPR 20Ser Seod,

: . NN ¢ T | . . !

saa waraih el (OBt 6 & SANGHARAN, h WA inERRE biill B LA iEERIckd O

pi n asser@ahﬂgdrauég{f” tin g&%@rﬁs%%a agmeé@'or, shidFRShG Sdristishi Me blepsst

pre-cl eaned confi spottihg pirn assenbly to said  holding station

21. A method foraspagiddifgsaid fitstpldléanedéorFigaiabledhotting paGissahbly;l ui d sanpl es
on a biological substrate using a first manipulator coupled to a first

confi gurabl e spob.t idippimp daitl pliwaliiyngf spetting pims of paidt configurabld egpottingi pig spot s
of biological fluid sanples in mcroarrays on said biological substrate
and havi ng means f @ssegdileinto gepiray plapot ti ng or re- depositing i ndividual
rsngﬁ;[ [S)uf)];lt glr ol ogi C.alpogiltigliligg %glﬁglor?islgu%%lg sl;soz%tiirgg 191}1 glss%%ibfyailn aS ets)f?éd’ I%Ezgfon;a second
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.

19. The method in accordance to claim 18 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.

20.  The method in accordance to claim 19 wherein said step e. further comprises:
i. transferring said first pre-cleaned configurable spotting pin assembly to said
holding station by said first manipulator;
ii. conveying said first pre-cleaned configurable spotting pin assembly to said

ultrasonic cleaner;



coupled to an optical device and a processor, said nmethod conprising the
steps: a. engaging said first configurable spotting nodule; b. |oading said
first configurable spotting mbdule with said biological fluid sanples; c.
positioning said first configurable spotting nodule in a desgg§$£r@ ation;
d. spotting or depositing said biologi gl substrate using said |Z
configurable spotting nodule; and e. inspecting said plurality of spots of
bi ol ogical fluid sanples on said biological substrate; f. re-spotting or
re- deposi ti ng oniil sdegningseidiifretise-gleshedepnfigumble spotingpingsssaibly;f | ui d sanpl es
on said biological .substrate %hat do not'qggt a_predetermned . . ;

speci fi cation usPndm@srsing said firg prerelganed spadl ¢ $PeYIngdR pesembjrdntosaid 27
22. The nmethod in accordance to claim 21 further conprising the step: g.
further providing Va8 configurable spotting nodul e and a washi ng

rocl s comur1 11 vkl ik AR U AR R RS gL o

ultrasonic cl eanerycgumalhef: Hath and a vacuumdryer. 23. The nmethod in
accordance to claim 22 further conprising the step: h. performng a washing

cycle on said fivisttraasfRirimguarifist S QldaheDcdifidiable3potting il &embly ©NGRIOI Ng
sai d second configurable spotting nodule while step h. is still being
performed and j. rdpehng sigtimt.eps b to d with said second configurabl e
spotting nodule. 24. A nethod for spotting a plurality of spots of :
biological fluid sanples in a mcroarray on a biological substrates using

a first n?lm puA %;[e rodcfgll'J ggo%tgng t? pl%raflft}E (S> sp%iseo-f%licﬁggr}gﬁ 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;

¢. 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 spofs of biological fluid samples on said
biological substrate;

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 using said first configurable spotting module.




configurable spotting nodul e having neans for spotting or depositing spots
of biological fluid sanples in mcroarrays on said biol ogical substrate
and having nmeans for selectively re-spotting or re-depositing individual
spots of biological fluid sanples onto said biological substrRDE} J585
washi ng nodul e having a second pre-clegged configurable spotting pin
assenbly and a processor, said nethod nprising the steps: a. engaging
said first pre-cleaned configurable spotting nodule; b. loading said first
confi gur &2l e dhemtdatingl inadcdrdanvettdrclaan @1 hartieo goropdisidg thedtepsanpl es; c. ‘
posi tioning said configurable spotting nodule in a desired |ocation; d.
spotting or depogi ffumthersprowidingop sgrendl cenfigurablst spottirign guoduledand; pswyashing

b e- ol eaned conti qURABICEIER3 (b I R [SBPEH: ol e S atEs s

TSUati 11 bei ng per FOPILG Gragoanay At Badp o g RAvE 4 WrauBha” ©
- cl d fi i Th t hod i d t

pre-cl eaned con |gg¥%9%%%%35%%ﬂﬂg%%ﬂg&§r e method in accordance to

claim 24 wherein s ‘conprises: a third

mani pul at or having an end effector adapted for coupling to said
configurable spotting nodule, a holding station, a ultrasonic cleaner, a
wat er bat23. and’ha methwiinraccoriaice t@ 6laind D2 furdichosnprisiggthosgpnce to claim 25
wherein said step e. further conprises: i. transferring said first

pre-cl eaned confh.gpedbineing govashing ayoldnesaidbfisshiconfiguedblt spytiingampdre B9wsai d
first manipulator; ij. conveying said first pre-cleaned configurable
spotting nodul e toSeUsds

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.

24. 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 biolbgical 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;



ultrasonic cleaner; iii. cleaning said first pre-cleaned configurable
spotting nodule; iv. imersing said first pre-cleaned configurable spotting
nodul e into said water bath; v. drying said first pre-cleaned configurable
spotting nodule in said vacuum dryer; and vi. transferring_'qﬁ@ ﬁﬁrst
pre-cl eaned confi gurabl e spotting nndu?g to said holding statlog. 27. An
apparatus for depositing a plurality of spots of biological fluid sanples
on a plurality of biological substrates, said apparatus conprising: an
array tabl e for Suppgagingrgidseepnslauercieanpdsantigysible spatting afodple gyholgistanl e.
substrates; at |least fwo, confjgurable spotting nodul es each having spotting
or depositing neands stdlger ##d depositing said plurality of spots of

bi ol ogi cal fluid | id plurality of bi ical substrates: - 3
DEG 9005 20 Sai- SPGB orng LonRrilh ooty o Plgt e Bl PhEhena ng

spotting or depos%&;ﬂg means bei ng capabl e of selectively re-spotting or
re-depositing indivi c(llua[ spots of biological fluid sanples onto said

bi ol ogi cal substrates; a first nmani pul ator having a qui ck change devi ce
adapted for coupling to one of said at |least two configurable spotting

modul es @3d f dthep@gihbt ol Bgofdant @B eclsiin 941 wheiéin! id twdshing moddle durthdal e
spotting nodules to deposit said plurality of spots of biological fluid
sanpl es compsisisd apkhirdaimanypuddtobihatingi amakend wifsttontadapted e cwnplingatd paidat or
adapted for _coupling to an optical device for positioning said optical
devi ce f &P ﬁ@%@mna@qlﬁ i hedding statignea ghirasonie cleaner, pIwiaten bath apd aspot s
of biol Qgi cal .fluid sanples on said plurality of biological substrates; a
processor iR fyehenory neans for receiving, processing and storing inage
dat a

26.  The method in accordance to claim 25 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;

iii. 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.

27.  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;



fromsaid optical device and for controlling said first mani pul ator, said
second mani pul ator and said at |east two configurable spotting nodul es;
wherein said processor upon receiving said i mage data from said opti cal
device processes and stores said inmage data for detectings 'D@ﬁ'%ﬂkons of
desired spots of biological fluid sa {)es whi ch do not neet a

predet erm ned specification on said bi6fogical substrates; and further
wherein said processor further controls said first manipulator to position
sai d one of sa#id ait l¢astswot wonfigundftilegspatting spdules rgrtherd tlawisg t spottaigd or

| ocations of said desired spots of biological fluid sanples which do not
neet sai deprsdingieeans heigg sprablerafcselectively apgpoting et re-Jepoyiting indjvidual spots
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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
seléctively carry out re-spotting or re-depositing of said desired spots of biological fluid

samples which do not meet said predetermined specifications.



