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Angl ysis of nolecul es Technical Field The present
invention relates to nethods for anal ysing,one or nore sanples in an
array of sanples, preferably bioinolecules, and an apparatus 5 for
carrying out these nethods. Background Art | nprovenent s
in laboratory techni ques and pract ij’ﬁﬁﬂfr&i@\tﬂ‘mﬁmchkd he di scovery of

an ever incre iﬂc' ngﬁeir; of new bi onol ecul es. New protein
purification ' n nmet hods, for exanple, have allowed the detection
10 of many possThkypresatpnotetios relbtes toamehend safoy @nalysieg oné ok mowe
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di ff erents frofokerwpingsiddhessmetodsarry out definitive anal yses for

proteins for @é@g@lo%nithftS necessary to obtain am no acid sequence 15
i nformati on. OnfOF]

funately, current net hOdf and appar at us f%é S c(£
anal yses are sl ow HRETQyesNgHs g dahrairyAgghpianes sadopragticgg, %gq to the one
time. In ordediicdvesy b¥anebvepitahyssifg dfuntbdli oftiew bab@olecitlefr N8@Nprdtéin S
necessary to obtﬁl nt.t he gc{jgtel in _subst apti al lni pube anﬂ |salt tzﬁetfcgrm
There is a ne@¥HiAUREAHECREHORIBE s IR mRls. haus glawsdhg sty
sanpl e froom awnf anamy podsilslympdve proteibe Blkdotthe dageysenbel of khewsanpl es.
The present | SO, © | . A ' :
| mproved net h%‘gﬁggﬁ ‘é{)%gf‘ast us gg?%éa%?gu% g%&r‘?‘i‘ﬂ%&‘?&f égé&?%/%gg&g’?éﬁgl
anal yses. discoveied pwlecules tq dotenming togvhat extent theytpgc simslento pavent i on
rel ates gener aliffyrdn® fi8th Q@i Blolénaky s Todadty out definltBRSind1PSesSRAPI € in an
array of sanples bé fe_cordlﬂg.gn | mage of tt}{e osition , of at |east
one sanpl e relPAPIEVRS 1 PRREAEIS ‘é%‘ﬁ'%?%‘é’ torPRiRE aming agitysqauence; ng
the recorgled iinfgmationasUhforahhatalyt, karsenivsitodefanidepmairatusafol saolke sanpl e
In situy. . . R t I nt .l
consists in a aﬁéﬁ%’%& afeo?low amli QIégﬂélS{é}it’l.r?ggaatq&ﬁ%saes&?%ﬁlegzg"r‘r’pﬁaggb:{lgpgk8§?r ay
of sanpl es, tHKoneelhoddénto aringut analysistdfea givepprotein at present it {sq)

recording an il{égesesa% tc?]gﬁtériﬁsth_ﬁip?@te?ﬁ iﬁ“sub%%?ig?@f‘ﬁ@?%cﬁsb 184 if¥8nt O
th

it Prgggt 2 gr a: a{r&%ﬂsrﬁ issr/lva%wedisgg%hgiﬁﬁnéﬁpaaratus atr%aag'@%lgg@ gagél[?gﬁgégiegn of
reagent szd¢ 0 t hangile fRAGanCeaysafBple? dilidlablent analyse multiple samples.
The present inventors have now realised that it is possible to develop
improved methods and apparatus suitable to carry out these types of
analyses.

Disclosure of Invention

25 The present invention relates generally to methods for analysing at
least one sample in an array of samples by recording an image of the position
of at least one sample relative to the other samples in the array and utilising
the recorded image so as to allow the analysis of the at least one sample in
situ.

30 In a first aspect, the present invention consists in a method for
analysing at least one sample in an array of samples, the method including
the steps:

(a) recording an image of the position of at least one sample relative to
the other samples in the array;

35 (b) utilising the recorded image so as to allow the application of a
reagent or a succession of reagents to the at least one sample in situ; and
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(c) anal y"gleﬁg/ﬁ?ﬁ% at | east one sanple for a reaction to orPGH4H80§65

reagent (s). In a preferred form the sanples are bionol ecul es ¥
selected fromthe group consi sting »f proteins, peptides,

saccharides, lipids, nucleic acid 5 nol ecul es, conpl ex bi onol ecul es

i ncl uding glycoproteins, and m xtures t hereof . The bi onol ecul es are
preferably separ at{eharalysimgdhatasdeassiopetsample for a reastiantcor withothesanpl es.
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preferably el ec
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pref er r B4 emt5oRf OT§f15t he present invention, the inmage is
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association with a second biomolecule which is coupled with a third

biomolecule, dye, fluorescent group or metal. The array of samples is

25 preferably in a plane in order to assist in the recording of the image.

In a preferred embodiment of the present invention, the image is
generated from a scan of the samples stained or illuminated to allow them to
be visualised and the application of the reagent or reagents is carried using a
chemical printer based on an "ink jet" or similar application system where the

30 reagent or reagents are discharged to the desired sample by the chemical
printer.

It will be appreciated that the array to be manipulated may not
necessarily be the array from which the image was obtained. For example, it
would be possible to make multiple identical arrays of samples and use one

35 array to obtain the image but use one or more of the multiple identical arrays

to carry out the manipulations. For example in protein separation by 2



to carry out the manipul ations. For exanple in protein separation by 2
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di mensi on pol yacryl am de gel el ectrophoresis (2D PAGE) one separation gel

may be blotted to nore than one support or “multiple identical separations
carried out and each transferred to a support to formthe identical arrays.
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the lTocations Rotocrﬁlenncal laser, radiochemical, or mass spectral analyses. It will b
y e
appreciated that the sample can be analysed direcily for a given reaction
25 product.

In order to generate an image of the samples in the array, it is usually
necessary to make them identifiable in some manner. Labelling the saimples
with a visible marker is one example that would allow the visualisation of
the position of the samples with a charged coupled device (CCD). A scan of

30 the labelled samples would then be recorded digitally and stored in a
computer for example. Once the image has been recorded in digital form for
example, there would be no need to maintain the visualisation of the samples
on the array as the image is maintained electronically. If the locations of the
samples are recorded on an X/Y grid, this would be one -way of accessing the

35 positions of the samples electronically or digitally. The computer would also
control the application of the reagent in step (b) to the position of the sample
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sample.

A suitable chemical printing system for use in the present invention
involves the use of piezoelectric drop-on-demand ink-jet printing technology
for microdispensing fluids in DNA diagnostics or the Combion, Inc. synthesis
process called "Chem-jet". To explore drop-on-demand fluid dispensing for
DNA diagnostics, an eight fluid printer has been developed as part of the
Genosensor Technology Development (GTD) project funded by the National
Institute of Standards and Technology (USA). Research to date has focused
on "printing” oligonucleotide microspots onto solid supports. In the "Chem-
jet" technique, which was developed at the California Institute of
Technology, tiny volumes of reagent-bearing liquid are squirted onto specific
spots, or addresses, of a solid substrate much as an ink-jet printer squirts tiny
dots onto a page. By repeatedly returning to each address with one or
another of a small set of building blocks, in this case nucleotides modified for

this woul d be one way of accessing the
pos f the sanples electronically or digitally. The conputer
8&6 Kb control the application of the reagent i P05 o t he

he pr esent

-



jet" technique, which was devel oped at the California Institute of
Technol oYy, 9847806 vol unes of reagent-bearing liquid are sqURGHAUISNIEE

s ecific spots, or addresses, of a solid substrate nmuch as an
ink-jet printer squirts tiny dots ogto a page. By repeatedly
returm ng to each address with one or 35 anot her of a small set of
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addi ti onal pempnmteatate@&hmtf sudieapaliys¢ ecaiabe Cpnslsml‘:dcbsequentlallyl by theThe

anal ysi s of p&ﬁ)‘%ﬁ]ﬁi@ﬁ p% rh?-,{ V\%nﬂﬁmtﬁtﬁﬁ?c%%o%' rgfeﬁltescl'fé ﬁgghg&lt&h(sqsls%e scale

smal | nunbe

rel eased ani nE alﬁlnd%hefmlfrhkm Ccsﬂenun@} c}w@rﬁtsst @1} a&k@ﬂéﬁmsw@@amg rbg 'fl‘/@ser

20 dggor pt ﬁgﬁeﬁ%nyﬁe]e@tﬁgﬁgwﬁg | on wi th bioinformatics approach to
identify protej.n. macr onol ecy for exanple

conpl ex car bohydrMY@(@IFIPB?HRelmUta“OIM éﬂerpa%}étebé%p%%ialeat ed on thin
| ayer chromatjgr aphilie @haBisieof pew@éd §fte1 endoprotéinhse Bifest Ok ethgds pdrei ns,
detected by absepc ﬁ a) m na_ac ; i ntf}i‘(ﬂnt he, fi r.st. CMC| e
of Edman chentBapyrughgny ﬁﬁgﬁmwwgﬂmw i B Etfobd] Gybhlisty
endopr ot ei nasmledsnd awnimygacids favmesich o stiphemistiy arehanalyabql asingdlaser a
printi PQ of 328b, PRBnoFO¥RR 1?1%8&%1&%&91%5 h"‘ﬂ'o?ﬁ'ﬁ ﬁla?ﬂa?%?&)'r Pfo fentif

particul’a sequence not or exa ovm n pr ot el nase
Asp- N di gestlﬂhaplo’[em and one cycle (or "printing') of Edman chem stry,

the support if)pri@Qtiest Wakfbmolecules, for example complex carbohydrates and lipids
which have been separated on thin layer chromatography or other supports.

iii)  For blocked proteins, detected by absence of an amino acid after

25 printing the first cycle of Edman chemistry, the support is then printed with
an endoproteinase. Following the digest, the support is then subjected to a
'printing' of an end group blocking reagent which is specific for a particular
sequence motif. For example, following an endoproteinase Asp-N digestion
and one cycle (or 'printing') of Edman chemistry, the support is printed with

30 o-phthalaldehyde (OPA), which blocks all a-amino groups leaving only
peptides with an N-terminal Pro. Hence, the process is specific for the motif
Asp-Pro. Alternatively, following a trypsin digest, a cycle of Edman
chemistry and a printing of OPA, the process is specific for the motif Lys/Arg-
Xaa-Pro. These unblocked peptides can be analysed according to {i) above.

35 In a second aspect, the present invention consists in an apparatus for
carrying out the first aspect of the present invention.
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An apparatus for | ysi ng, at Iez(aist one sanple.in ap, arr of sanpl es,
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extractilfn  scannejephetodessrdnl.cnst Ch%‘iﬂ&ﬁrﬁoh’@lg%ﬁ’@?i on product from a

sanpl e on the arrayeaas (b) may lsPachemideVpaatdradagest tPhpplythild ¢bi sor@venent
fromthe fluid sourc 0 the fluid delivery .and sanpl devi ge and
for control i REEFPH g’ ﬂbev%ﬂ]te' fplffnatively, Wg%i#)p‘fséi gagﬁte&eg&e%gp on
devi ce vi a t hexfrhciidn delvicecinglatdicgsafipid sgus, a flué\dontrol whemsi a fluid use,
[ 1. EaPabl o5l PYE o BRI OR AL 00 s BRI B
20 for sampling fluid applied to the sample on the array, and an extraction
device capable of retaining a reaction product from a sample on the array; a
control device for controlling fluid movement from the fluid source to the
fluid delivery and sampling device and for controlling fluid movement from
the sample to the extraction device via the fluid delivery and sampling
25 device; wherein, in use, fluid capable of producing a reaction product from a
sample is applied to a sample on the array from the fluid source via the fluid
control means to the fluid delivery and sampling device by the action of the
control device, and wherein a portion of the fluid applied to the sample is
drawn through the fluid delivery and sampling device to the extraction
30 device by the action of the control device.
The extraction device is not necessary for the present invention but
may be useful when certain analyses of treated samples are required. For
example, the extraction device is particularly suitable for introducing a
sample into an electrospray mass spectrometer. The extraction device,
35 however, may not be necessary for introducing the sample into the MALDI-
TOF as this instrument is much more tolerant of salts.
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invention is that veyAisHapf sunRigsds preterably pia semisglidny subgtaniialpssqlid
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Throughout thi's specificatipn “un .context requires otherw se;
the word "conptiosdd, togt0 mun|. altiveilkbe apRresiated o hppieyes that evempmatler ng
will 20 Desaunsies sh308e hAalydbd bytthe presditsneBnabna stated el ement,

I nteger or step, OrThroughout this specification, unless the context requires otherwise,
the word "comprise", or variations such as "comprises” or "comprising”, will
be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other

25 element, integer or step, or group of elements, integers or steps.

In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following examples
and accompanying drawings.

Brief Description of Drawings

30 FIG. 1 is a schematic representation of a preferred embodiment of the
present invention showing the process of obtaining information on an array
of components or samples by way of acquiring or recording an image of the
position of at least one component or sample in the array and utilising the
recorded image so as to allow the manipulation of the at least one component

35 or sample in situ,



group of elenents, integers or steps, but not the exclusion of any other 25 .
el ement, J or step, or group of elenents, integers Qqr_steps.

I n order ﬁgfl%h‘se present invention nay be nore clearly 'uﬁﬂ/@'ﬂ%@&?“
preferred forms will be described with reference to the foll ow ng exanpl es
and acconpanyi ng dr aw ngs. Brief De8cription of Draw ngs 30

FIG 1 is a schematic representation of a preferred enbodi nent of the
present invention show ng the process of obtaining information on an array
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bei ng direct eBeiby dibk:t6@®yAhBaRSdidfatdd6f Rl R 26 ROkl PadPllifowAMN in
15 FI 3b FIG 3d is a schematic representation of the
treat ed 1pr ot eFW‘s%H‘rpl e being directed by the coordinates to be

"in-line" with a |E€:8dheanschématicaspresentation dieder peated pratdn speple onet er .
e desorbed, B B8y LBl Gy v RSB o,
MALDI - TOF masdesgiptionanass snevinemeetehaThe desorbedapoducigaierdgiepted diysa mass
desorbed di r eghdotrdihefr RUBR nfEpPs 8RS ]ieWhtA mafagdfhent system.

20 FIG. 4a shows a MALDI-TOF mass spectra of human alpha-1
antitrypsin peptides desorbed directly from PVDF membrane using a 337 nm
nitrogen laser.

FIG. 4b shows detailed isotopic resolution of peptide 1641.86 m/z
desorbed directly from PVDF inembrane using a 337 nm nitrogen laser.

25 FIG. 4c shows detailed isotopic resolution of peptide 2090.09 m/z
desorbed directly from PVDF membrane using a 337 nin nitrogen laser.

FIG. 5a is a schematic representation of a mechanism for delivering
extraction solution reagent to a sample on an array.
FIG. 5b is a schematic representation of the mechanism for picking up

30 a liquid sample from an array using a piezoelectric device.

FIG. 5¢c a schematic representation of a mechanism for washing a
sample concentrated on a reversed phase packing support using a
piezoelectric device.

FIG. 5d is a schematic representation of the mechanism for eluting a

35 sample concentrated on a reversed phase packing support using a
piezoelectric device.
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pl at form a plyrali chem ensi ontro

Bl dral ity o i i 200G ResGOnsf it aoepddh B e adlislahly Jup or
control unit &0f5eMahid an insayel 30Eis eﬁﬁﬁurem]nahditldakﬁarmthtwﬂlescahputmm@ﬂh
The array 100 | e

arm 500 and af SRRSEUB6EET hRuBied DGR PRy UT1ARSE SLARLE Boteiy .o
a digital imadg®0 wher theexg@rdmaées ﬁéeaﬂnt:@mppaeado,ﬁw%lmnaymg@tlanafqrmesl to
system g values that reflect the true x, y, z axes. Alternatively, the image stored in the

computer 400 is used without interpretation and the coordinates of one
particular component within the array 100 are used to move the x,y.z
adjustable table or arm 500 which carries a dispensing head (jetting device)
700. The dispensing head 700 is under the control of a chemical dispensing

25 control unit 600 which is controlled by the computer 400 and dispenses a
reagent onto the selected sample in the array 100. When the treatment has
been completed, the coordinates of the treated component within the array
100 are used to move the x,y,z adjustable table or arm 500 which carries a
analyser 800. The analyser 900 is under the control of an analysis control

30 unit 800 which when selected by the operator via the computer 400 analyses
treated selected sample 100. Data from the analysis is then collated by a data
analysis and management system 910 which is correlated with the
interpreted coordinates of each sample in the array from the image analysis
system 300.

35 In one embodiment of the method and apparatus according to the
present invention, the x,y,z, adjustable platform, a chemical dispensing



300 V\/nere t he coordi nates of each conponent of the array are transforned to-
20 t reflect the true x, y, z axes. Alternat]j | mage
stored i'n djﬁﬂbw conputer 400 is used without inter'p%lgt\iz*ﬁygéf?%%%d t he
coordi nates of one particul ar conmponent within the array 100 are
used to nove the x,y,z adj ust abl e 1mbl e or arm 500 which carries a

di spensing head (jetting device) 700. The di spensing head 700 is
under the control_ of a chem cal dispensing 25 control unit 600 which is
control | ed byoriel vbipadispessinghendinsgapsasyoly, and an anadygpanall simdsrthe

sel ected sanpbgirblof HeodH] Lﬁé!l 19%00011@% BICe 2 "EiRé HRAY 102Sis flxed onteeen

conpl et ed, th oordbg g,? of hr eat ed copponent " wi t hl@ arra

100 are usedp 20¢n & he inage of;the axmye192,15 acqgyired: Haghgi %ﬁ‘?ﬁé’ﬂ"@a ries a
anal yser 900207 h&henatyssenz H0NluminMmedvid Heanei flakh @ extermabtyisgstergont r ol

anaI yseg’I t SPampa ?ég‘t ?}%gﬁ%&%gﬁfﬂg’éﬁ%r%ﬁf’r?&e atfgfrnre\f%%)% H‘g t@%ﬁ?ﬂ%@e‘@efgot hen

col | ated by a0Zaflhe image is pmatessed aaddmporderb it cigkoam-9pot" shitwtare s

correl ated wyd [ r FRHY i the
array fromt hﬁeﬁl #’)rg&%gsfaﬁaa ;Sllsaltés}t ﬁremﬁgg%d@&ep&gl@@gﬁa% Tt t%aaﬁﬁﬁgtnég

enbodi ment oﬂ“h@héhﬁlépﬁo%rsa%fd saﬁwawﬁmawﬁﬁddt%@l% th¢ydispensing devdse 702

|9 g}/i% Io on, tkethe ¥elécteddausilalthahladtalyorimanex, §haov4ak b %IGQ“SFI’&QZ g/ \6\8265
10 10 comvesenhrfithe dispansing AryicR 08 e rlé%érwrlfmga%wa%saﬂawser
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processed an orted into on- a-
transl des t SR DSiCemasH SR trIReateT; ﬂ&) THBaRkY X:@?ﬁ'%ﬁ ﬁ%@.lé‘énates are = The
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rovertent of EHecaraRan Rifti et o, drife BRARERERle Biitndleatnor
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scanning and capturing as a digital image. The image is transferred to the

computer and translated to pixel coordinates (FIG 3b). An image of the array
25 is now acquired by transforming the image pixel coordinates 104 into robotic
coordinates 106. Protein samples positioned in the array can now be selected
and the coordinates of the selected sample are used to drive a reagent
dispensing device 704 to the selected protein sample where the reagent is
dispensed. The treated sample on the array 108 is now moved to an analyser
30 802, the example shown is a matrix assisted laser desorption ionisation - time
of flight (MALDI-TOF) mass spectrometer. The treated sample is positioned
in-line with a laser beam 804 using the same robotic coordinates which
drives the x,y table 806 of the mass spectrometer 802. The desorbed products
of the treated sample are detected in the mass spectrometer 902 and the data
35 is transformed in the data management system 912.
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a reagent - 3stickisgrtppedThesparsifasivers despibed usiig $37 par pjirogsiblasghand

trypsingg1% ( rattibhQfode 16G; ty\d is e Htbé bypH
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(e PO DL 0e SAGBLn LA EEAATED B gepmeiqfidpe AR RESY 1o
repeated 4-5 téagest aRdmsanigling reactioneprdducts frosagdrratedsample & ghawn in
STy FROSSE. At BRa o s AUl gl Ay, 12
menbr ane pept tough a 3-wayyalve 1hbsvigia Bierealachic e vige T 00  SMPPE Shage
usi ng doubl e- ghélefray 108. Thisi fstaduicapay bEhepeanid datl veffR:ieesainpld issi ng
337 nmnitr Og%%akéi(f e&‘hgrbq'oducts from the treated sample 110 are then removed from
the array by switching the 3-way valve in-line to a second piezoelectric
25 device 712 which, in the example shown, is attached to a cartridge of
reversed-phase chromatography packing 718 (FIG. 5b). Since the
piezoelectric device has no moving internal parts the sample is picked up by
activating device 712 while device 710 is lowered by Z-control into the
sample 110. Following sample introduction onto the reversed-phase packing
30 718 where upon the reaction product is bound for analysis, the device 710
and the reversed-phase packing 718, are washed by switching the 3-way
valve 716 to allow a suitable solvent to be delivered via the inlet 714 (FIG.
5c). Itis not necessary to activate the devices for washing, as this can be
done from a pressurised vessel attached to the valve 714. Alternatively, the
35 washing can proceed by activating both devices. The sample is finally eluted

from the reversed-phase packing 718 by introducing a suitable solvent
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PCT/ AU98/ 00265 In one example the method relates to a series of steps foy protein

attached to tRaaMalyvend I €bsciiitbddys REldwat i ng device 712 (FIG 5d).
Alternatjvely,, the,sa ! be eluted fromthe rev_erseq_é_phase pagki ng 718

h |.e. can
by intrdduci ng a sthe BEtEnSJohERalypec Are soRmialer B8 & HOmAles BPhiG d
product is theechidaetadhbys polyacsyairtt elasmryjthdresial | ow its
I dentification. b5 : The. i nyenti;on el ates particularly to the use
of "ink jet" or ot ElelF protetns alper Ylﬁ'}lﬁﬁﬁe%‘%gg C{I()mtﬂs?fjléﬁgémﬁ?ér%‘é)rpgb{ %‘f% of
cheni cal reageisualiand/sorthat the praseiot pathern sarche dstanied meinpa LG tamed es)
ont o prot ei NS aff LOAfehised image THGE P! ﬁc\’éll?ﬁe‘gﬁbg%}:igfeﬁ Heh?g %Qrcan

absorbed onto,a subS§irate. The nvent i so relates I n
preferré® for REBSY bﬁ‘eaw @)Waﬁﬁgé%g@éil%?ﬂfﬂydm dyesadneoipgyatign of a
det ect i ng/ anakysidibirhtifesdehii yiefdNERbel ah O eI URES @R dREWaliTes. fol I ow ng
the chem cal/ %r)lzynﬁ'ler ﬁgggté of" tlf%f él%rtei%p 'clltlt{%%t ilsqgac?g/d ;I?t% acpoe twgﬁal package
where the individual protein spots/bands can be annotated. The image, or a
subset of the image is then printed onto the original visualised support using
25 "ink jet" printing technology where the "ink" cartridges contain instead of ink
appropriate chemicals, depending on the type of reaction desired. Where a
chemistry requires the simultaneous delivery of two or more reagents, one
can see how if the image was recorded or assigned one or more colours then a
spot coloured green results in a reaction on that spot from the product of the
30 chemicals in the blue and yellow cartridges Here, one can immediately see
that spots are derivatised in their immediate environment and the products
of the chemical reaction will stay in that environment.
iii}  the products from the individual chemical reactions must be analysed
using a technique which can be directed at the protein spot. While it will be
35 appreciated to one experienced in the art of protein analysis that the

products of the printer can be analysed using a variety of chromatographic



printer. In one exanple the nethod relates to a series of

st eps f oWWOHsaETeI6N . analysis and is described as fol Imughﬁgozss i)
the proteins to be analysed are separated using a chronatographic
t echni que, such as pol yacryl am de el ectrophoresis. The

proteins are visualised directly or transférred onto a support and
visual ised so that the protein pattern can be detected using a CCD canera

R e
i ncor por at i orflegtraspray masssragtiometissibest teghniguesremdre thedliquidor escent

derivatives. extractiod bf thelplenfeHBE68dAEL hH6r &S Qﬁﬁgaisp%ﬁ%![t@n}%ﬁw‘é}ﬁﬁfé into a

tei n spots/bands can be

. wh di I :
oot oo ggrecicotad B bt e esbints b snip s oba ont o
the original fight {LDEFORuppsy ¢ pacsionge2d. é,DI;-cT(_DF 1h&ds'spRictivimétgy EeR Redagy
wh he "ink! trl taln | ead of ink. approprtate .
chom cals, dnhdRkrdERer i Adpl ATERTR wiabfionysuphePe Hodifisd Smino
chemi stry requ:iidémr{tlﬂklm?amheaﬁetmm)raaldligusyc_:miiaﬂdmfmm aeneogbhageitdase one
can see NOW i dighdp ok TRITeYAMINE SALIRGIMOIBIALANRS 1 ONSi Al (RECROUr S Lhen

1 as 1
a spot  col oure reen.resu rea N on Spot 1’reromthe

product of tH&ozened pretsindallowing Esenan ghemisiry ek thaglymoproteie foliwring one

can i mygli at geleas@®f the N-linkBalsugRa) s ’Fl‘l%%lfﬁ‘?%éi&’%hh%%@ui‘ i §5368] Whefd'RE ate
envi ronment and t he, prodt%ct em cal reaction wll stay in

S f.the c , |
that envi r onrgiyport is transtpyred tPﬁeLW‘%Qﬁ:@%d F}P%E}Sﬁﬁé“ F}Hﬂ] gﬂi“d@dltocﬁﬂé}’fis@él
reactions mnusisihg thedi $1|e§|d image Iolf lﬁ%é Bfigehdl @aPBRbAYEY \/‘Mt %gqlfbc%g%hrpﬁgg'eﬂrri@ﬁggd
t th tei Qt . ile it, W e, ppreciated fo, . _
?n thg g;? o:‘l{]aﬁfeggeclaﬁl OHBIPLEWiR S‘t“r‘i%b emagP’PB’rISbl %ﬁga’fyﬁlw@mﬁ}g 1¥F can
be anal ysed uberignisatign afttheamatyieoths dgteapdcMALDI-TORBIS) tHd6ix assisted

PCT/ AU9g{ 002 . ntian fanicatinnfi : . 13
t echni qﬁ{es, Sgsceh1 desox tlmll mIrnsatelPl,elg%nrag Oﬁ(glrl%létl Isnas Fgletl:télo lgﬁFrg'mat ography and
¢

el ectrospray i%ssﬁﬁ%‘c%‘%ﬁﬁf&%‘?ﬁ“irﬁé@ urtheR ey gleeet gﬁjnisﬁl‘éf thigempmirane can
5L o o e ekt el s it LR L L
1 €11 2 OB B 58 Bl S S L
det ect ~ nwperpushproeiod simudtaneheslyheni cal / enzymi ¢ reaction (sggh ??oﬁq
2 endoglycos! dase [ PAAKE i COMTAIFCRREILE il d n Rl 8 BRI el aticiT o
reaction (sucH cgstaim@rotein spotsh srucinbike prdsawiing povgrem saclEdsrGorediBravet ry or
the gl ycopr otEidphéhdgevhBdever, will have several preprogramed methods for reduction
and alkylation; endoproteinase digests; endoglycosidase digests and the
Edman chemistry as these methods are routine in many laboratories and will
25 be used frequently.
One example is the Edman chemistry, which is known to perform at
high sensitivity on stained protein spots but must occur in a heated,
anhydrous and oxygen free atmosphere. In this case, the printer should
therefore be enclosed in such an environment. Four-colour ink jet
30 lechnology allows precise mixing of reagents. Four reagents are necessary for
Edman chemistry: R1 (which is phenylisothiocyanate or a isothiocyanate
derivative in heptane or acetonitrile); R2 (coupling base); S1 (ethylacetate);
and R3 (trifluoracetic acid). Following cleavage of the N-terminal amino
acid, the support is moved to a laser desorption mass spectrometer where the

35 released modified N-terminal amino acid is detected. The membrane is
moved back to the chemical printer, washed with S1 on a vacuum manifold



10 rel ease of the N-linked sugars). The analysis can occur in situ,

wher e theW 98/47006 SUPPOr t Is transferred to a LDI-TOF and the |laser is then
guided to 238 spot using the digitised i mage of t h%CB’PP&/%?S
support. Wien necessary the protein pattern can be printed with a
suitable matrix prior to analysis which asgusts the ionisation of
the analyte: this is termed MALDI-TOF M5, matri x assisted 15 | aser
desorption ionisation-tinme of flight mass spectronetry. iv) If the

anal ysi s requitpasmevedhenemainisigaredtaseianvdifiefd exvessraminansitand a secondbe
prepared for q-oﬁﬁamlﬁﬁmlgtgtyl-tanﬂopmagee@}]@g%ug prdidises m%s}ggﬁo&xrb%d no

equi val ent .of ap Edpan sequénat or but one l.o t he guencj ng of
nUNEr ous pr ot SEHRESEH RHRNS Jngteagof a second cyclpef Eﬁsmﬂrb‘?h?l@sé%ﬁh?@rare
cont roll Edh\/\T_ESL\ﬁjéd”tEto&Qéd%@é vaaﬂolr@%nﬁ:ﬁé 5600 Froduce PYptikst qiTlrthnerWh i
spots, nu ike a dra rogram su re aw. ckage,
moever i | ihoasBLSHh BvbB A BEaEY dhanabises R e Habe antamated. PRiEng
al kyl ati on; enuekeopessibledarfegesisanalydey! ycosi dase di gests and the

Edman chem stry as r ' ' t @ | L]
25 be used f reqt}teﬂr%teﬁ%@l.alr,r&é,éaﬂ.fj Hof t?cl‘iﬁ’%tqogQ Zigi;ed e i?sbtg E@E%d%hqgﬁﬁnﬂg% Y,
which is knomtﬁﬂowr&r@ﬁmlatn situ and i pgrlliebnHisbpyld §lse ke epareviated thatdhp

spots but nmusty@eiHreinAifnp8ah 86 subject to ABOYAHIOMS, @Rl QXNERA-sb fhcing
at nosphere. Int S, i nter. shou refore,be encl oied

hi s .case, [.he.pr houl d ., the
in such ¥h enARFSAHENE I%PBE&@%R%PC‘F%R Proipingfyr whlﬁhéﬂmaaw deteiefr dti se
rlg'[ Xi nig (()I/vh _reﬁg:aaysbe ilswessargdgenhse edﬁsrtectﬁsglalﬁmrl]iﬁcnfxtraction. Faebiquécheni stry:

err iC - | i n or, a,i.sot hj t i i vative

i n heptane or éé(gle#gln:}{lhe?gglasﬁx%g %%F%On%e gggg?;by 1%?‘2’%*%%‘8(:%&“&%9%
and R3 (trifl uooduet fronathelforréol spki ng cl eavage of the N-terninal anino
acid, the support ig sg@x;(ﬁ% ,Qhé ih@éﬂi?x‘?%% pid o8 %f?ﬁ’ﬁﬁh{egoér"él mither e

d 1 fie 'S detected. T

the 35 rel ease N-termnal amno acid, t ~The nemhrane
i s 15 npv ddNaRgcH & Baleile ware the spmerspporiu Sy wis tused fo disboligay the
mani f ol d iMA 423/ 3ROy to print the chemicals is the "ink jet" technology.

PCT/ AU98/ 00265, . L 1 '
remove the rendd ni iy? iBRes SEibsBnleswgs &g bestudipr is used g Agmplatelong
round of chemi miintingtrawhsle Foietydselgdivecited)ispiast @i naewhsalrspt, @dadleal no

5550 G B O, A L O R ET BA psh
this way2¢t 5 hold qne epsavemldifigranheargpdgesiafahamiglsohabmallymexe thHie can
be automat ed. fdblgtule and prifk®e dR8isBye of altB/1a362] P tied s ¥5&% can be moved
The | aser desotropt 1|eocr21r{r%:ghe?§|. ogy is preferable because, like the printer,
(ii) A derivative or reaction product of the "printed" molecule can be
analysed while it is still absorbed on the support. Laser desorption ionisation
25 technology and a mass spectrometer can be used as a detector to identify the
derivative or reaction product. In the case of proteins studied by Edman
chemistry, it is also possible to quantitate the amount of amino acids, hence
measuring the abundance of the protein measured.
This aspect has been named "dry" analysis as it implies that the
30 derivative does not first need to be extracted in a liquid fromn the support and
subsequently identified. It remains possible, however, to use a liquid
extraction into a suitable collection system or series of tubes as some
derivatives may not be suitable for "dry" analysis.
(iif) Proteins that are absorbed onto a support are first visualised (termed
35 the original support), by using a dye, fluorochrome or radiolabel for example.

The original support is then scanned to obtain a digitised image which is



it~allows analysis in situ and in parallel. It should also be appreciated
that t hewo9s8/47009rotein renmai ni ng can be subject to nass arcu/xE980026551 Ng a

| adder - sequenci ng 10 approach to identify the particular protein for
which the mass is determined. It may, be necessary in sone cases to
use a liquid extraction. The |liquid Txtraction mechani smwoul d al so
be driven by the inmage to extract the product fromthe correct spot.
In summary, P,

| mage of & mi%eh{%ﬁgnk”'sﬁﬁ%%@ﬁc a%%ﬁ%a‘iﬁw gy %“?'Hh@%obt ai

t he i mypei tiaxsecamabe manpilated hEor puainpls, it assigringianicojan® to the
technol ogy. dlgmse&ls}mt ofBaih PRI 511Qf1e Ebﬁlﬂmbﬁﬁ%g‘é Cro%lhe'lﬁk'j'a' e&m&wgyd as
a tenplate for 6ff]ntln ari et sel ective'c mstrle{s‘
one. a sub-setWowd allqw ghe precise R BuR gt é%Pallaut%alé“ 8PoARd thak

jet" primger, shb@eqmﬁm;ﬁﬁitn@g bﬂtl&fse@éﬁlge&ﬂs ontchqlxdoﬁgmacbrsuppmr ahn eixbfiglent
cartridges of pri nt the

chem sy, or tRBRReF (b Sheical B 19Ul Wentisivatiof ot Parlifyifiputtyis

cartr i dge( s) whele an ¢niyme Aubletrateatairtrédger isrsedbstitwied doo due yelbdwtdaetridge
printed” mol & ?cpc%l which d[eet‘&% g@@?nmétﬁlbtn I ﬁraél{xbn"l‘? fetibedng the

support . Laser eso ron ionisa

spect r omet er (,Cdﬁ’flbiseuslé@l% vehegethecelnmical paigvies fSylntS acted to Pllﬂéﬂlg\?ﬁ@i ve or

reacti onypr Od"é?)bt ohtb HiLosg8I1 ShpPoQla@iybstided ?éﬁc@ﬁbngqmﬁbe detected b 2
chem stry,

|SO ROSSI eto a e anount .0 mn
hence PPEEUIG wggh?q%@l Bt AR i g‘? 8?@506# PBP ﬂ@atémléglazo?ylaﬁ
This aspect hepiobﬁeé]s m@nreplle fdrxylazamab/ypl'£‘11asvhdle|prptaese$atnﬁaé rdpeatail for

and o ® cogeRiintbSnERE Prbll e dSaRE Rhe Bulidged bk sbpdHR L0 S

liquid mknodacm @memnsmbﬂlaieu tabl e coI | ection system or series of
t ubes as 1SO0me i i B f . ’Fe@laé IS
(rii) Pr o‘i ei ns thatrrhéa?@eg% ﬁgj ont Sr@&ggﬁlﬁ‘ é%tr)dt 1|e?f'r5 a\g/l:&és(%]g [ seéc/ﬁt'lél
(termed 35  anselagge gﬁﬂiéﬂpﬁhpﬁé@m% by using a dye, fluorochrone or

radi ol abel for exampygl be appxecﬁtb@ 154 pgimals sKUPRDPI theSafthBAt AGARREHs t O

gtC):EI'?:ABQg/ gbg%%}aﬁﬁglons 1%/01 mor(l ifications may be mage ?0 the inventionygs shown in

exported into thespktifiy embadiagetswhitheut diepa*htmgtﬁrs@dtlmmﬁﬂt or secmmd:fethe
positl on can ;Be.TRBkL %P lb"i]‘ggtﬂt‘yh e%Epré&nHJhee p1%¥el?ts(§ﬁ gghﬂﬁeﬁts 58! @)L,érl?fo'i% ghe

dlgltlse spot orsa nput er 'nol ogy
woul d al | ow t Hee mxﬁcd@@dmﬁlhreép@ﬂswéa&@ﬂtlgtlw @ﬁdsxeqiameatle:tmt ri dges and
the 5 subsequent printing of these reagents onto the original support.

An exanpl e



of the use of the c ““m“k? the identification of particular
enzyrres m‘m m ate cartridge is substituted for t he

er
yel | ow car ?8/4780‘%/\1*1 + cand ah ihdi'cator which detects tHKE fﬁ"('?a{f??,’t fromthe

-

reaction is in the blue cartridge. Hence, when the chem cal printer »

Is instructed to print a green 10 spotignt o the original support any
substrate reactions wll be detected by a specific indicator (for
exanpl e the reduced form of nethyl-thiazolyl blue produces a purple
f ormazan dyeCLAINE:whol e process can be repeated, for exanpl e by

printing purple tmnéﬁfbcﬁm alahyy%aﬁg\aﬁ Iéaggéﬁe 34 gw%amm of samples, the
i ntroduces a new rate, he present nethodds are

particul arl yn%‘r’(ﬁ ‘ié‘b‘f' 1ding tk};&ﬁ*@ﬁﬁt ed cont roI and | arge scal e
applicati ons (a) 1eco1dmg 4 imdakb ofeh@ppsieivnodfodt 1bystpateseuifplekdeldtéek ion t he

art tha nﬁi @\)ﬁrs led/ {atlons and/ or nodifications my be made to the
I nventi On as AP JHi lfeh%l i‘ eC|f|c enbodi nents wi t hout departing

fromthe spirit o(rb]srtd[:sen@th& rexo2ded imiape otk do alswhileaatdplickdiny ofed. The

present embogi Agell glﬁ %ccéﬁf&%f’(ee‘aéehi’s to the\&slg§7tﬁ@04€?ﬁﬁl%%'s‘?nﬁ'ahdr espect s

as illustrativ
PCT/ AU98/ 00265  (c) analysing the at least one sample for a reaction to or wigh the
CLAI M5: 1eag113nt (s).A method for analysing at |east one sanple in an array

of sarrpl es, t.hod i ncl udi t he (a)
recordilfg an |rrag’£h€)fm?tﬁgdﬁ(9§f3f‘ﬂ88 tBFT%an ?leg‘hgl"s%ﬁp?sr%ﬁatlve to 5

t he ot her sabtmﬁslelcnletsl'&l@a’téd)from the gloup consiéting of phmismlg pep¢idescor ded f
i age so as to0 P at an sion o
eagents to PRty IPIBHBUCT P8R folfhules. sopPiER Biblnotbodled YIS,
the at | east glyvopsetepre ahdrmixtuessctheseofi o or with the reagent (s). 10
2. The netgod &f‘ﬁgéﬂ%ﬂﬁ%dté&cg il g‘té ML Qlwhélgﬁlﬁ Bl diioREles are

bi onol ecul es sel ecte omthe onsistin terns, peptides
sacchartfdes, s¢pgipked b m@f@pet%emmgq 1 84 an@a |s8XBEBOl ecul es i nol udi ng

gl ycoproteing, anghginéthodsadcBeliegfto claim 3 wRerein The chRih@@gagsigr @i ng to
claim?2 Wnerei n thgwgésggol ecul es are 15 separ ated by chromat ography to

forman array < . 4.  The method according to claim3
wher ei n t he &hr onfhegnethloyd dcsording to chhies drwohéreie sheselectrophoresis is carried

out in a polyacrylamide gel.
20 6. The method according to claim 5 wherein the polyacrylamide gel
electrophoresis is carried out in one dimension.
7. The method according to claim 6 wherein the one dimension
electrophoresis is selected from the group consisting of isoelectric focusing,
native polyacrylamide gel electrophoresis, and sodium dodecyl sulfate (SDS)
25 polyacrylamide gel electrophoresis
8. The method according to claim 3 wherein the polyacrylamide gel
electrophoresis is carried out in two dimensions.
9.  The method according to claim 8 wherein the first dimension is by
isoelectric focusing and the second dimension is by SDS polyacrylamide gel
30 electrophoresis.
10.  The method according to any one of claims 4 to 9 wherein the
biomolecules separated by electrophoresis are transferred to a solid support.
11,  The method according to claim 10 wherein the solid support is a
membrane selected from the group consisting of polyvinylidene difluoride,
35 nitrocellulose, nylon, teflon, zitex, polypropylene, PTFE, and derivatised
forms thereof having one or more functional groups.



5. The net hod a 4 wherein the el ectrophoresis is carried
out in Wop"@{%ry mn "H ﬂ"r The met hod accor RGIJAUIS/MHREH m 5

wherein the pol yac el ectrophoresis is carried out in one

di mensi on. : The met hod accordifpg to claim®6 wherein the one

di mensi on eI ectrophoresis is selected fromthe group consisting of

| soel ectric focusing, nati ve pol yacryl am de gel el ectrophoresis, and
SOd' um dodeq‘g[ Sllﬂﬂe&h@tf(oﬂﬁ&co?&amg t@@ﬂaYmCIQ’bﬁMdﬁh@%kn @l'x@ﬁid’xﬁ@lé@h%‘ S

. The ne ace m 3 .wher. ei the acr e gel
eI ect r ophor 1"5 l?lée(g;? P%’ﬁﬁ SBBPO%naLFVQBSB? HAss S5 1§ﬁla ¥Pne net hod
accor di ng t dhuirescent gnivep e metad dii hi)sasadlcmmm1 ovith & seyond biomolebudé ectric
focusi ng a“@v}h@ﬁ iS5 26aptk 'tﬁﬂd' 18230eP gl Xaﬁ X}e% HF o % et
el ect rophoresi’'s R accor‘ ofie &t “CIH % 4 to
9 wherdin tA8. The mbﬂmdoa@m;désg tropay mlédafb#aleme@ttﬂdﬁmhemls the array of

tl (r)a\r;;fe ?;Irﬁdtshfglfgesslfbll'xﬂa %&H}@ﬁi order to assistin ﬂw%%cgezﬁts:ie ectgﬁo tL 0 g'rghgﬁ
consi sting dtt: pol lﬁﬁﬂf%jgﬁ%c%a*%ﬁ?r ?’él)éon%’r}%la’#ﬁl% tdeds y %eént o image
teflon, zi tememﬂy@raemyﬂ glvetrohid &y dipith] deagyat | sed forms thereof
Eg\'ll'} 2%98?80 5m)|:[%ef1un toé) Qéiclor En 5 claim 13 o 12 whele?u the image is 12

The metthod generatedirdm acdcannoflthecmidflenseriabd driilublinatdderudlbew the
transferred § r SOCI n.w.t

£1 uor escent Eﬁgﬁgé { g Qr?ﬁ]%lfsea ag‘uf/ {hse %éﬁl?fa%&y o? e 1ea§gggﬁhrﬁgg%ﬁ Bl e
which is co@plle@? wishiig @ chamigel bpl(bh’iﬂl @@mh@atl@yes,ystamomb@@etﬂw rgagrIy, oror
metal. 5 léggenga@e Hﬁtcm@g@pﬁpﬂf@ c!l'&ﬁé?l &Mhip Qlfle € 1éhﬁéaﬂprh9aeit2 wher ei n

the array of sis . in ane 1n assi st
recordi ng oftG heTl}?db‘ém‘)‘faccmdlﬂﬁ to Woﬁﬁtqcfgalé’é%értﬁlﬁgwhél%ﬂﬁ 1@)ﬁf—9R§f

gl ai rTB1|51 t 0 (dBand gl )edre 1*eb9aﬂeﬂ&gecycled so as%o rcﬁ@@r eheda %11@@3211‘&@1‘&%%1@&%11@
igital im or erein
the image i g’?ﬂie salg Sr?é?%‘te %f EH’IB belsogagﬁﬁ%feqth%r%@r%I”é§H]§f‘éthed or |

i | | um nat ed 7o amlwwm%timd accordingtmptleény 16 bdereisutlie medtipledmmhépulations
appl i cati on of e tlﬁ@?%@tle%eﬁteﬂgfgélﬁe'sgt of reanexlcf?rJl'aeHuHﬁn'eng &f?&%&’ﬂtca'

printer application system where the reagent
di schar ged t'83g8¥sdesired sanple by the cheni cal pri nter 16 The

nmet hodzaccorai ng The ﬁaﬂldmﬁcéﬁldﬁhg'itdfﬁuﬂl oh@ JFT1ahes €itd 1t7h®h§$e€fﬁ9ché5 (a)
and (b) are arn%Pes?xtxge is gy hcf(ud c(iluoma gglta?)llgr?f)flgtoelftctlaicg rplheostoc 18111106'1 qlejxlsg‘lt L ons
radiochemical, or mass spectral analyses.
19. The method according to claim 18 wherein the sample is analysed
directly for a given reaction product.
25 20. An apparatus for analysing at least one sample in an array of samples,
the apparatus including:
(a) means for recording an image of the position of the at least one
sample relative to the other samples in the array;
(b) means for applying a reagent or sequence of reagents to the at least
30 one sample in situ;
(c) means for analysing the at least one sample for a reaction to or with
the reagent(s); and
(d) control means for means (b), wherein means (b) applies the reagent
to the at least one sample according to the position of the sample relative to
35 the other samples in the array determined by means (a).
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m'm““f\%ent samﬁl es :n tlhe array. {# _
erein the nultip e HhaLi ons
Car PRl

are with sane reagents, the*sanre *set of reagents, or a

di fferent reagents. 20 18. The nethod according to any one of
clainms 1 to 17 wherein the anal ysing is by liquid chromatography,
phot oel ectri cal, photochenical | aser, radi ochem cal, or nass
spectral analyses The net hod according to clai m 18 wherein the

sanple is andilysedhe apparat@ﬁrﬁ@éﬂrq;nsdp caig e durtbat indndmemeens fos 20.

An appar at us 1&@61(1@15?{})@5&1&&51@{5 reSaRs oBinn@@'E@'xﬁeéﬂi‘s&H array of sanples,
the appar atu ns for. recordin | mge of

| nc n
the positi on h@eé‘tp%aé%lté’tg aGRgrding to (C?%‘Hhﬁp T ‘é(b?\ﬁ'éntlﬁe? aét”ﬁer
sanples int Iseleaterchfmm the group consiting ofacenrfers phpidetargon aebgengedr

sequencg of I the at |east 30 one sanple in situ;
(c) nmeans forgggﬁ{&&?‘hgethe at |l east one sanple for a reaction to or with

t he reagent (€p; e apparatus accordiop toemyrasie ofclaims @0 toskzhwheryin mhanei n
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device to the extraction device by the action of the control device.
25. The apparatus according to claim 24 wherein the fluid control means is
a 3-way valve,
26. The apparatus according to claim 24 wherein the control device
25 comprises a first control device for the fluid delivery and sampling device
and a second control device for the extraction device.
27. The apparatus according to claim 26 wherein the first and second
control devices are piezoelectric control devices.
28. The apparatus according to claim 24 wherein the fluid is a reagent
3o capable of reacting with a sample to produce a detectable product capable of
being retained by the extraction device.
29. The apparatus according to claim 24 wherein the extraction device is a
cartridge of chromatography packing.
30. The apparatus according to any one of claims 20 to 29 wherein imeans
35 (c) is selected from the group consisting of liquid chromatograph,
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wher ei n the16><&l{lgcti on device is a cartridge of chromat ography
packi ng. 0. The apparatus according to any one of clainms 20 to 29
wher eil® neans 35 (c) is selected fromthe group consisting of liquid
chr omat ogr aph, WO 98/ 47006 PCT/ AU98/ 00265
19 phot oel ectrical detector, photochem cal detector, |aser
det ect or, radi ochem cal detector, and mass spectroneter. 31.
The apparatus according to any one of clainms 20 to 30 wherei n neans
(d) is a conputer programmed to control neans (b). 5 32. The
appar atus according to any one of clains 20 to 31 wherein array of
sanples is on a sem -solid or substantially solid support. 33. The
apparatus according to claim32 wherein the sanple anal ysed has an
area less than 100 nmmerr], preferably less than 50 nmjerr], nore
preferably 1 to 10 mmferr]. 10



