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apparatus. In particular, the invention relates to an apparatus for excising
and ejecting biomolecules from an array of biomolecule samples in a gel or
solid support.

Background Art

Improvements in laboratory techniques and practices have led to the
discovery of an ever increasing number of new biomolecules. New protein
purification and detection methods, for example, have allowed the detection
of many possibly new proteins. Due to the large number of known
biomolecules, it is now necessary to carry out molecular comparisons of
newly discovered molecules to determine to what extent they are similar to,
or different from, known molecules. For example, to carry out definitive
analysis for proteins it is necessary to obtain amino acid sequence
information or determine the masses of peptides after protein digestion.
Often, the biomolecules are separated by electrophoresis in polymer based
media. Thus the biomolecules for analysis are usually present as
"concentrated” spots on media such as dry polymer membranes or wet gels.
It is necessary to excise the biomolecule from the media and transfer them
separately to a vessel such as a microtitre plate to carry out analysis of the
biomolecules. The spots are usually cut out by a laboratory worker or
researcher using a scalpel and are placed in a test tube for analysis by
application of a reagent or succession of reagents to the sample. Typically a
single membrane may have many hundreds or thousands of spots of
biomolecules. Multiple sample handling using laboratory techniques can be
labor intensive, prone to error and contamination. At the same time, the
improvements in laboratory techniques and practises and the discovery of an
ever increasing number of new biomolecules have increased the need for
analysis of sample biomolecules.

WO 97/29355 discloses a process and an apparatus for effecting
contactless transfer of special compounds into biological objects, typically

of an
i cation
of many
| ecul es,

nitive



analysis for proteins it is necessary to obtain am no acid sequence 20

I nformation or determ ne the masses of peptides after protein digestion.
Oten, the bionolecules are separated by el ectrophoresis in polyner based
medi a. Thus the bi onol ecul es for analysis are usually present as
"concentratw@9AamBt s on nedia such as dry pol yner nmenbr arreg/Auospesis gel s.

It is necessary to excise the bionolecule fromthe nedia and transfer them
25 separately to a vessel such as a microtitre plate to carry out analysis
of the bi onol ecul es. The spots ar@ usually cut out by a |aboratory

wor ker or researcher using a scalpel and are placed in a test tube for

anal ysi s by I cat L eagent - or successi.on ea ents to the
sanple. Typ |%el*sf lo%QtBh ofih iéo(?ﬂn ?E ca%g%ﬁgxhgy rlrﬁ rﬂ‘é‘?@“ﬂ&? h%&?arl

t housands  of §‘|b8§%d @fcuseutWM%&m%nnwopn@Me Téuripseexmﬁdnaagr u3| ng

| abor at ory teehtheqiotpmeefinbis a special alb@ébsdﬂbxﬁg%bly@nerﬂﬂmnerﬁe%aﬁfylﬁs and

contam nati Oﬁt(inpin L& ﬁ?ff?el Mﬁm "6 an a Facb@iﬁ%ﬁ% @Bl?echﬁg lfﬁﬁ_er’ﬁlt ory

t echni qu I.SCove ncreasi ng
nunber of neW {ﬁCBH% aééon%{f’éa (Pfeé"&%eéﬁ b 10mm fromg the polymah&hy,s. s of
sanpl e bi onopreferhldy 1-Bbm. Locating the\MimpTd oMt dusisl done by dlvprscase and an

appar at us f ofighi S/‘V\F}ﬁch odueeﬁéx@ﬁﬁalg%%?t éﬁgef@{s g{ghﬁﬂé‘a&ﬁﬂer gpounds into
bi ol ogi cal obj ects gt
PCT/ AL98/ 00gf3ocated to élrpak)ﬁa e Yaser to be guided tor injection and cutting. The
process and apparatus described in WO 97/29355 is complicated, and is
10  awkward to use as it requires an adjacent collecting film for catching the
excised sample. The apparatus is only suitable for use with thin materials
such as histology sections which are typically several microns thick.
Further, the sample still has to be removed from the collecting film for
analysis, and the requirement for an adhesive on the collecting film may
15  contaminate the sample. '
The present invention seeks to overcome or at least ameliorate séme
of the problems associated with the background art discussed above.
Summary of the Invention
In a first broad aspect, the present invention relates to a method for
20  excising at least one sample in an array of samples comprising:
(a) recording an electronic image of the position of at least one
sample relative to the other samples in the array;
(b) utilising the recorded image to control a cutting tool to excise
the at least one sample;
25 (c) picking up and the excised sample in the cutting tool retaining
the same in the cutting tool and moving the cutting tool relative to a selected
location; and

(d) depositing the at least one excised sample at the selected
location.

30 The steps (a) to (d) may be repeated or cycled so as to carry out a
series of excisions of a number of different samples in the array.

The samples may be separated into the array by known means such
as electrophoresis in a polymer matrix. Samples may be transferred from the
polymer matrix onto a solid support or membrane support. For example, two

35 dimensional electrophoresis separations in polyacrylamide are transferred to
supports like PTFE, gortex, PVDF, nylon, nitrocellulose, polypropylene
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and
(d) means for causing the cutting tool to deposit the at least one
15  excised sample at the selected location; :

the arrangement being such that means (b) causes the cutting tool to
excise the at least one sample according to the position of the sample relative
to the other samples in the array as determined by means (a).

The sampling device may further include:

20 e) atable means for supporting the array of samples;

f)  display means for displaying the electronic image of the array
on a screen or the like; :

g) means for selecting a sample on the array for sampling by the
cutting tool; _

25 h) means for moving the cutting tool in the plane of the array.

Typically, the array of samples will be present as a non-ordered array
of spots on dry polymer membranes or wet gels.

The sample will preferably be of a biological nature and may include
proteins, peptides, polysaccharides, lipids and nucleic acid molecules or

30 complex molecules like glycoproteins, for example.

The means for recording an electronic image of at least a part of the
array of samples may be a digital camera which makes a digital photograph
of the samples. In order to generate an electronic image of the samples in
the array, it is necessary to make them identifiable in some manner. Thus

35  the electronic image may be generated from a scan of the samples stained or
illuminated or otherwise marked with a visible or fluorescent marker to



25 (c) picking up and the excised sanple in the cutting tool
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maintain the visualisation of the samples on the array as the image may be
maintained electronically.

The coordinates of the samples are recorded. These coordinates are
then transformed into robotic language and the computer used to control a

10  cutting tool whereupon the cutting tool can be directed to a selected sample,
The position of all the samples would be known from their co-ordinates on
the grid, and so excision is possible regardless of whether or not the samples
are still visible, Once excised the cutﬁng tool moves to a selected coordinate
of a well of a microtitre plate or the like and the sample is ejected

15 In a preferred embodiment an image file relating to @ number of
arrays of samples is stored on the computer. An image of a particular array
is displayed on the computer and spots are selected from the array to be -
sampled using the computer monitor and a mouse. Once a mouse is clicked
on a particular spot the cutting tool will automatically move to that spot, cut

20 the spot from the array, pick up the spot and transport it to the selected well,
or the like.

In a preferred embodiment the array of samples is in a plane, the x-y
plane, and the table means is movable in both the x and y directions so that
the spot to be sampled is placed underneath the cutting tool.

25 Alternatively, it would be possible to have the table means fixed and
the cutting tool movable.

In a particular embodiment of the present invention a cutting tool for
use in the apparatus and method of the present invention comprises:

a cutting head defining a central bore adapted to cut and retain a

30 sample of material; and

a plunger disposed in the bore defining a rod which is disposed in
and movable along the bore, the plunger being either formed of a ferro-
magnetic material or having a portion of ferro-magnetic material attached
thereto;
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30 conpl ex nol ecydesa hidgRetHrCHBEObRleR®maAEtiE AR aBattached to the
ejector pin distal from the one end;

(e} asolenocid disposed around the magnet or ferro magnetic
material for causing the pin to move in the bore in a direction which expels

15 material from the cutting tip when the solenoid is energised; and

(f} return means for causing the pin to move in the opposite
direction when the solenoid is not energised. :

If item (d) is a magnet the return means may also be a magnet The
return means may also be a spring.

20 Preferably the cutting tip is removable and disposable.

Throughout 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.

Brief Description of Drawings
The invention will now be described by way of example only and
with reference to the accompanying drawings in which:
30 Figure 1 is a front view of a first sampling device embodying the
present invention; |
Figure 2 is an enlarged front view of a cutting tool assembly which
forms part of the sampling device of Figure 1;
Figure 3 is a side view of the cutting tool assembly shown in Figure
35 2
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excision robot aspects of a second apparatus according to the present
invention;
Figure 8a shows a second embodiment of an excision tool; and
10 Figure 8b shows a third embodiment of an excision tool.

Detailed Description of the Preferred Embodiments
Referring to the drawings, Figure 1 shows a sampling device
embodying the present invention generally indicated at 10. The sampling
15 device includes a table 12 and a overhead beam 14 which is spaced and
supported above the table by two columns 16 and 18. In the centre of the
beam a cutting tool assembly 20 is located which is described in more detail
below. The table 12 is mounted so as to be moveable in the x and y
directions in a generally horizontal plane. By moving the table in the x and y
20  directions any part of the table may be located under the cutting tool
assembly 20. Motors and control means, not illustrated, are provided for
moving the table. The specific means for moving the table in the x and y
directions is not essential to the present invention.
Figure 2 and Figure 3 show an enlarged front view and side view
25  respectively of the cutting tool assembly. The cutting tool assembly 20 is
supported on a guide means 22 which maintains the components of the
assembly in their correct orientation. At the upper end of the cutting tool
assembly there is a top cylinder plate 24 which is horizontally oriented.
Spaced below and parallel to, the top cylinder plate there is a bottom
30 cylinder plate 26. A cylinder 28 is disposed and extends between the two
plates. The cylinder forms part of a pneumatic piston and cylinder
arrangement which includes a piston rod 30 shown in phantom in figure 3,
disposed in the cylinder 28. The depending free end 32 of the piston rod is
fixed to a nylon block which defines a punch carriage 34 disposed directly
35 below the bottom cylinder plate 26. Movement of the piston rod 30 in the
cylinder 28 in the vertical (z axis) direction causes the punch carriage 34 to
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plunger 46 is located. The plunger 46 is generally cylindrical and defines a
large diameter body portion 48 from one lower end 48A of which there
15  depends a narrower cylindrical rod 50. A spring 52 is disposed between the
opposite or upper end 48B of the plunger and the upper end of the central
bore 44,
A punch 54 is fixed to the lower end of the punch holder/cutting - .
head assembly. A generally cylindrical bore 56 extends through the centre of
20  the punch 54. The cylindrical rod 50 of the plunger is disposed in that bore.
The rod 50 is coated with a low friction material such as TEFLON™ or
ACETYL™ both as a barrier to prevent residue from previously picked up
samples from contaminating subsequently taken samples and to reduce -
friction between the rod 50 and bore 56. The lower end of the punch defines
25  agenerally circular cutting blade or tip 58, similar to a cookie cutter. As can
be seen from a comparison of Figures 4 and 5, when the cutting head is in a
“pick up” position the end of the rod 50 is withdrawn into the plunger and
the end of the plunger defines a cavity which can receive a portion of
material cut from the array by the cutting blade 58 of the plunger.
30 In Figure 5 illustrates that when the rod 46 is moved sufficiently
towards the punch 54 the distal or lower end 50A of the rod/plunger extends
beyond the end of the punch 54 thus ejecting any material located in the end
of the punch.
Figures 6a to 6h show the cutting and transfer sequence of the
35 sampling device of the present invention in sequence in more detail. As
shown in Figure 6a initially the cutting head is disposed above a particular
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a sol enoi d di sposed around the plunger or electronagnetic nmaterial,

wherei n operation of the solenoid causes the plunger to nove to eject the
spot from tWes¥iBTS ng head. The punch may b&CTIAUSEN08I. 5

I n one enbodi nent the cutting device is pneunatically operated.

In an alternative preferred enbodi ment the cutting tool conprises:

(a) a cutting tip nmeans havi ng a bore8t heret hr ough; (b) a

cutting tip holder for holding the cutting tip neans; (c) an
ej ector pin . | l+ $r ' e tting tip,
t he pin bei rf Bﬁ‘ﬁ’gea IFEO g?%‘#.b f%@%??ﬁ&%?nélﬁ,ﬁ%@t(?égﬁ% %e]r)osup pBH (d)
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pi n distal flocated hiethe mgpernehid of its travel and the ejd $0/50f deqlangdr ppojectd ar ound

the magnet Qfevh JHRIOSIRh material for causing the pin:to nove in
the bore in aeydﬁﬂ%tl n %%,gﬁme}%(sglélsbw material fromthe cutting tip

when t he Ssol enoi dUmge fiaghea een positioned abawe)the gpiteqt spefans f or
causi ng t he theputch naviege i3 dpeeatabby thd neumatichistentandreylihdsr t he sol enoid i s
not ener gi Sefdsembly to push the cutting head downwards until the end 50A of the
plunger touches the spot/sample to be cut. This contact secures the spot 94
and ensures it does not move. Further pressure exerted by the pneumatic
10  cylinder will, as shown in Figure 6c, cause the punch to move relative to the
plunger and cut the spot 94 away from the surrounding membrane, while
compressing the spring 52. The plunger retracts and retains the cut sample
. in the manner of a vacuum pick up.
Once a spot has been collected in the cutting head assembly with the
15  plunger retracted, as seen in Figure 6e, the table is then moved by the control
means to position a test tube 92 below the cutting head, see Figure 6f.

Once the test tube 92 or a sample bottle or the like is positioned -
below the cutting head, the cutting head is moved downwards towards the
test tube so that the plunger is positioned inside the test tube. -

20 The plunger is then pushed downwards by activating the solenoid
which causes the plunger to move downwards and eject the sample 94.

Once the sample has been ejected into the correct test tube the
cutting head will then automatically move to cut the next sample.

The procedure is slightly different when cutting a spot from a sheet

25  of gel to allow for the fact that gel is easily squashed. In the first stage of the
procedure, when the punch head is lowered to contact the gel, the plunger is
retracted. This prevents squashing of the gel which would occur if the end
50A projected below the punch and were forced onto the gel. The procedure
for ejecting the gel spot is different also. After the cutting head has been

30 positioned in the test tube lifting of the head is commenced fractionally (say
1ms) before the solenoid is activated to eject the gel spot, also to prevent
squashing the spot.

The device also includes a digital camera adapted to create an image
of the gel or membrane on which the spots are located and store them in a

35 computer. The computer is programmed with software which takes account
of the distortions produced by the digital camera when imaging the array and
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Thus the present invention allows a vary laborious job of a researcher

10  individually cutting spots from a gel or support using a scalpel and allows
the operation to be carried out automatically.

Turning now to the drawings, Figure 7 shows a schematic
representation of a second embodiment of a robotic excision apparatus. The
robotic excision apparatus 100 includes an image acquisition system 200

15  which includes a camera, an excision tool 400, and a computer 300. An
array of samples is placed onto a silicon mat 105 which is housed inside an
acrylic base plate 101 which is illuminated from underneath the sample with
fluorescent light (for acrylamide) or from above with tungsten lamps ora.
camera flash {for membranes) 106. The image is transferred from the image

20 acquisition means to the computer 300. The image is processed and
imported into "click-on-a-spot" software. This process translates the image
pixel coordinates into robot coordinates. The "click-on-a-spot" software is
then used to drive the excision tool 400 to the selected component via an xy
movable bar 102. The z movement of the excision tool 400 is via an excision

25  tool support unit 107. The excision tool 400, which is described in more
detail below, then cuts out and holds the selected sample and moves above a
specific well of a microtitre plate into which the sample is to be placed. The
excised sample is then deposited into the specific well of the microtitre plate
108.

30 A first embodiment of the excision/cutting tool for use with the
apparatus of Figure 7 is shown in Figure 8a.

The cutting tool comprises a cylindrical body portion 400, which has
an upper end 400A and a lower end 400B. The body portion is a generally
cylindrical tube defining a central bore 408 and can be made of metal or hard

35 plastic or any suitable material.



6 Figure 4 and 5 are detailed views of the cutting head of

the cutting tool assenbly, where 4 shows a sanple pick-up and 5 a
sanpl e eject; Figures 6a to 6h show t he sequence of operation
of the cutting tool assenbly showi ng in sequence the cutting of a
sanpl e frowWaAY®W8tay of 5 sanples and the placing of tHRET/AUME/OSIIPle in a
test tube; Figure 7 shows a schematic of the electronic
recordi ng and sanpl e exci sion robot aspects of a second apparatus
according to the present i nvent i oW, Figure [err] shows a
second enbodi nent of an excision tool; and 10 Figure [err] shows

g Lhird embodi Menim@lovid} efid o8h 8F uledibe is closed WA drdbdias Wiy On of the

Preferred Enbodi ment ) eterryng . to the draw n ) | gure 1
shows a sanfcis# ad"éﬂf"eléle" 404 W@P@d&ﬁ?i%@“@%&acﬁf%@&‘i{] borgjaAtiemIsgeher al | y
i ndi cat ed atmdinted adips409p|Thegid 09 besvircanrivlal ardessseatiombhdhdLa'sdera over head

beam 14 whi liharif}igﬁ?@oﬁaﬂic locatéé‘f}ﬂgfet &d LRBOYE fiRe bO@) SndYFisMP col umms
16 and 18. In the centre of

of .t eama cyttin ool” assenbly 20 is
ocat ed Whi cHRerEesiley thi P baldep then fapess |89neraﬂyﬁe‘i"gaﬁy FLNRERYE 12 i s
nmount ed so gertion whiclpactahd @ cuttinghead 4a61d The tip, anditip dotdepaw fixeda general |y
hori zontal pkRR%e tBhe By Pbrlille table in the x and y 20 directions any

ocat ed under th assenbly 20.

Vot or s and cont r o BERAE™ PRGREde ' arpat b rere s Byrgass g a0y (0P e
tabl e. The spesic sechwsaprdyiropylene.i Hgwewer, itdb peefembletibakthanip iy
directiofgs itfardice@t&Lihid Mhkdsat hHsitle @S ge¥erthieanhd9lamide residue is Figure 2
and Figure 3, 300Mnheht BhI58e pihy b S SNEiS bl altbSible.

The pin is not illustrated in Figure 8a but its upper end is fixed toan -
ejector magnet 402 and the lower end of the ejector pin should be at least
2mm higher than the orifice of the cutting head when the ejector pin is in its

15  uppermost, retracted or "home" position. A solenoid 401 surrounds the
ejector magnetic 402. A "spring” magnet 410 having a central bore along’
which the ejector pin is free to move is disposed between the ejector magnet
408 and the tip portion 404. The spring magnet 410 is oriented so that it':
repels the ejector magnet 402 upwards so that the ejector pin is normally”

20 retracted. However, in use, after the cutting head has been lowered onto'a
sample and has cut a sample from the gel or other base, activation of the
solenoid 410 forces the ejector magnet downwards which in turn forces the
cutting pin downwards and ejects the cut sample held in the cutting head.

When power is removed from the solenoid, the ejector magnet once

25 again is repelled upwards by the spring magnet 410.

Figure 8b shows an alternative arrangement in which a spring 403 is
used to keep the ejector magnet 402 in the "up" position instead of a magnet.
In that embodiment, the solenoid 401 of the cutting tool body 400 is
activated which drives the ejector magnet 402 down onto a spring

30 mechanism 403. This forces the ejector pin 405 through the cutting head
orifice 406 ejecting the sample into a microtitre plate. When the solenoid is
deactivated the ejector magnet 402 is forced back up into the solenoid body
by the expansion of the spring 403.

The cutting tip 416 shown in Figure 8b is disposable and is generally

35 conical, with a gentle taper and an annular cross-section. It pushes or snap-
fits onto a conical protrusion 418 depending from the body 400.



25 respectively of the cutting tool assenbly. The cutting tool assenbly 20
S supported on a guide neans 22 which maintains the conponents of the
assenbly in their correct orientation. At the upper end of the cutting tool
assenbly there is a top cylinder plate 24 which is horizontally oriented.
Spaced bel oWPRd*Baral lel to, the top cylinder plate ther EF4YS g Wt om 30
cylinder plate 26. A cylinder 28 is disposed and extends between the two

pl ates. The cylinder fornms part of a p(r}qumatic pi ston and cyl i nder
arrangenment which includes a piston rod 30 shown in phantomin figure 3,

di sposed in the cylinder 28. The depending free end 32 of the piston rod is
fixed to a nyl on bltectuttihg tdol dieduldds o spifividnt dength agéhd4heleppospih di rect |y

35 below theg qaas@mn&mlm rth&ka{eeo d&ﬁu@ q{eaa%ealtﬁsgfécfo?d 30 in -

t he cyl 1 nder ver 1 cal 7 aX|s ectlon causes t he punch
carriage 34 t“l?gne“s tn the howgﬁ 98875

PCT/ AU98/ 00813 The ejector pin should protrude from the cutting tool orifice by at nove
in the vegtigalst ﬁhﬂ%héx?fh&h‘é&@fjnﬁgn&% ﬁﬁcé@d&wn W‘(ﬁ@ﬁéﬁv&fontd?%@' ston

in the cyli ndglfa W_@ pneumati cal ly control he punch
carriage 34 § S a cylindrical aperture or bore 3 i.

In one alternative version of the invention the cuttmg tool rotates
about its central longitudinal axis to facilitate cutting of the sample. To
enable this, the tool may be mounted on a screw thread extending in the z

10  axis direction.

As with the first embodiment illustrated in Figures 1 to 6, it is also
possible to image the gel independently of the cutting apparatus, identify the
coordinates of the spots to be excised and then transform the coordinates
into robot xy coordinates. The gel is scanned and then transferred from the

15 scanner onto the cutting table. To determine the coordinates so that the
robot now knows where to cut, the robot is taught four landmarks, preferably
the points that are the furthest NE, SE, NW and SW on the gel. This will
derive a function which we can then transform the image derived
coordinates into robotic coordinates. The xy data file is then used by the

20 robot software to excise the spots.

It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in
the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to

25 be considered in all respects as illustrative and not restrictive.



whi ch extends up fromthe Iower face 34A of the punch carriage, towards the
5 piston rod 30 and the upper en ~oiﬁdc—lfpe.ﬁpj.mg:h carriage.- A cutting

head assenbly generally |”mﬂg” B di sposed i nsi de that
aperture 35 and is shown H ﬂ@m Fi gures 4 and 5.

Tur ni ng nowWoP9assfares 4 and 5, a ‘solenai s di sposedPCTIAUYB®0813
interior of the aperture 35. A generally cylindrical nylon block 40 is
fixed in 10 the centre of the aperture 35 with its |ongitudinal axis

directly inline with the piston ri@ 30. A punch holder 42 is disposed
inside a central bore of the bl ock 40. The punch hol der defines a
central bore ipswhi ch a st eel pl unger 46 is |located. The plunger 46
is generally ric nd def i nesl l%ﬁ ge di aneter body portion 48
from one | ower endf4Bat %Sfl MF¥Eivingrileast gne gaapplgdn aaaﬁlamoémpbw i ndrical
rod 50. A sprdomgpris2ng:s di sposed between the opposite or upper end 48B
of the plunger and h

A punch 54 S edétgre%lc%a Me&ggffmgﬁmfpung%lﬁ ngét/el%%topﬁg head
assenbl y. °A ¢ @H@%ﬁ@“@y@ﬁh‘d?&%&? é“ngeﬁk’Eaé(nds through the centre of 20

the punch 54. The Gyl iwtdisingitherrecbrded irhagefte cphurolgecutting docl posedsé n t hat
bore. Thee a0RasodeSs ﬁﬁgged with a low friction material such as

TEFLON'" or ACETYLTU bot'h s a barr er to event res from
previously picked &5 picking WHQ E]ffg?hnf BB t aken
sanpl es and ttbesemade the cuttifg taol aoda nt&vmgaém cmtengtodl E&Btanedobaebcﬁﬁ The

| ower endiof Ibbgidinma defines 25 a generally circular cutting blade or
tip 58, simlar to(da}c oki conpari son

of Figures 4 and 5.“wh %Pofﬁ‘@ggﬁ? ?{]ﬁ@stf‘i’é‘&?"?‘geq ﬂmé&e attd, Sﬁ? ﬁe‘ﬂp posi ti on

the end of tHEC#tsM.50 is withdrawn into the pl unger and the end of the
pl unger definmes a M\/alipmaum folf eRElBing Q€ BaYicor fadiplé HBmMOIn array ofmat-eri al cut
fromthe array Fﬁﬁ meé;f&%%ng bl ade 58 of the plunger. 30 In Figure -
5|IIustrates W

rod 46 is npved suffi mfentl
(a) means for recording an electronic image of the position of at

least one sample relative to the other samples in the array;

(b) means for utilising the recorded electronic image to control a
cutting tool to excise the at least one sample from the array and retain the
sample in the tool; :

20 (c) means for moving the cutting tool relative to a selected location;
and

(d) means for causing the cutting tool to deposit the at least one
excised sample at the selected location;

the arrangement being such that means (b) causes the cutting tool to

25 excise the at least one sample according to the position of the sample relative
to the other samples in the array as determined by means (a).
3. Apparatus as claimed in claim 2 further comprising:
e) a table means for supporting the array of samples;
f)  display means for displaying the electronic image of the array
30 ona screen or the like;

g) means for selecting a sample on the array for excising by the
cutting tool; and

h) means for moving the table means relative to the cutting tool in
the plane of the array.

35 4, Apparatus as in claimed 3 wherein the means for recording an
electronic image of at least one sample is an apparatus which acquires a



towards the punch 54 the distal or |ower end 50A of the rod/plunger extends
beyond ‘'t he end of the punch 54" ThHUS ejecting any naterial |ocated in the

end of the punch. to 6h show the cutting and

transfer se uen of the 35 stl”] 'Mlm[ueﬂnf t he prese on in
. PﬁE /AG 51'3

sequence in SBHetail . As * ghown ¥n ¥Fidure 6ainit|aT ecuttlng

head is di sposed above a particular WO 99/ 15875

PCT/ AU98/ 00813 8 spot

which is to be cut out from for exarrplje3 a solid (i.e. non-gel) support

whi ch may be an inmmobilisation nenbrane. The punch carriage 34 is
| ocated at t liggith) PRagenthak aldlf itdlrcauteha aﬂddigml stafinés) theotoritivd mamnsger

pr oj ect s pu&g{]gcérggut%ggn& ?F]rng%eoﬂ a%ﬁ to 2 number oﬁana .the cutting

head has been rec nch carriage is
operated by tSREPsdE Aeredompthetcommuer- cy | i nder assenbly to push the
cutting head glownwApgsratiftas lin tlatmed d volkkeinf the heray of sampples dsein 4 plaohes t he

spotfsamlee UGS {iﬁfle ahllefe G ﬂx%&ns%éﬂ%@a%l%ﬂ?ooiﬂ%e:%ndydxr&ﬁ@n@nsureS it

does not nove. ssure exerte
so that the Spot to e exmse 1s placed underneatg Emg tool which

moves along the z axis direction and which preferably also rotates about the
z axis in order to facilitate cutting of the sample.
6. A cutting tool for use in the apparatus of claims 2 to 5 or method of
10 claim 1 comprising:
a cutting head defining a central bore adapted to cut and retain a
sample of material;
a plunger disposed in the bore defining a rod which is disposed in
and movable along the bore, the plunger being either formed of a ferro-
15 magnetic material or having a portion of ferro-magnetic material attached
thereto; and
a solenoid disposed around the plunger or electromagnetic material,
wherein operation of the solenoid causes the plunger to move to eject the
spot from the cutting head.
20 7. A cutting tool for use in the apparatus of any one of claims 2 to 5 or
' the method of claim 1 comprising:
(a) acutting tip means having a bore therethrough;
(b) a cutting tip holder for holding the cutting tip means;
(c) an ejector pin one end of which is disposed in bore of the
25 cutting tip, the pin being moveable along the bore of the cutting tip;
(d) amagnet or a piece of ferromagnetic material integral with or
attached to the ejector pin distal from the one end;
(e) a solenoid disposed around the magnet or ferro magnetic
material for causing the pin to move in the bore in a direction which expels
30 material from the cutting tip when the solenoid is energised; and
return means for causing the pin to move in the opposite direction
when the solenoid is not energised.
8. A cutting tool as claimed in claim 7 wherein a magnet is attached to
the ejector pin distal from the one end and wherein the return means is also
35 amagnet



10 cylinder wll, as shown in Figure 6c¢, cause the punch to nove relative
to the pl unger and cut the sDot 94 away fromthe surroundi ng nenbrane,

whi |l e conpressing the sp”wH melmmmgm ger retracts and retains the
cut sanple in the manner!ik el up. Once a spot
has been cWQ¥WASHE in the cutting héad"askertbly with thePCHAUpHAIHIer
retracted, as seen in Figure 6e, the table is then noved by the control
means to position a test tube 92 below the cutting head, see Figure [err]
Once the test tube 92 or a sanple botfife or the like is positioned

bel ow the cutting head, the cutting head is noved downwards towards the
test tube sg that ol radi [ LSk { ube. 20

The pl ungergi S tr%%@%&ﬁé@%%g&%ﬁv\g?ggc%ﬁlﬁﬁh&%ﬁ ﬂ%rt%;l{gnso 1ielﬁé)&l%d) whi ch
causes the pPUMger to nove downwards and eject the sanple 94.

Once the sanpl e hasubibgrnos] ssciaicheidih any ipeecedingaddint whereinthe dutiéng

cutting heagpws kdméh® S PoBdpR! | Y nove to cut the next sanpl:e.

The procedure 1s slightly different. when_ cutti spot .from g.sheet 25 of

gel to aPl ow'for ‘%ﬁgg‘*“&c‘f\;‘ﬂtﬁﬂmﬁ‘é’ 1?‘?“88&#%/‘%28%2?\ eTeR ﬂ?%‘éﬂf“f‘gst st age

of the tenl dodudessa badyeportine compoibing egenemliyoptinddeal dubsodefining t he gel ,

theI gl unger a!c]:én’;r?]l boré,ghrvﬂﬁéﬁgbe solérfoid is£H bs‘éld,sﬂittﬁﬁﬂé nﬂv@fﬁnm&gﬂ&el W]gi ch |

woul d occur i e en -pr cted bel ow the punch and were force
boteielS ety e SRty G |5

onto the gel. ting the gel spot is different
al so. After 12he chrcutting thelas dzisneddamngof Cb@@ﬁﬁit@ﬂgd"heﬁelﬂﬁbe eeldingt ube
liftingiof tipchdieachningl@ro¥e 36&tbnl with aivwidat £ylidamil portion wititeh before the
sol enol dis l&%&és\lx?(gﬁg of ﬁmeec!e%?rtal It:g}% 09?111 l?xﬂ%t orﬂl:ﬁ Qnd @ p@i et .
squashi ng the spot. ] he aeew_ epa‘so Phcitides a digjtal canera
adapted to @rBuaHY spnicaldgthion to a ngmowportien which-iopBF threcytngBedh t he spots
are | ocat ed thatip betgamidecsha ttardldent aagitl etuch dhplasideqmigless. i S progr ammed

wi th software which takes account of the distortions produced by the
digital camera when inmaging the array and
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produces a sufficiently accurate distortion free nmap of the array which
accords witwotdagsemechani cal frane used to control the C“tiéﬂﬂuﬁﬁ)ﬂﬂ
assenbly. There is also no need for the gel or nenbrane to be exac?ly

pl anar. Different prograns are provided for gel and non-gel arrays to
account 5 for the slightly different procedures descri bed above.

When it is desired to select a spot/{®e image of the array can be

di spl ayed on a conputer nonitor and a nouse noved by an operator to
identify the correct spot to be sanpled by the sanpling device.

Thus the present invention allows a vary | aborious job of a researcher 10°
individually cutting spots froma gg) or support using a scal pel and all ows
the operation to be carried out aut‘hatically. Turning now to
the drawi ngs, Figure 7 shows a schegﬁtic representation of a second
enbodi nent of a robotic excisionh appariat
apparatus 100 includes an inmage| acqpH-sitld

robotic excision
200 15 which includes a
conputef 300. fAn =

canera, an excision tool 40Qtt and
>~ —
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array of sanples is placed onto a silicon mat 105 which is housed inside an
acrylic base plate 101 which is illum nated fromunderneath the sanple with
fluorescent light (for acrylanide) or fromabove with tungsten |anps or a
canera flash gfor menbranes) 106. The inmage is transferred fromthe i mge
20 acqui ¥APE#Peans to the conmputer 300. The image i sPPVOLBIeEY and
inported into "click-on-a-spot” software. This process translates the i mge
pi xel coordinates into robot coordinates. The "click-on-a-spot” software is

then used to drive the excision t 400 to the sel ected conponent via an
Xy novabl e bar 102. The z noV nt of the excision tool 400 is via an
excision 25 tool support unit 107. The excision tool 400, which is
described in nore detail below, then cuts out and hol ds the sel ected
sanpl e andgmoves above a specific well of a mcrotitre plate into

whi ch the nple is to be placed. The exci sed sanple is then deposited
into the speg{fic wel Nof thy nidnotitQ§ pl ate 108, 30 A
first enbodi nexyt of t excWpi on/Puttimd tool for use with the

apparatus of Fi shiown in;FiguFe 8a. The cutting too

conprises a cyIiJ 1 , 1S an upper end 400A
and a | ower end 4#00B. The dey poriion\js a generglly cylindrical tube
defining a centr g—hore—468-pyd_—cane—wade—of-—npHal or hard SS(Y)pIastic

-’

or any suitable rng
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The | ower end 400B of the tube is closed with a end portion which acts
as a tip howdemwndddd which has a central cylindrical bore j i LS
mounted a tip 409. The tip 409 has am/3Rnul ar cross secti%ﬁngggﬁﬂgg a wider
cylindrical portion which |ocates inside the bore 408 of the body and [err]
5 energes below the tip holder then tapers generally conically to a

nar r ower portion which acts as a cutting head 406. The tip, and tip
hol der are fixed relative to the body portion. The tip
can. be nmade of various materials including glass, netal or a pl asti c,

such as pol ypropyl ene. However, it is preferable that the tip is 10
translucent as this nmakes it possible to determne if acrylamde residue is
caught inside the tip. The tip may be renovabl e and di sposabl e.

The pinis not illustrated in Figure 8a but its upper end is fixed to an

ej ector magnet 402 andjthe | r end of the ejector pinjshould be at |east

2mm hi gher than e or the cutting head when thg ejector Qkp isin
; r'rounds

its 15 upper "home position. 0
t he ej ect ¢ ] A "spring" magnety it ) 'intral bore
al ong whi ¢h nis free to novegfi g dksposedpeween the
ej ector nmagnet {] e tip portion 4044 The spyi nNg et 410 is
oriented so thg 5 the ejector magnpet \408 ( q !o that the
ej ector pin isf{n [ ract ed. However, Y n e, \Naf xer e cutting
head has been Ko \53anple and hag cpt 9 I Ho ghe gel
or other base, {fa Eg/} sol enoid 440 el el £cTor
magnet dowggr s orces the I N\
{ L -&2 ‘
~ N f : \ \B 46
1 N\ 44 N\ {
4884 _L_ o ] %
A < } ><./:
(N N2 1IN |
: \/ ( 1 \ f
INBRRNE 1 N \R
=i\ =1 /LJ\ N
. % ’
A / 4 g ; ’
d % g
1 - 4EA % N—s2
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50 N
]
42I 50 § 56
54
5" 504~ \_st
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cutting pin downwards and ejects the cut sanple held in the cutting head.
When power is renoved fromthe solenoid, the ejector nagnet once 25 again

is repelled upwards by the spring magnet 410. Fi gure 8b shows
an al t er nat 'h‘yegarrgngemant in which a spring 403 is used to keep the
ej ector magRet 482 in the "up" position instead of a nagnBET/AU081 n t hat
enbodi nent, the solenoid 401 of the cutting tool body 400 is activated
whi ch drives the ejector magnet 402 down onto a spring 30 nechani sm 403.
This forces the ejector pin 405 tarjnégh the cutting head orifice 406
ejecting the sanple into a m'croti( pl ate. Wen the solenoid is
deactivated the ejector magnet 402 is forced back up into the sol enoid body
by the expansi on of the spring 403. - The cutting tip 416 shown
in Figure 8b is disposable and is generally 35 conical, wit¢gya gentle
taper and an@nnul ar cross-XectioW. It _puskgs orgsnap- ONits onto a
coni cal prot lei on %18 depeRtdi ng om tle gdy 0. v WO 99/ 15875
PCT/ AU98/ 008r1\8S \ r\ \ 1

Pe” ej ector pin
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is at [east 2 nm higher than the orifice of the cutting head when the

ej ect or magnet is in the home position The ejector pin
shoul d protrude fromthe cutting tool orifice by at 5 |east 1mm when the
ej ect or magngssiissrsf orced down by the activation of the pcrasodBgi d.

In one alternative version of the invention the cutting tool rotates

about its central longitudinal axis to facilitate cutting of the sanple. To
enable this, the tool may be nmounted on a screw thread extending in the z

10 axis direction. B¢1@ th the first enbodinment illustrated
in Figures 1 to 6, it is also possible to i mage the gel independently
of the cutting apparatus, identify the coordi nates of the spots to be
exci sed and then transformthe coordinates into robot xy coordinates.

The gel is gcann and then transgerred fromthe 15 scannergdnto the

cutting tabNe. T&\detgpnine the AQordi nated\yso that the robot now
knows Wnere\o c% t robot is thNught fo | andmar ks, ﬂerabl'y t he
poi nt s t hat=are—tNe—funrth gelf¥This will

]

derive a er@ on b»q;ch an the ransfo the i e i ved
coordi nates T™to_robvtic i

0 S . Thﬁxy ata fifl € is| {hen used by the
20 robot foftyare to\exci s¢ the spots. t be reci at ed
by persons)skifTea tnjtnejajt that jnunerou vaiji ati o nd/
nodi ficati pns y be nmade Lvent I j'.t he cific
enbodi nent$ w §hout departling fromfthe iri
invention as biloadly descri bed. Thg_pré&Hent ; al e, themsre, to
25 be congsidefed in all rfegpects gds il M $ ngt | festri Qalie.
T
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12 CLAI V5 1. A method for excising at | east one sanple in

an array of sanples conpri si ng: (a) recording an

el ectronic inage of the position of at |east one 5 sanple relative to the
ot her sanples in the array; (b) utilising the recorded inmage
to control WOPIHg tool to excise the at | east ondPCT&TIB/R08I3

(c) picking up and the excised sanple in the cutting tool retaining
the sane in the cutting tool and noving the cutting tool relative to a

selected 10 |ocation; and 1 (d) depositing the at |east one
exci sed sanple at the selected O/1Q:ati on. 2. An apparatus for
excising at |l east one sanple froman array of sanpl es conprising:- 15

(a)- neans foﬁ#recording arQel ectronic i mage of the position of at

| east one sanpbe régatlve ti® the other sanples in the array;
roytil

(b) means fo
cutting tEg
t he

|ng the recorded eIectronlc |nage to control.

; arrayrand-ﬁetaln
\ N X
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1
g
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sanple.in the tool; 20 (c) neans for noving the cutting tool
relative to a selected | ocation; and (d) neans for
causing the cutting tool to deposit the at |east one excised sanpl e at
the sel ect eddasds on; the arrangenent bei ngpsy Fﬁg means
(b) causes the cutting tool to 25 exci se the at | east one sanple

according to the position of the sanple relative to the other sanples
in the array as determ ned by neans (a). 3. Apparatus as clained in
claim2 further conpri sing: 7/10 e) a table means for supporting
the array of sanples; f) display means for displaying the

el ectronic image of the array 30 on a screen or the |ike; g)
means for selecting a sanple on the array for excising by the cutting
tool; and h) nmeans for noving the table nmeans relative to the
cutting tool in the plane of the array. 35 4. Apparatus as in
claimed 3 wherein the means for recording an el ectronic i mage of at

| east one sagpis—Fs—ar—appargtus—whi-eh—acoitres—a &
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13 digital image such as a digital canera or a digital scanner, the

control neans i ncludes a conputer and an inage file relating to a
nunber of arrays of sanples is stored on the conputer. 5.
Apparatus a imed 3 wherein the array of sanples is in pl ane, 5
the x-y plaﬁgéqﬁﬁﬁ%the table means is nmovable in both thePQW%HHM@m3
directions so that the spot to be excised is placed underneath the
cutting tool which noves along the z axis direction and which
preferably al so rotates about t he z axis in order to facilitate
cutting of the sanple. Auguttlng tool for use in the apparatus
of clainms 2 to 5 or nethod of 10 claim1 conprising: a
cutting head defining a central bore adapted to cut and retain a
sanple of material; a plunger disposed in the bore defining a
rod which is disposed in and govabl e al ong the bore, the plunger being

either formed of a ferro- 15 nmagRgtic material or having a portion of
ferro-magnetic material attached ero 1 O a solenoid

di sposed around the plunger or elec ; wherein
operation of the sol enoid causes the p ej ect the spot
fromthe cutting head. 20 7. A cut t he appar at us of
any one of claims 2 to 5 or the nf o®pri sing:
(a) a cutting tip neans having a bore therethrough (b) a

(c) an

cutting tip holder for holding the cuttfing t1p neans;
ej ector pin one end of which is disposgd]in Qgg:\o tb
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25 vcutting tip, the pin being noveable along the bore of the cutting tip;
(d) -a magnet or a piece of ferromagnetic material integral with or
attached to the ejector pin distal fromthe one end; (e) a
sol enoi d di syoowask7sir ound t he magnet or ferro magnetic pCT/A@dspsgial for
causing the pin to nove in the bore in a direction which expels 30
material fromthe cutting tip when the solenoid is energised; and

return neans for causing the pin to nove in the opposite direction

when the sol enoid is not energiseé@lu? _ 8, A cutting tool as clained
inclaim7 wherein a magnet is attached to the ejector pin distal
fromthe one end and wherein the return neans is also 35 a magnet.
14 9. A cutting tool as clainmed in claim7 wherein the return
nmeans is a spri ng. 10. A cutti 0/1 as clainmed in any
precedi ng clai mwherein the cutting //9 94 enovabl e and di sposabl e.
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5 11. A cutting tool as clainmed in any of clainms 7 to 10 wherein the

cutting tool includes a body portion conprising a generally.
cylindrical tube defining a central bore, in which the solenoid is
di sposed, WybRok | ower end of the bore being closed by the cutting
tip hol der. . Acutting tool as clained in any 8F“@%QWW¥37 to 11
wherein the cutting 10 tip has an annular cross section with a w der
cylindrical portion which | ocates inside of the central bore of the
body portion and tapers in a iogeneral ly conical fashion to a narrow
portion which fornms the cutting head, the tip being made of a
translucent material such as plastic or glass.
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