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grow naturally in this manner. These methods are less applicable to adherent cells, by far the
most common cell phenotype.

[0004] Adherent cells are typically analyzed by plating them on a growth surface then
looking for them using a microscope. The locations of the cells are random so that finding the
cells can be a time consuming process. To speed this up, robotic systems that utilize machine
vision are sometimes used to find the cells within the ficld of view of the microscope image.
Traditional sorting techniques for separating cells of interest from a mixed population of cells
typically require enzymatic or mechanical release of adherent cells from their growth surface
which is detrimental to cell health, or involve extended protocols for selection based on
limiting dilution or genetically engineered resistance to a selective environment. In some
cases a sacrificial base layer is placed over the plate, cells are grown on the sacrificial base
layer and, once cell of interests are found, a subset of the mixed population of cells are
1solated by cutting a circle around the cells of interest and through the sacrificial layer with a
high powered laser. Cells can be isolated by peeling away the sacrificial layer, or by
catapulting the cut material from plate using a high powered laser pulse, carrying the cells of

interest with catapulted cut material.
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transfecting or mcroorgani smnedi ated i nfecting a
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Figure 1A is
a mcro-patterned plate having an array of
mcro-pallets. [0011]Figure IBis a side view of a

mcro-patterned plate with sanples (cells)
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contai ning the sanple fromthe plate. [0013] Figure 3
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[oo1BY 11 "Gy & agﬁi%etavleil.e\@% RbeR? DY SRR 2 TR0 SakiOmBPplate with
samples (organisms) attached to specific addressable sites.

[0014] Figure 4 is a side view of another embodiment of a micro-patterned plate with
samples (cells) attached to specific addressable sites.

[0015] Figure 5 is a side view of another embodiment of a micro-patterned plate placed
at the bottom of a single well of a multiwell plate, allowing conventional tools to be used with
the plate.

[0016] Figure 6 is a side view of a plate showing the use of temporary or permanent
dividers to allow samples of different types or historics to be plated on the plate at different
locations or within different channels.

[0017] Figures 7A and 7B show steps in a process using a pallet plate for adherent cell
screening and culturing.

[0018] Figures 8A and 8B show steps in a process using a pallet plate for DNA
screening.

[0019] Figure 9 is a perspective view of an integrated pallet plate cassette for
automated assays.

[0020] Figures 10A through M show steps in a process using an integrated pallet plate
cassette for sample screening and culturing.

[0021] Fig. 11 is a schematic of a high content screening and cell selection system
utilizing a micro-pallet cassette comprising an array of micro-pallets.

[0022] Figs. 12A through 12F are images showing the identification and collection of
biological cells based on differing cellular characteristics. Figures 12A and C show clonal
colonies of cells grown from single cells plated simultaneously on a pallet array. The
individual pallets are released and collected separately to yield two clonal populations
differing in their growth characteristics. Figures 12B and D) show the cells proliferating at

different rates. Figures 12 E and F show cells plated simultaneously on a pallet array
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D show the pallet and fluorescent colony having been separated from the array and placed in a
culture well. Figures 13E and F show the clonal population having proliferated into a large

colony containing only fluorescent cells.

[0024] Fig. 14 is the transmitted light and corresponding fluorescence images of living
cells stained with a long wavelength fluorescent dye (Alexa Fluor 647). Figures 13 and 14
taken together demonstrate the ability to perform transmission light microscopy and
fluorescence microscopy of cells growing on the pallet array over a wide range of
fluorescence wavelengths.

[0025] Figs. 15A through 15D are images showing two examples of individual pallets '
containing single cells collected from an array and maintained in culture for a 10 hour period
demonstrating that single cells remain adherent and viable after isolation and placement ina
culture well. In Figures 15A and C the cell is seen to remain adherent to the pallet after
isolation, and then is shown to begin migration off of the pallet. In Figures 15B and D another
cell is shown to begin proliferation after placement in the culture well.

[0026] Fig. 16 is an image showing an example of an individual cell obtained from a
pallet array which is shown to grow into a clonal colony atter collection and isolation in a
culture well.

[0027] Figs. 17 is an image showing another example of an individual cell obtamed
from a pallet array which is shown to grow into a clonal colony afier collection and isolation
in a culture well. |

[0028] Fig. 18 is a flow chart showing one protocol for establishing a stably transfected
cell line using the pallet array.

[0029] Figs. 19A and 19D are images showing the identification and release (positive
selection) of a transfected clone from the cell array generated using the protocol shown in

Figure 18.
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value or intermediate entity for the purpose of original disclosure, as well as for the purpose of
testricting the claimed subject matier.

[0035] In a preferred embodiment, a system provides a micro-patterned plate
comprising an addressable array of removable regions or sites to which samples can be
attached. Optical encoders, electrodes, and the like enable the micro-patterned plate to be
readily coupled to external instrumentation, enabling high speed addressable cell assays.

Machines can move the plate to position any addressable site under the microscope. High
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pall et array which is shown to grow into a cl onal
colony after collection and isolation in a culture
well. [0027]Figs. 17 is an i nage show ng anot her

X f an individual cell obtained from
Wg’rﬁwlmlgch Is shown to grow into a cl onal c%mzbﬁ%ﬁm
mag@lfft;ﬁron%}écﬁ@éslc@[mb@md s Oakih®Bintlomdy € bihbldsRe weﬂnhged (as
028]Fig. 18 is a fl ow chart showi ng one protoco

opp@k@ﬁ weaslﬂ%lﬁie&imf ey celtshdioy celisdhis frdexad ob et popifies %Pﬁ@much
fasteh E,%ﬁ éh%Ll‘S%{l aL/Q%%] Figs. 19A and 19D are i mages

flcatlon and rel ease (positive

[0036] ect Imez Bim @aﬂﬂeal@&:f Rt ek OTRIdo TN idiey 16 edlls, Iabreayxes
géner at ed u&@pg t he protocol shown in Figure 18.
comppudy, PIRRsePer biskesr odshomicahpshi ﬁﬂiatgadh?@ i fhe Svﬁ%fg‘ésas well

as fo ?agfmlgsgt?gtdg%og Qs @f othd@nirk S 85L& c&{ NRe®RGDsitidn non-

into a stably transfected col ony.

adhefe@0Btjfesg. 21 is a flow chart show ng anot her

rotocol for nore rapidly establishing a
[0037]  The micro-patterned plate system advantageously solves the problem of positive
selection of samples. The addressable array of removable pallets allows one to quickly and
selectively remove samples from the plate for further processing. The use of removable pallets
eliminates the need to cut around the sample, greatly increasing the speed and throughput
while reducing the complexity for selecting samples. Since the pallets are arranged on a plate,
high speed analysis and sample selection can be performed at rates comparable to flow

cytometry in a far simpler manner.

[0038] In a preferred embodiment, as depicted in Figure 14, a plate 10 is manufactured
in such a way that samples 14 such as single or multiple cells, micro-organisms, proteins,
DNA, biomolecules and other biclogical media can be positioned at specific locations or siies
13 on the plate 10 for the purpose of performing addressable analyses on the samples 14.
Some or all of the sites 13 are preferably built from a removable material in the form of pallets
12 so that a subset of the samples 14 of interest can be readily separated and isolated from the
plate 10 for further processing or analysis. The plate can contain structures or chemical
treatments that enhance or promote the attachment and/or function of the samples 14, and that
promote or assist in their analyses. The plate 10 can also contain structures that aid in the
coupling between the plate 10 and external instruments. The plate 10 can also contain
additional structures that aid in accessory operations, such as maintaining proper chemical
conditions for the samples.

[0039] Referring to Figure 1B, the micro-pattemed plate 10, as depicted, includes
samples 14 (such as single or multiple cells) attached to specific addressable sites 13, i.e.,

_ small, thin pallets 12 which adhere to the plate 10 at the sites 13. As depicted in this

embodiment, a microscope or other detector 16 is used to image the samples 14 ag the samples

14 are rapidly moved into position under the detector 16. Each site 13 can be imaged, or

probed with light or other energy (e.g., magnetic, electrical, mechanical, thenmal energy) to

determine the properties of the samples 14 trapped at the site 13 or to modify the sample 14 at

the site 13. Furthermore, the sites 13, actually pallets 12, containing samples 14 of interest can



stably transfected cell line using the pallet array.
[0032] Fig. 22 are inmages showi ng the establishnent of
a stably transfected clonal colony fromthe cell
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[00499mor | $hd\died M3 aﬂﬁax&&a&t&r@p@fe&@w RImEERLBIAbhdr 8Q1HaNGe plate
or sites to which sanples can be attached

al
10 cag he Jepypd undsr g pRAbeREsSNSIEREN IerapidRepeeEp P@IXS%QDf many sites 13.
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ext erna i nstrunenhtation, enab
mnﬂsaddr@slsfab peod wpliesepsswsnd BMawhiends C@atm aﬁfﬁ&)@dﬁm@e sltest @ in any

ota e RER BT R0 B O EncH Bl oy ppdiom wa

they attach to the sites The remaining cells can be washed away leaving an addressable array

of cells that can be rapidly imaged. Conventional methods such as spotting, silkscreening,

stenciling, lithography, optical manipulation, or mechanical attachment can also be used to

attach the samples to the sites.
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coupling between the plate 10 and external . o
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, thin pallets 12 which adhere to the plate 10
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[00483 1p| eSherchersical prapartinf] tResites 42nple heappdifigd tspnce Htf:&apwfe
at theR@8d Gh@Rot WP HGT- %ﬂe'gﬁ oflRS 1%5‘6% tﬂf,ﬁanal%@f%rl:o?'ekzﬁnﬂig sﬁﬁﬂceb:%emlstry

i mage or probe 't ght or other energy (e
can bnag»dé‘ted 6o mekewrTs rcallons hﬁéh‘fl’ré!ﬁb!@ahd othheyidetphdisde glﬂ)ant:foce

adhes?cﬁt & hg?iﬁﬁgbzg %1 e@ﬁ% :fa%é/ lr?c{]mekgtgsgca% f%%segcﬂ?he ggsgngﬁe of

the pla3 opEw’etahé Eitregiont brensphtesisio jnaqu(hadbm kpeytupalfbradnbaric2d optical

contai ning sanples 14 of interest can
imaging.

[0050] The atray of sites can be produced within existing industry standard trays and

cassettes. For example, the sites can be fabricated within the bottoms of multi-well plates,
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[0055] Turning now to Figures 8A and 8B, steps in a process using a pallet plate for
DNA screening are shown. This example illustrates how the disclosed system can be used to

screen for rare DNA strands from a large collection of DNA. For example, an unknown
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[0059] In Figures 10 B and 10C, the cap 101 is closed on to the plate 109 revealing an
access hole 107. In Figure 10D cells are dispersed over the plate 109 and allowed to attach to
the plate at specific sites 102 or pallets. The plate 109 is then screened by the detector 106, as
depicted in Figure 10E, for statistical analysis of the sample and to identify cells of interest. A
pallet 102a containing the cells of interest is dislodged (released), as shown in Figure 10F,
from the plate 109 by a high energy laser pulse from a laser 108. As shown in Figure 10G, the
free floating pallet 102a is collected from the butfer solution toward the end of the plate 109.
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[0062] The pallet release and collection process of the micro-pallet array system

subjects the cells to less perturbation than sorting by flow cytometry, since the cells remain
adherent during both analysis and sorting. Improved cell health and viability is provided as a
result. Moreover, cells grown on the pallets will display their full set of cell-surface proteins
as well as retain their native morphology and signaling properties. Thus, a broader set of cell
attributes are available for use as selection criteria. Importantly, these properties can be

analyzed over time to enable selection based on the temporal change of a particular property.

[0063] Use of the micro-pallet array system advantageously enables the selection and
sorting of cells based on dynamic phenomena such as protein translocation, kinase activation,

ionic changes and the hke. In conventional methods, when a single cell or group of cells is
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WO 2007/118208PCT/ US2007/ 066171 nodi fi cati ons,
equi val ents and alternatives falling within the
spirit and scope of the appended clainms. Wat is

claimed: 1. A method of collecting a singl Y
W@eﬁ“?”"%&%‘ﬁn sing the steps of arr angi ngpmjfﬂls}éb‘ﬂg“m
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cons T 0y Moo P B SRS S ST B o e co
on the bAGk Srrhy MdNBerCRlll adenBbueles rechenit anﬂ)plrdlﬁelated'eﬂ dn quﬁ)ropnate
i nt erest” based on two or nore neas

pedefinsaparidbenivh (433 i PO P D e dppiied on an
arra3J co}{ﬂaf?ng'}?ogﬁ |=;ts eﬁc‘ﬁ'ﬂftsﬁlﬁicﬁw ﬁlYfaQé/argd 2! 881 G thloF a Rlbhebf cells of

of claim1 wherein the
the desived ogil nmntwr neaglmg@rmﬁﬁs C&ilécmlﬁ@d frof @rsygregsion of the

apprc&)lnﬁtgl Ehsit Paj‘/‘\? v u?h%% ngat &8 rfo%gﬁ%{’lgg cgﬁtaﬁ%ln*facgthélg céll,

ng ceI teps of arranging
AlterBatiielif; ﬂielahyy odn Be s‘vtreﬁgedﬁ&t seli df:pasnmar foayallmnﬂtemngle eglls. After

of the plurality of c n
platingapflBte RpieH R ety S ) B TR0t FnBhoT SRR dplyred
over lifle @s ML gr¥hane ibitge Belimvol ﬂxﬁ%téﬁeﬁﬁ@ﬁarhh&ff alr between

nl, selecting a single living cell fromthe pluralit
the pdfetd, p@}sﬁgn@g%sg-xctcgﬁg the pallet ongwhlch they oggmally a&%ered therefore,

only progeny of the original cell are found on any one pallet. The progeny are scored for the
characteristic of interest, such as fluorescence, indicating expression of the target DNA. As
indicated in Figures 19 and 20, a pallet containing one or more cells bearing the characteristic
of interest, here green fluorescence, are released and collected (step 4) and the small clonal
colony is allowed to expand (step 5). Stable transfection will result in a colony composed of
progeny which all display the characteristic of interest — i.e., green fluorescence. Turning to

Figure 20, the expansion of the clonal colony is shown over time.

[0079] Alternatively, as shown in Figure 21, Stable transfections can be identified and
selected even more rapidly by plating cells on the pallet array immediately after the
transfection step (Step 1). Cell growth is then carried out on the array for about 5 to 7 days
(step 2). As noted above, stable transfection will result in a colony composed of progeny
which all display the characteristic of interest —i.e., green fluorescence. In the current
example, all progeny in the colony would be fluorescent as a result of expression of the target
protein. Cells which are not stably transfected will yield a colony in which there is loss of the
characteristic in some or all of the progeny over time. Next, as depicted in Figures 21 and 22,
the pallets containing stable transfectants — i.e., pallets containing only green fluorescent cells
— are released (step 3) and collected (step 4) and the small clonal colony of stable transfectants
are allowed to expand (step 5).
[0080] While the invention is susceptible to various medifications, and alternative
forms, specific examples thereof have been shown in the drawings and are herein described in
detail. It should be understood, however, that the invention is not to be limited to the

particular forms or methods disclosed, but to the contrary, the invention is to cover all
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removing the selected living cell fromthe array by
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of

lodging its pallet fromthe plate. 4. The nethod
claim3 wherein the cell volunme is |ess than 100

L. 5. The nethod of claiml1 wherein the s
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o clalﬁll wherein the step of selecting includes
clammisdent i fyi ng a cell exhibiting a dynamic

characteristic of interest. 7. A nethod of

collecting a single, living cell conprising the steps

of identifying a single living cell in a

plurality of living cells based on two or nore

measurenents of the cell separated in tine, wherein
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h of the plurality of cells is |located on a

arate pallet renovably coupled to a plate, and
arating the selected living cell fromthe

rality of living cells by dislodging its pallet
mthe plate. 8. The nethod of claim 7wherein the
or nore neasurenents are nade at intervals

ater than 1 second. 9. The nethod of claim?7

rein the step of identifying includes identifying
ell exhibiting a tenporal characteristic of

erest. 10. The nethod of claim7 wherein the step
identifying includes identifying a cell exhibiting

ynam c characteristic of interest.
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11. A nmethod of collecting a colony of cells
conprising the steps of arranging a plurality of
colonies of cells in an array, wherein each of the
whithdRhkd.y of colonies of cells is located on a
Sseparafe pallet within an array of pallets renovably
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The nethod of claim 11 wherein the col ony
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2.  ndhboethofl of tlaimmi Whewinstheiwn dringore elchsuvapientvarahadeat tervals

‘ %hﬁkLn the colony is less than 10 pL in volune. 17.
gﬁa?& ﬁﬁo% collecting a colony of cells conprising

3. Sth6® 5t dlie@Hd; 1) 1i%in Ikt nh;Sﬁé fh SQLRRE E&drg{ lurality
ofhviﬁg OESII% On %ﬁ (w{hgﬁ E g&% ehid} @1&%;1%&8 taél;)anet
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pl:él’écﬁn a sin l%@ilvﬁfgtdeﬂgroﬁl ®O RIS 1881 R11d b t he

plurallty of col"oni es, wherein the step of selecting
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exhibiting a temporal characteristic of interest.
6. The method of claim 1 wherein the step of selecting includes identifying a cell
exhibiting a dynamic characteristic of interest.
7. A method of collecting a single, living cell comprising the steps of

identifying a single ltving cell in a plurality of living cells based on two or more
measurements of the cell separated in time, wherein each of the plufality of cells 1s located
on a separate pallet removably coupled to a plate, and

separating the selected living cell from the plurality of living cells by dislodging its
pallet from the plate.

8. The method of claim 7wherein the two or more measurements are made at
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18. The nethod of claim 17 wherein the two or nore
nmeasurenents are nmade at intervals greater than 1
second. 19. The method of claim 17 wherein the step
of selecting includes identifying a colony exhibiting
a tenporal characteristic of interest. 20. The
interviilg bReattr Handl sebendl 7 wherein the step of selecting
i ncludes identifying a colony exhibiting a dynamc
9.  cHhe acthediotlrim Divhéminghesiep of idadifying lﬁdﬂgﬂs ddenbiypg astellg

.the steps of, transf.ect.i r m crorgani smnedi at ed
exhibfting o ePREr dﬁpﬁﬁgppff%gﬁggﬁlls with DNA of interest,
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exhibithgret dynginnpcharasteaistie of ingereftect ant of a cell fromthe
plurality of cells in less than 5 days after
transfection or mcroorgani smnedi ated i nfection of
the plurality of cells, and collecting the stable
transfectant of a cell by dislodging its pallet from
the plate. 22. A nethod conprising the steps of
transfecting or mcroorgani smnedi ated infecting a
plurality of cells with DNA of interest, wherein each
of the plurality of cells is |located on a separate
pal | et renovably coupled to a plate, wherein the cell

"volune is less than 1 nl, identifying a stable

transfectant of a cell fromthe plurality of cells in
| ess than 10 days after transfection or
m croorgani si n-nedi ated infection of the plurality of
cells, and collecting the stable transfectant of a
cell by dislodging its pallet fromthe plate. 23.
The nethod of claim 22 wherein the cell volune is
| ess than 100 pL.
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24. The nethod of claim 22 wherein the plurality of
cells are arranged in an array. 25. The nethod of
claim?22 wherein the cell is adherent to a surface
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volune 1s [ess than 100 pL. 30. The nethod of claim

100 ph imidnmien t he pl urallty of cells are arranged in an
array.

6 isg d%fg‘l%ﬂ;qf CI \&lirl]q?%{} Cﬁ %hrJnm% %f e\Aéth rcgﬁ th g ((;eolonyI 1|s less than
10 pL in volume.
17. Amethod of collecting a colony of cells comprising the steps of arranging a plurality
of colonies of cells in an array, wherein each of the plurality of colonies of cells is located on
a separate pallet within an array of pallets removébly coupled to a plate,
selecting a colony of cells from the plurality of colonics, wherein the step of selecting
includes identifying a colony of interest based on two or more measurements of the colony
separated in time, and ‘ | '
removing the selected colony from the array by dislodging its pallet from the plate.
18. The method of claim 17 wherein the two or more measurements are made at intervals
greater than 1 second.
19. The method of claim 17 wherein the step of selecting includes identifying a colony
exhibiting a temporal characteristic of interest.
20. The method of claim 17 wherein the step of selecting includes identifying a colony

exhibiting a dynamic characteristic of interest.

22



21. A method comprising the steps of transfecting or microrganism-mediated infecting a
plurality of cells with DNA of interest, wherein each of the plurality of cells is located on a
separate pallet removably coupled to a plate,

identifying a stable transfectant of a cell from the plurality of cells in less than 5 days
after transfection or microorganism-mediated infection of the plurality of cells, and

collecting the stable transfectant of a cell by dislodging its pallet from the plate.

22. A method comprising the steps of transfecting or microorganism-mediated infecting a
plurality of cells with DNA of interest, wherein each of the plurality of cells is located on a
separate pallet removably coupled to a plate, wherein the cell volume is less than 1 nl,

identifying a stable transfectant of a cell from the plurality of cells in less than 10 days after
transfection or microorganism-mediated infection of the plurality of cells, and

collecting the stable transfectant of a cell by dislodging its pallet from the plate.
23. The method of claim 22 wherein the cell volume is less than 100 pL.
24. The method of claim 22 wherein the plurality of cells are arranged in an array.
25.  The method of claim 22 wherein the cell is adherent to a surface.
26. A method comprising the steps of
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transfecting or microrganism-mediated infecting a plurality of cells with DNA of

interest, wherein each of the plurality of cells is located on a separate pallet removably

coupled to a plate,

identifying a stable transfectant of a cell from the plurality of cells in less than 20 cell

divisions after transfection or microrganism-mediated infection of the plurality of cells, and

collecting the stable transfectant of a cell by dislodging its pallet from the plate.

27. The method of claim 26 wherein the step of identifying includes identifying the stable
transfectant of the cell in less than 10 cell divisions after transfection or

microrganism-mediated infection of the plurality of cells.

28.
29.
30.
31.

The method of claim 26 wherein the cell volume is less than 1 nL.
The method of claim 26 wherein the cell volume is less than 100 pL.
The method of claim 26 wherein the plurality of cells are arranged in an array.

The method of claim 26 wherein the cell is adherent to a surface.
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