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handling of cells and other cellular entities, in
particular 5 oocytes and eubﬁst It is knomn to
mani pul ate single cells using pipettes etc. and to
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typically positioned wusing suction, glVlng liquid flow

through  the substrate, but other forces, such as
electrophoresis or dielectrophoresis or sedimentation under
gravity are also used in the prior art. Using present
array-based devices it is difficult to control precisely the
liquid conditions around the cells, while minimising the
amount of liquid needed. This is a disadvantage when the’
liquid 1is precious or if gradual changes or patterns of
change of liquid are needed, as encountered for example in
maturation of oocytes or embryos.

US 6,193,647 discloses a network of microfluidic
channels to handle embryos— these are entrained in flow and
moved in the liquid through ‘embryo transport channels’, and
held at required positions using ‘formations’ in the channel,

in particular at a constriction. This gives easy insertion
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and retrieval of a single enbryo froma given channel,
but is |less advantageous if nore then one enbryo is
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advant ageous in certain applications 5 to culture
oocytes and enbryos in groups. ‘A nunber of enbryos
can be contained in the sane channel but it is hard
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relatively complex assembly for mass production of the embryo

device - e.g. microfabrication in silicon. The device is also
not adapted to implement easily robotic insertion and
retrieval of embryos.

The present invention provides an improved apparatus for
handling cellular entities such as cells, oocytes and embryos
which allows easy access to individual cellular entities in
a group, while being able easily to expose the group to
common liquid conditions, for example to programme their
development or metabolism or to conduct test procedures on
them. The invention aims to combine the advantages of the
microfluidic approach, in which cellular entities can be held
at a given position within a device while flow of liquid can

be maintained in their vicinity, with the easy manipulation



are held in preforned wells which are in comuni cation
with mcrofluidic channels. The cellular entities
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i ncl ude oocytes, enbryos or other conplexes of cells,
i ndi vi dual cells thensel ves_agd_groups of cells of
single or mxed type. Typical cells will be smaller
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According to the present invention there is provided an
apparatus as specified in the claims.

The invention provides an apparatus and a method to
handle one or more oocytes or cellular entities in parallel
using conventional fluidic robotics. The apparatus is able
to :-

select and handle individual oocytes with minimal
disturbance to others, while allowing multiple oocytes to be
exposed to common fluidic conditions

allow ready exchange of medium over individual or groups
of oocytes

in certain embodiments, achieve good visibility of the
oocytes to allow visual assessment and selection in-situ

isolate a given containment component from the apparatus

for transportation or storage while maintaining controlled



cheaply in bul k. The apparatus and net hod can be used,
for exanple, in 5 culturing and maturation of enbryos
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fertilisation, culturing and maturation of single
cells and groups of cells in gtemcell or other
research. Enbodi nents of the invention will now be
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to the acconpanying diagrammatic flgures i n which:
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Eﬁggﬁfy if Bjews a cross section of an alternat|ve 15
enbodi ment, Figure 2 shows cross sections of preferred
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appar at us nmoved using air pressure, F gures 4a

Show 2l £ er 0138 ke SR e amgggegdaﬂa ot Qs tihe procedures

I nvention In cross-section an ['an vi ews, Fi gure

9199h6 a%hoéévlf)H{ltL% renj{’qu{.rﬂ:@f]és ﬁfrttll}%.s%riﬁ%%nt thurlng and

I nvention I n Ccross-sectl on ure shows an o

%{é{?%{‘%%l@nré??%&ﬁ E.’épééﬁfs2§%§h898uﬁgpéﬁa%§1§09% %‘ G cell

resent entlon ure

shtgtagt vegggoas o 10 cross” seeton it it
T AR QRRERS 1 SRR RN SRy e S s, o
Sg$sﬁﬁﬁt8§a%89ar%£ﬁg, with reference to the accompanying
diagrammatic figures in which:-

Figures 1 a and b show a cross-section and plan view of
a first apparatus according to the invention,

Figure 1 c¢ shows a cross section of an alternative
embodiment,

Figure 2 shows cross sections of preferred well shapes,

Figure 3 shows how liquid in the apparatus is moved
using air pressure,

Figures 4a - o show alternative embodiments according
to the invention in cross-section and plan views,

Figures 5 and 6 show further embodiments of the present
invention in cross-section,

Figure 7 shows an oblique view of a robotic pipette
with an apparatus according to the present invention,

Figure 8 shows an alternative embodiment in cross-

section having first and second substrates assembled



Figure 10 shows a plan view of the an apparatus when

5 assenbl ed, Figure 11 shows a cross-section of the
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Figure 12 a cross-section of the apparatus of Figure
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Example 1
Figure 1 shows an apparatus according to the present
invention in which a first substrate (10) is provided with
15 an array of first wells (12) open to a major surface of said
substrate. Each well 12 is adapted to hold oocytes or other
cellular entities (14). In the present embodiment the wells
are tapered to locate the cellular entity at a specific
location in each well. The apparatus also comprises one or
20 more fluidic channels (32) open to each well.
In the embodiment shown in Figure 1, the fluidic channel
is formed on the major surface of a further substrate (20),
which surface 1is adapted and arranged to face the first
substrate carrying the array of wells. This further substrate
25 in the present embodiment forms a 1lid, which seals to the

substrate at a sealing surface (22), the 1lid comprising an



wells 12. It will be understood that the arrangenent
of liquid connections shown in fig. lais
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made in any manner as known in the art. 10 The
substrate is preferably transgarent and the wells 12
are preferably adapted to give good visibility from
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the lid 20 is ransparent, and the upper surface of
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?Péﬁggggéﬁ , and the upper surface of the channel formation
32 in the 1lid 1s of good optical gquality so that the
cellular entities can be observed from above. The substrate
and wells are designed to allow access from above using a
pipette. The wells are optionally spaced regularly in a 1D
or a 2D array, for example at positions according to the SBS
microplate standard to allow ready interface to a robotic
pipettor, as shown in Figure 7.

The wells 12 are preferably tapered, to allow easy
access into the well from above, while locating the cellular
entities in a small area of the well base. The wells can be
dimensioned such that they are close in size to the diameter

of the cellular entity 14, as shown in Figure 2a: in this

case a small diameter pipette will be needed to handle the



medium The well will then preferably taper to a
hol ding position for the cellular entity close to its
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entities are accomobdated 10 in the base of the wells,
which are so sized that the- gellular entities wll
not be affected by flow through the channel 32. The
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cellular entities from passing through it.

In the embodiment in fig. la the channel 32 is shown as
being formed in the surface of the lid. In an alternative
embodiment, the channel 32 can be formed in the surface of
the substrate 10, the lid then having a flat profile over
the position of the wells.

The sealing surface 22 between the lid and the substrate
needs to define a sealed channel between the two. The seal
might be achieved using a compliant surface 22, for example
a gasket mounted on the substrate or the 1lid; alternatively
the 1lid might be formed partially or entirely of a compliant
material such as PDMS. The seal might be formed using
hydrophobicity of the seal region, such that solution in the

channel 32 does not spread to wet the seal surface 22. The
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m ght wet the surfaces 22, a degree of wetting between
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exchange of conponents between the filmof liquid in
the seal region, and liquid- gl ow ng through the
channel, can be accepted as negligible. The nethod in
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The method in which the apparatus of Figure 1 is used
is as follows.

With the 1lid removed, the substrate is placed in an
automatic pipettor, and cellular entities are dispensed, one
to a well, together with a volume of medium that
substantially £ills them. The pipette is sized so as to hold
the cellular entity within it. The cellular entities then
sediment to the holding position in the base of the well.
The 1lid is then fitted and held in place using a clamping
mechanism (not shown) and liquid is flowed through the
channel 32, contacting the menisci in the wells.

Contents of the wells are not actively flowed out of
the well; compounds exchange between the channel and the

wells by diffusion. The wells and the channels are scaled so
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400s for a 200 pm well. (Al nost) conplete exchange of
one protein for another w LI gtake | onger,
corresponding to Dt/12 of around 5. These tines are
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well. (Almost) complete exchange of one protein for another

will take longer, corresponding to Dt/1? of around 5. These

times are long, but not too long for applications in oocyte

maturation.
The channel 32 is preferably emptied before the 1lid is
removed from the substrate. In the present embodiment this

is achieved by forcing gas through the channel, so displacing
liquid through the outlet. The wells have no outlet, so the
liquid level in the wells is negligibly affected as shown in
Figure 3a and 3b. The 1lid is then free of solution and can
be removed, leaving the cellular entity environment in the
wells unaffected.

The handling system preferably comprises means for
tracking the status of the cellular entity in each well, and

the application of compounds to them. It might then interface
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notion by liquid flowin a channel in the sense of US
6,193,647 - rather it is digpensed into a well
simlar to those known in the art, but wth inproved
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with improved features rendering it suitable for retention
of a cellular entity in a chosen position within it and to
give easy exchange of liquid surrounding the cellular entity.

In oocyte culture it 1s necessary to maintain the
contents of the medium within certain limits. In general
the medium is ideally in equilibrium with 5% CO2 in air;
metabolism by the oocyte means that gas is required to be
supplied to the medium in the vicinity of the oocyte. In
conventional culture this occurs by diffusion through the
medium from the incubator atmosphere. 1In the apparatus of
the invention, gas diffuses from the medium in the front

side channel into and out of the wells. Particularly if the

medium is stationary for a period of time, it is
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hydr ophobi ¢ materi al such as porous fluorocarbon film
m ght be used in a |lamnated jconstruction to formthe

wel | base. 15 In another enbodi nent, the well is
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second well, as shown in" Figure 4, or to a channel
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construction to form the well base.

In another embodiment, the well is equipped with a
channel leading from its base to a second well, as shown in
Figure 4, or to a channel which acts to hold liquid which
can flow into it from the first well, or can be dispensed
into it from above. At least the first well is designed
also to have its contents aspirated into a pipette. The
second well acts to provide a flow of liquid from the second
to the first well during aspiration, this flow acting to
carry the cellular entity from the well into the pipette.

Observation of the cellular entity might be done from

below or from above. The holding position for the cellular

entity in the well is preferably at the base of the well,



provide an optically clear interface. The wells may be
separate or may be linked with one or nore common
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to the wells. Flow of liquid to and fromthe wells 15
m ght be entirely by neans -ofipipetting from above, or
a conbination of this and flow through channel s
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liquid to the wells. Flow of liquid to and from the wells
might be entirely by means of pipetting from above, or a
combination of this and flow through channels communicating
with the wells. In some embodiments gas pressure may be
used to transport liquid between the first and the second
well, between either or both of these and a common channel.
In this way, ligquid can be dispensed into one or more wells
on the substrate and then moved on the substrate by external
gas pressure. The gas pressure might be positive or
negative. In particular, negative pressure might be used,
exerted on the second well, to cause liquid to flow from the
first to the second well, either to locate the cellular

entity at the holding position or to cause flow of liquid



alone, i.e. there are no physical connections to the
substrate through which fluids flow, or there m ght be
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substrate. 15 Fluid connections m ght be made to the
| oner side of the substrate,1®r-to regions of the top
side of the substrate beside and clear of the pipette

§@§€S§héegé@ﬂulﬁ@”@ﬁ%&t?”wﬁ@letQQ W%bksﬂﬁﬁﬂﬂidﬁme by
channels within the substrate, or both of these.
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ST hnac 1 om GRGve, U CHe. A GponeRr ey Hida to  the
s&%ngéer{gfguéﬁ ghyghafguldseglow, or there might be such
connections to one or more locations on the substrate.
Fluid connections might be made to the lower side of the
substrate, or to regions of the top side of the substrate
beside and clear of the pipette access region, connection to
the wells being made by channels within the substrate, or
both of these. Alternatively the substrate might have
connections made by moveable components which are in contact
with the substrate when connection is needed, and are removed
when it 1is not, for example when access is needed to the
upper surface for pipetting. The flow channels to the wells
might be formed in the connection components, which in some

empbodiments then could act to programme the fluidic

connections on the substrateé so as to connect certain wells



liquid interface for good visibility. The systemthen
stores decisions on cellular entity handling for
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of the wells in a regular array assists this - the
use of such a systemw || al hgqw-a |arge nunber of
cellular entities to be handled on a single substrate
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Exanple 2 Figs. 4a - 4h show partial views o
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lslhq%vgnd Il%t[:elr acAéC f%r%dggg *!ml_glklalll\lzg 4Iq1e system then stores
decisions on cellular entity handling for later execution
when the lid is removed. A layout of the wells in a regular
array assists this - the use of such a system will allow a

large number of cellular entities to be handled on a single

substrate while minimising the need for operator effort.

Example 2

Figs. 4a - 4h show partial views of a well structure
forming part of a substrate according to Figure 1. The
embodiment in Fig. 4a comprises a substrate 10 comprising one
or more first wells 50 adapted to receive a cellular entity,
each in communication via a channel 52 having a second well

54, The channel is dimensioned such that the cellular
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channels 64 and 66 are forned in the surface of the
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respectively. The lid 60 then has a flat profile at
the position of the wells.— Iy t-his enbodi nent the
fluidic 20 connection to and between the wells is

diped, bntdieydlesi 9be doda st rfee midthervdiNarabhhat pass

of the Iid. This enbodinment allows a sinpler design

@ rdigh ang rel axes; $0g8 LONSE rabNLHONs@HSHPTREL at a seal
between the lid and the substrate when these are
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the Iidis shown i'n plan in Fig. 4e and in
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886 - 16 Channels 76 connect the
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wel | a second pair, so connectlng
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yste ln use, cellular .entities.are pi ed.i é
" Phor el Peopn® il BrgStvad o NEFLL PPot 848 second
and th nmediumis  flowed fro t?e inle |l 68
THFugne t REC HPRLERERner BA-S15°FotPhé FrFarrRgiFes 64 and
outlet channels 66 respectively. The substrate 10 in this
embodiment is shown in Fig. 4c and the lid in Fig. 4d.

In an alternative embodiment, one or both of the
channels 64 and 66 are formed in the surface of the
substrate 10, linking the first and the second wells
respectively. The 1id 60 then has a flat profile at the
position of the wells. In this embodiment the fluidic
connection to and between the wells is fixed by the design
of the substrate rather than that of the 1lid. This
embodiment allows a simpler design of 1lid and relaxes some
constraints on alignment between the lid and the substrate
when these are joined.

An alternative arrangement of channels in the 1id 1is

shown in plan in Fig. 4e and in cross-section in Fig. 4f.
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the first wells, or mght be the sane size or |arger
w0 pooshes1zcase where they all ow pi pette di spensP@yGBr004/003886
aspiration, or act as sinple overflow wells w thout
bei ng connected to an 20 out ligt -channel. I n sone
enbodi nents they may be vented through the lid to
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flowed from the inlet well 68 through the inlet channel 64
15 to the first wells.

The second wells 54 might be of smaller diameter than
the first wells, or might be the same size or larger in the
case where they allow pipette dispensing or aspiration, or
act as simple overflow wells without being connected to an
20 outlet <channel. In some embodiments they may be vented
through the 1id to allow escape of air as they fill.

The wusefulness of the paired well concept of the
invention is illustrated in Fig. 4g. The first well 50 is
advantageously adapted to hold the cellular entity 14 in a
25 confined position in the well, so as to give easy location

for microscope observation. Ideally the position is well
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the constriction by the flow, and so the well can be
significantly larger than the cellular entity and
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apparatus of 20 the invention to be applied easily
also to cells smaller than qocytes, such as mammal i an
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ffﬁ&“ ?%Oth%jﬁbaggggtls H%_ to the second. In Fig. 4h an
alternative embodiment is shown in which a constriction 86
15 is provided within the well rather than at its base - this
has the advantage that the cellular entity is centred onto
the constriction by the flow, and so the well can be
significantly larger than the cellular entity and still
achieve precise localisation. This allows the apparatus of
20 the invention to be applied easily also to cells smaller
than oocytes, such as mammalian cells.

The well 50 and the constriction 86 can be fabricated
by any means known in the art, such as moulding, embossing,
laser drilling, conventional drilling. Alternatively the

25 constriction can be formed in a component such as a silicon

die, in which through holes can be formed by means known in
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The channel might be of uniform cross section between the

wells, or preferably has a portion of smaller minimum

15 dimension adjacent the well to retain the cellular entity,

with larger dimensions elsewhere, so as to minimise flow

resistance. A preferred means of forming the channel is to

laminate a layer of porous material between two non-porous

layers -the first (ococyte containing) well might itself be

20 partially a cut-out region in a layer of porous material,

the other edge of the material communicating with a larger
channel leading to the second well.

In a further preferred embodiment, useful in

applications where visibility from below is not needed, the

25 base of the first well is formed by a porous material, such

that medium can flow through the material and species diffuse
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wthin the substrate itself. The rear channel m ght
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just lead to a single connection through which fluid

can flowin either direction.idn use the enbodi ment in

Fig. 4i operates as previously 25 described: oocytes
Wiehadded or ;hanyed ks dH pehke whbbrkide 158 n@vedilular
fl ow of suspension solution through the channels WO
4P05/P23124 PCT/ GB2004/ 003886 - 20 162 in the base

of the wells is controlled by the pressure in the

channel 156. When the lid 158 is replaced sol ution

can be flowed through the channel 154. In order to
expelg, git; from the channel, it is necessary for the
advanC|né£% meni scus in the channel to contact the
liquighdn theweld 5 eﬁqﬁbaiﬁ@ﬁit £n i %f'é@l@ul@ﬂ: entity
appropriate design of the wells, so that the neniscus
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or removing oocytes, and when in position sealed against the

substrate forms a liquid-tight path from an inlet, through
channel 154 to an outlet as in the embodiment in Fig. la.
The rear channel 156 may be formed similarly between the
substrate and a removable rear component 160; alternatively
the rear component 160 might be bonded permanently to the
substrate, or the channel 156 might be formed within the
substrate itself. The rear channel might flow between an
inlet and outlet as shown, or may just lead to a single
connection through which fluid can flow in either direction.

In use the embodiment in Fig. 4i operates as previously
described: oocytes are added or removed by pipette with 1lid

158 removed; flow of suspension solution through the channels



formng an array of wells in a photo-patternable

material such as the photoexpoxy SU8, or simlar
whpma2ireans. Exanple 2b 25 Figs. 4), 4k and 4BCEHOB8200a/003886

further enbodinment with simlar features to that in

fig. 4i, except that here thejWD 2005/ 023124
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as micromouldlng, microembossing, laser drilling,
photolithographic patterning followed by wet or dry chemical

etching. The microwells might be formed in the material of

15 which the substrate is made, for example by laser drilling

a pattern of holes in the portion of a polymer component.
Alternatively, the microwells might be formed in a separate
component which is then mounted in the substrate component

150. In this case advantageous fabrication method are for

20 example etching wells in a silicon substrate, patterning and

forming an array of wells in a photo-patternable material

such as the photoexpoxy SU8, or similar known means.

Example Z2b

25 Figs. 4j, 4k and 41 show a further embodiment with

similar features to that in fig. 4i, except that here the
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160 as shown in fig. 4n. Liquid flowed through the

inlet channel 158 then contacts the nenisci in the
wowrdos®23and 25 all ows nmediumto flow through thECTHEBR®4/003886

Contact of the nenisci and expulsion of air fromthe

i nl et channel 158 can WD 20054023124 PCT/ GB2004/ 003886

- 22 be assisted by applying a pressure fromthe rear

ci GechQ f@é’eltelg% BN SCUS| § 0 £lhg tOpe Ofthe ¥el ke wells,
Pephier f

n use, oOocytes are pipetted into the wells from

agﬁgyﬁpgaQQeg?%% pﬁ%EFﬁﬁgtggegtEﬁg bbgykgﬁofréﬁtﬁéfo@y Fig.

onto ocation position e wells are

ﬁ?%ﬁ%wass acogﬂr?t&lix%f glé' wggcfli 9% 4m.Aand a;&ré bfinddeed as in

pi pette volune cou osen to keep the neniscus

| ose, to, but not eﬁggs y,a h %g% eawelil, fig 4k,
f%ﬁé 6%%yteslgan%§e 0 sé%v%dEFPg%1%% ovégip%?aﬁggﬁntolg
he axis.of the wells,. if visihility i ti
E gtolugﬁ“ac r)Pocﬁﬁtteer&ne;tllé\/ela;/ﬂ?h%élxbl 5 %%%&%eao%]é%?%eﬁec on
fr t he side.. The .apparatus ¢ e, [ id
51 4B PR S SR T or (A i br betone TS par i
sed, ,and t.h noved back to vertical to allow
fgioﬁ’etcﬁ’@rﬁ’@ée?&ﬁw side visibility is needed, the
wel | s shoul d be arranged as a 1D 15 array; if
visibility fromthe top is adequate then they can be

arrag&g&@jn éP. In either case, the small size of the

wel | heG close arrangenent neans that a large

T oo o 2 SR8 ) LSO LE LB o qoovee
AL L3 2800 25 0, SOTBL) $400 2 COmuLer A oo
Lol ng Lnspeck Lon  The U ect, acl L on 91 %6h OBBcyees.
fﬁglgg¥¥ététénfﬁiéIé%%fgééﬁgégif{gries and when filled with
medium, retain the medium by means of surface tension. YThe
substrate 150 can be formed from hydrophilic material (e.g.
acrylic) and typical diameters of the wells will be smaller
than lmm, and so capillary retention will be effective. The
oocytes can be retained in theirlwells by simply covering
the top and bottom surfaces of the substrate with coverslé66,
168. This forms a very simple and easy-to-handle means of
transporting the oocytes. If the oocytes are to be perfused
with medium then the covers are replaced with flow lids 158,
160 as shown in fig. 4n. Liquid flowed through the inlet
channel 158 then contacts the menisci in the wells and

allows medium to flow through the wells. Contact of the

menisci and expulsion of air from the inlet channel 158 can
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Fi gure 40 shows a further enbodinment in which the 25
oocytes are positively retained in individual

wo omanrams when the flow channel lid is in plBCEGBRW4/003886
this enbodi mrent the WO 2005/ 023124 PCT/ GB2004/ 003886
- 23 lid 158 conprises a frept _side flow channel 154
whi ch communi cates with one or nore channels 174,

bseﬁag’g ié@e?l ',bg/n a&ﬁ%]}ﬁr{d’] s?n';t% Jﬁﬁnd{:ﬁgetr%rar(’fside to

anne at of t oocyte, so

Y S DA NP0 e 0{%5 §9t BhLngehhe qiannel 154

theer l(:,‘rg:']natl 823 (0] reverse ow gr : er graV|ty i f

til té%l or° Y'urh &Q{JDEI’SI gé?vﬁé‘gﬁ%&t%ﬁgée oé‘?%%a%% efrﬁm above
cEhads oo e °fb TR B baP o Phe LB graripy onto
t%&”pyf%e?”ﬁja%%h‘sﬁﬁi ﬁ%ﬁb SS'V. el ol %%E'aE?FLS%é“%{er sPompletely
. hBodien st SPie 2 nuBht (5% rRSCREEOmISIarS ey be
Qe For RaFy &S{ﬁ ?ﬁ%ﬁaﬁs{#ﬁe'céf%%% 58 P, S¥EdLy at,
Ut asadng | B arie st e opotktEs Wi f stk from

may be nmade of a mgbl ar dia ooc tes S0,

Hiitfer (HRSeL Sk Tt APRea iR & qﬁa%" t Frghires o

be of unlformd aneter, or of r di arreter at t
AP Db V\Azfiwt%r%trlr aif? nc??gbe48bs’8ffveg from
simlar dianmeter to the ooctes. In the case th

504 | sHBat h i Shof 2BPRFREHS didfenSRoPRT & o%ytlg§ Me o
the pipettor will not be acconmpdated within t
sictlle ahdsEendand bendPFARged £5O5ERPS (16 iR 43fdacend then

of the substrate 150 around the nouth during ,
moved back to vertical to allow pipette access. If side

visibility is needed, the wells should be arranged as a 1D

15 array; if visibility from the top is adequate then they can

be arranged in 2D. In either case, the small size of the
wells and their close arrangement means that a large number
of oocytes can be cultured in a relatively small apparatus.

The system in which the apparatus is used is envisaged as

20 comprising a computer which will record which oocytes require

intervention following inspection. The correct action on
each can then be taken automatically once the substrate is
returned to pipetting orientation.

Figure 4o shows a further embodiment in which the

25 oocytes are positively retained in individual locations when

the flow channel lid is in place. In this embodiment the



25 the pipetting process. WO 2005/023124 - 24

PCT/ GB2004/ 003886 Exanple 3 Figs. 5a - 5b show an
w@bdospoeEd ve enbodi ment of the invention. |n FCYGB3®4M03886

first well 50 has a base portion 90 of dianeter

chosen to acconmodate the ceblular entity and a 5

wi der nouth portion 92 which acts to acconmobdate

cf’etlt5'8ngcoﬂf3rh_lsgg'da'rftrQ)ntthesW@lel fhogha@ind?2 154 which
communi cates wth a second well 54, again with a base

é&ﬁﬁdrﬁ%&%@%&%%r%&féoghgﬁneig EV@ SPatb8 to align

substrate I's shown fitted with a conpr|5|ng a
ﬂk?tt dv{?l secpesl Ch’f‘lﬁ‘@e&farﬁéfﬁfdo@Gthéocﬁgﬁﬁ@l is smaller
anne ow froman inlet we to an outlet well in

‘g}ha% W%%%r OF Rk LBcyiB, eash Qfthe lls{hé‘ ococyte from

capi | lI'ary stop exists af'the janction &t ween t he

1%‘3‘!.{1 HLT %tr{rhe & dutn xn@'ongi%rloggsgfp@'eVeQ%e flow or

stra IS arrange
J}yadéfpgfg{fft ngt hceHee é&n@%@é@ﬁ?ﬁ %5 eresls‘}g edﬁ&rgﬁﬁstrate
a nen cus I a narrower channe Ina W

fé’tﬂg;or eﬁlﬁteﬁwc&r SSrl& %%L*lé%f %io%ﬁ t 0 ﬂ?vﬂah}.geembodlment

neni Scds N der” porti not in

R P Rt A o SR 5 Redt Ul Ergupgbetrate
{af e&%m@a% cgfocaﬁqé' 22@2%&%%?%5@3%2?&%6% This
10 ?%#éb#éghégéétfﬁé hgbﬁofﬁ} %%é? ﬁgan%§¥¥gaﬁta3edeVice
B ToRs B sja%%v%ftgg CaRFE APy "FBp F0G I on

%; Io&g\l;\ﬁie%l rcs.'l.t We' ltha-Ehe oocytef % Obsgn %ﬁnre%ts of the

invention may accommodate more than one oocyte or other
cellular entity in a given well, if individual identification
15 of the oocytes is not required. The embodiments in figs.
4m, 4n and 40 are particularly suited for this. The wells
152 may be made of a similar diameter to the oocytes so that
these are retained in sequence. The well might be of

uniform diameter, or of greater diameter at the mouth and

20 with a narrower base as in fig. 4a, of similar diameter to

the oocytes. In the case that the well mouth is of similar
dimension to the oocytes, the pipettor will not be
accommodated within the well, and so can be arranged to seal

to the surface of the substrate 150 around the mouth during

25 the pipetting process.
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liquid around the oocyte needs to be exchanged, a lid
12 is WD 2005/ 023124 PCT/ GB2004/003886 - 25 fitted
waeasioryged d fl owed through the channel 66. WhePCT/BB2004/003886

contacts the meniscus 100 the capillary stop in well

54 is Dbroken. The pressure 4/, channel 66 is then

lowered and liquid will flow fromthe first well to

t he gecon ugtil the 5 meniscus in the first well

reached ¥ he Start of the narrow base portion, which

narrgﬁ%gg %Fts a% ggRJ ?esé%kggﬁtgb%e%mﬁéﬁﬁment of the

pres chann & the pressure

acro ni_sc ;
Bl R AR B Aol s mas g cson o
ﬁ;gFaﬁgg%?g%ghggp g:%%%% ggg@g the %%ﬁﬁhh ryéﬂﬂﬂ%y and a

can en flow rou
st_wel d, h
LA R B SHEPRLAR, AR e e ﬁ@l
0 osi.t Th [
oEfRantintid) a5 z%;éﬂ%;sgy 62 MhgBh s voen o

t he contact angl e of |qU|d to th I 14 pf e
sgernd gells @%omﬁgﬁﬁntwgtgr bﬂﬁ?cﬁor% m@esﬁgeﬁﬁg a mouth
conjunction wth or instead of a_change amel&ley with

P¢ﬁ§1P8m§@ pork ot Dt Phethiel FUPSthabR lﬁy8r83R|||c and

the upper porti I hydr ophi | 2

2t ReAweP| CQFPFIBRES T ohiFTh 't@'%%%ﬁdn% ALEE O fna 6.
ressure fromth h | 5 d

Theset REapPESe GeP %'%%Saminé%% T o af’rf’er e

pressure across the meniscus i ortiaon) unti
thire megmiesc Ut rBbEhest he L I%t%ﬁqho?g ﬁ@ hyﬁﬁg hi 19 capillary

portion, whereupon the contact an Ie 25 N decr eas .
sthe ﬁﬂé§§@r@taéﬁﬁs§qﬂﬁ¥%ﬁﬂn Aer mouth Pértlon

and the narrower base portion. The material of the substrate
is arranged to be hydrophilic, so there is a greater
pressure across a meniscus in a narrower channel than in a
wider one: therefore a low pressure will suffice to move the
meniscus in the wider portion, but not in the narrower.

In use, oocytes are pipetted into the first well along
with a measured amount of medium. Liguid flows by capillary
action through the channel 52 to the second well 54. The
second well is narrower than the first, and so will fill by
capillary action to a meniscus 100 at the point where the
narrow base meets the broader mouth. The meniscus 98 in the
first well will be at or above the capillary stop position
in the first well. The oocyte is observed from below. When

liquid around the oocyte needs to be exchanged, a lid 12 1is
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I ncrease, and given correct design of the channel 52
and the WD 2005/023124 PCT/ GB2004/ 003886 - 26 - second

wowedos/ 02324 fl ow wi || cease. The enbodi nent in fPOEGB3®4/003886

and 5b is fabricated, for exanple, by standard
pl asti c nmoul di ng processes- Fbhe_base portion 90 of

the first mell is small: preferably 500 5 mcrons or
£h @$8q gﬂf cPOfIév%ki rn;ﬁ%u@ﬁ mszel dednnel g8.9hnde this
dritle or anp e by a laser drilling process. The

c%ﬁG&QQQSW%lhl §rf(=1 aryu% Hh Pr @ 'Ee@ppfléilfl% §E6?Ct1lr‘1r dihatss is

exerts a capl orce on 11 qul d wt

b?ﬁ%@%' € hecgﬁlélé Bk Cgﬁn%a%&fh%l 5 O%C@{g}?r 1\%%%& and

€ Subsfirat or an absorbent nmaterial placed

wégﬁe%ho%r Bﬁnpﬁ% fgr af,g¢{ antﬂyn%gbgﬁas 2Pil the
ubs or I

from smgermterla

S
mggﬁgg:(rl:lt% tlrrllanc oneflfglt px%ii C:%?Ehég ehed'sft Pr[tergf the narrow

an Ie s Fequired in per part of the

bﬁF&sPP bon 88Q%£%%§Wi£ %g?% Epg‘éagiﬁﬁgE§nEtop, given

t [‘ower rtion
HpH ot A R .
T RS, 0 S ey v o050 e o
gws&h sy S A T LE5RL L 0 o s
RIS I R S I U P55 e 10
SR e S S UIE e
%g%t};_%{a&%%d Ifebnlsshc%vg eoancoedlarpgeaan? Jl’enac esChtkllele qcelaplllary stop
position.

The capillary stop feature of this embodiment may also
be achieved using a change in the contact angle of the
liquid to the wall of the well, as is known in the art,
which may be used in conjunction with or instead of a change
in diameter. The lower portion of the well is made
hydrophilic and the wupper portion 1less hydrophilic, or
hydrophobic: the well will then tend to empty under negative
pressure from the channel 52 (and if the upper portion of
the first well 50 is hydrophobic, positive pressure across
the meniscus in this portion) until the meniscus reaches the
start of the hydrophilic portion, whereupon the contact angle

will decrease, the pressure across the meniscus will

increase, and given correct design of the channel 52 and the
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sequential pipetting, with liquid flow through the

wowrdos®2:aehi eved by nmeans of channel s as in t hePCT/GB2004/003886
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previ ous enbodi ment. In these enbodi mrents a renovabl e
lid is no |longer necessary sgthe first wells can be
Ieft open 5 and accessible for pipetting at all stages

af. e 199% <$§ Supsteat e, 10 conpri ses one or
nDre out et CcHanhel's 66 conmuni cating with the well

channels eggk?o rﬁéﬂ@h][n g@@l's' Ve, PLRSSYHRE jisS apptietkd®, for

t he I|qU| anne his pressure being |ess

3{}&% that ”GS‘E Hd&?df F o éiicq%ﬁup 515 18,bhescarl.! ey base

or eac |quo pi petted

At he9¥i’e' éf 'ﬂrgeg' qfl‘é‘s' ! {:E?W fromdhe if.i ffﬁre\ﬁ%' Lbly 500

nto t e channel e nenlscus reaches t he

onlsar%/%eigggl’ \M]'Flrlfgp?)r oI | 33359# pefltb%\r’]\’moulded, or

ough s con

%gtzi e ”.ezll; (G BBy process
L e

10 ooty 10 e bt ot oy g P sl ot o

ration

i t, 0 h
MAEQQ%%5§|%Q?#ﬁ§£hbS %%?Eﬁﬁhtﬁ%lmelrec %: Gy {ﬁ? gh%strate,
ISP S99 o oy SR UL, LT (Ehpger o

renotely a series of ts of dual |l chan

1S TR QﬁﬂleﬁlsﬁQflte %rﬁq%%ea% m |nto gg trom
well. In the enbodlnents in f a and 6b_t £
208YPELRs THEIGE L aoﬁos‘T“flf%nth%nt h%n%’asé fp?ﬁglﬁg}?}f if a

The
different contact angle is required in the upper part of the

first well, this could be formed from a different plastic
bonded to that of the lower portion; alternatively surface
coatings or treatments could be used to control the contact
angle in the two portions. The lower part of the wells
could be formed in a subcomponent of the substrate, by
microfabrication, for example by photopatterning of SUS8
photoepoxy; the subcomponent would then be mounted into a

plastic moulding which comprises the upper part of the well.

Example 4
In the previous embodiments the apparatus comprised a
lid to provide flow paths to the wells in the substrate.

Figs. 6a and 6b show embodiments in which liquid supply to



WD 2005/ 023124 PCT/ GB2004/ 003886 - 28 same principles
apply to the enbodinment in Fig. 6c, where the oocyte

w0 200824t a constriction 106 in the base porPCDGB2@H/003886
the well. 5 Exanple 5. Figures 8 and 9 show a further
enbodi ment of the type showyin figure 4o, in which
oﬂg or nore cellular entities such as oocytes,

r or .other c 0S4t i : retai-nedy i £l
tFRai VTSl Tockli oredied i Ret A s haTo i ga® flov
hannel .lid is jn pl Of St RlLI rakusn th
t%FTF?EuFbeSV§%5 §C§$§6?§ %gtentf%h(%%cggggﬁggﬁtg%t noEe
will be understood t LN ' 0 ;
oRbBAP e USROS BTG ng ol et | P or LasERET R, anpiyete 1id

I'si'ng a such retention

.l ocations. Th t i
S0r SPer KUY TRCERAL xanple 1500 o base Comparedys P

150 d alid | | .
5 aggslagnﬁ:]esgﬂ%)llgoc ?ﬁq]gpg%:%lglsql oaeffgl%ggggﬁlgrgl %?anc}{é Oﬁf\focess .
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conplete a flo ath through_th te | L

The B SEdRkeabl & FATBFUSPSt 8 ot BTyt oSBF AR lndit1s 66
apparatus or reno th f it.. The b .
CABEUR BRLE Se My 56 S acl oIEs Lnd The 118 TOL gegative

lid sealing surface 159, i ch, , when brought into ;
PﬁﬁéﬁPﬁ?tyléctaRQ;%%%pﬁﬁ}e¥gﬁe %+q%b?ejj?l%% rgel’ 66, this

C

SERESVEY JSaHbl e OnE 0ot s Bk e H 4 o0 Tonge TR LT Past
oyl 3Pl aced upnards, {pm LS e 2 ShopL e o phiauos
i s disassenbled. Common nunerals_refer to co n_,
opmett on IFQuEBeaoand WHBOTSH6S31 5h0n oo CRE first well
PCT/ GB2004/ 003886 .

into the channel 66 until the meniscus reaches the capillary
stop, whereupon flow will stop. Flow through the well is
controlled by the pipetting action. In this way, if the
pipetted volume is greater than that of the base portion 90,
the oocyte is bathed in whichever solution was last pipetted.
If the pipetted volume is smaller, then mixed solutions will
coexist in the base portion and will mix slowly by
diffusion. To achieve a gradient in concentration with time
in this system, it is necessary to rely on diffusive mixing
within the well (which will expose the oocyte to a
concentration gradient from top to bottom, and so might be
undesirable) or to mix remotely a series of aliquots of
gradually changing concentration and pipette them in sequence

into the well. In the embodiments in figs. 6a and 6b the

oocyte is held at a position at the base of the well. The
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- 29 figures 8 and 9. The base conponent 150 i ncl udes
one or nore first flow systens, each conprising a

wowdos/02824 opening to a base sealing surface 1BGI/GBR@®4/003886
wel | adapted to contain one or nore 5 oocytes, a

channel 156 extending fromthg well, the channe

bei ng adapted to prevent Fhe oocyte fromleaving the

sERkl pntha %ﬁ)%' g ith o | dish SOMRINI £At iFQy Widd) aunere
port via one or nore further

t%%aggggge 1sfh% %t %oggﬁg£kﬁgtg&§ 1 860Phi PREl b¥se portion

prOV| as par ase conponent to
|I|t t%_f|UIdIC comuni cati on between the port 157
an external flow system Alternatively, the
f|UIdIC connection m ght be associated with an
appliance in or on which the base conponent is
IocaEp he mell 152 mght be of uniform
cros §%§1|onal di mensi ons t hroughout its 15 depth.

The naléy9cgﬁ8fb§e%u%twe§erem 102920¢ and type

a.na |nne?nreg|on % € openi ng being so

SIS P L SR el B vl HEEETRE cnvinies

FANETO Y e .

Ll 156 TRV, have, 8. SPISLEEL LT 404 LasALet ahon ne

e TPRE R IR R B S R e
onent, 25 each go channel 214

t, .
‘%&téﬁﬂ%“%§ &houter 22831 etﬁgggﬁgéoge PFﬁﬁlgﬁr%53e155§}ll be

t he channel 214 belng in f|UId WO 2005/ 023124
qﬂ§ﬁ¢@§§ﬁﬁh/0 §§6 e invention encompasses apparatus

comprising a plurality of such retention locations. The
apparatus comprises a substrate (referred to in this example
as a base component) 150 and a 1lid component 158, each
comprising a flow system, and so arranged as to fit together
to complete a flow path through the oocyte location, and to
be separable in order to load oocytes into the apparatus or
remove them from it. The base component has a base sealing
surface 153 and the 1lid has a 1lid sealing surface 159, which
when brought into proximity act to complete one or more
fluidic pathways between the base and the 1id. Figure 8
shows the 1id assembled onto the base. Figure 9 shows the
lid displaced upwards from the base to show the appearance
of the two components when the apparatus is disassembled.

Common numerals refer to common parts in figure 4o and



- 30 comunication with a further port 217,
optionally via one or nore further channels 216. A

w0 bawsaiz2econnecti on 220 is optionally provi deRCEHEBp@AN03886
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of the base conponent to facilitate fluidic
comuni cation between the portg 217 and an 5 external
flow system Alternatively, the fluidic connection

! €3 chated with an appliance in or on which
ﬁtmh%mebsgsea%gﬁp%nent is |located. The |id component 158

channal® 2002 aralRget (oo T he Ehlne g9 SE TS BRiBe 10w

S arron w kP Ehatnel (718 e tnco b FOfhg ¢t gy base
R B SColiErt 2HaPE o1 5ougt TR fnengr more
ST chanre 1 o0 6 SR R g bt The Ehannghe. channel
o U o B EFERne F0RORNE S (HOTL e d sihe well,
e s0h. PR PPuid ¢ LRt O (ot ShoRh P e port 157,
L I LN
O e L e BhR A B S 4 BHEL Y che e
SRS B T e L el o

has glpreferred 25 arrangenent whereby the port 213

9
PREY gbat e@P8n PheH N Geaf 191y SUPFaRe 139 tamptdvely, the

I di nnect.ion to the fl ow WO 2005/ 023124
f&%%b%%%@%%y@@@é@@ might be associlated with an appliance in

or on which the base component is located. The well 152
might be of uniform cross-sectional dimensions throughout its
depth. The well optionally comprises a wider opening 200
and a narrower inner region 202, the opening being so sized
as to permit entry of a pipette to dispense and/or aspirate
one or more odcytes into/from the well, and the narrower
region 202 so sized as to locate the oocyte in a defined
position. The channel 156 may have a constriction 164
located and so sized as to prevent the oocyte from leaving
the well.

Optionally, and as shown in Figures 8 and 9, one or
more second flow systems are included in the base component,
each comprising a channel 214 that extends to a port 215 on

the base sealing surface 153, the channel 214 being in fluid
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- 31 systeminthe Iid is nade via a second fl ow
systemincluded in the base conponent 150 as

waele®sioried above, this second flow system in PEEGBa®a/003886
conponent having a first port 215 defined in the base
seal ing surface 153, and defgping a 5 fluidic pathway
extending fromthe port 215 to a second port 217. The
f [ h [ S a
%ﬂﬁ§¥ﬁ¥§§ﬁ¥€§ LA thhe leiydepad ?@%@ a1 e sgpBihanged vihabne or

i's assenbl ed onto the base, the base

g ig@rtc‘lli%lf:a%%a}{ﬁ%l%n%i@? li g s9alig subhacerisy 220 is
are rought into proximty and channel 212 is brought
%g?f%ﬁ%hﬁhdt%%o&QE@%n!Sgt'ggr%ﬁ;?fthﬁgéeceggefl8$hponent to

stem ase via ports 3 and 215. This second

L3 SRR el etse cCORMILER 150 Beiyent; ond

n the hence
tQ th | 152, i.ah . aF .
Uhrih arous e o P REhgERETVBrEnpr e 88 connection

it 207 00 XA 4l And®bf EFELTTSF crnse s SR T the

r and  of rcular cross section,
A SRR E] Ve pare o areter opening 28t
Lhe Shamsl, 15deoR0nl 000 DECLEEH SR MEEDL gy sygrens,
S, AR e PSR SO PRI enlinen 174
B el b ghannsl olet. i S acts, ARSI, fiusa
SgbodLrenl, b ELOM RS20, SOl Ul 6 ciccen o
éﬁgtg;gg>m%égxgﬁégﬁg2425%”%&?%80§409f§§3 cém%%nication with
an outlet port 213 defined in the 1id. The flow system
optionally comprises one or more further channels 154
extending from the channel 204, forming a fluid pathway
extending to a port 213. One or both of the channel 204 and
the channel 154 are adapted to prevent the oocyte from
leaving channel 204. A fluidic connection (not shown in
figures 8 and 9) is optionally provided as part of the 1lid
component to facilitate fluidic communication between the
port 213 and an external flow system. Alternatively, the
fluidic connection might be associated with an appliance in
or on which the 1lid component is located.
The embodiment in Figures 8 and 9 has a preferred

arrangement whereby the port 213 is located on the 1id

sealing surface 159, and a fluidic connection to the flow



abutting the ports 157 and 217. These connecti ons may
take any formsuitable to communi cate between the
w0 b@dosiiet ens of the apparatus and any ext er neCT/GBoMW4/003886
systens or appliance used to provide fluid flowto or
fromthe apparatus. For 5 exgnple, any or all ports
m ght be brought into fluid conmunication with ports
associ ated wth_ an_external  appliange d1,A0 MY, included
SY(?\%W T g]ﬂ% gi%fi l"?hégggpgrlgt %s%r%c%ﬁt be d?syisgned 1o
interfit with an appli e_in ; y al irgn st h&cond
11&03:?@ \}aatq? p%?I{I%O]il L 256 as c?éjsc& HhMYaBSve b S c

cat on t heappl'1 ance, so

llowing fluid to b d b
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i Y devi Rt b \ t _
2Ehe”odbe TN [ SRl 1R, BRAVDESE i Uhfhemnoed
lid t ight b dated i

chanoATBenenLe JIgN e scgerTRoated A8 SAED e base

handl ed as a group, This epbodinment mght 20 Db
Sﬁaﬂﬁﬂgul%%qﬁﬂ%végﬁagaéﬁistgg ;%%mﬁﬁagﬂgers%feas%l 3 are
devices to be arrayed in aformai gpatible

appar

. i th, .
bspuabar dntpobbPiemiFii aRHaRBRTRG 5F (RO mf‘ét into fluid
sealing surfaces 153 and 159 m ght be pl anay oglhﬁm!ghte via

chaventeatipes witdt B §ECePgs e oS ¥l tp

caSeintgus Lhemuhen, 1oy are el 410, BL gAY o SHChusasc
that act to WO 2005/023124 PCT/ (B2004/ 003886 - §313 in the
chomynike tdenf edareesydifife Pt | il Al RRANEAE PR %th

lrj)_ld?n(?and hence to the well 152.

The channel 204 might be of any uniform cross-sectional
dimension. In the preferred embodiment shown in figures 8 and
9 the channel 204 is tapered and of circular cross section,
with approximately the same diameter opening as that of the
well 152.

One or both of the channel 204 and the channel 154
might be sized to prevent the oocyte from passing through
the fluidic path from the well 152 to the external
connection. Optionally, as shown in figures 8 and 9, a
constriction 210 is provided in the channel 154, which acts
to prevent passage of the oocyte along the channel 154.

The embodiment in Figures 8 and 9 shows the fluidic

connections 218 and 220 as Luer-type, with a tubular portion
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parallel to the surfaces. Preferably at |east one of

the surfaces is forned froma conpliant material,
waele®posaet ei t her over the whol e surface or onP@I/GB2G0WO03886

vicinity of the ports. 5 Features such as raised

portions encircling ports Lnzene or both of the

surfaces are preferably provided in order to sea

ces | | .
PSR R T bR T B A (OGS BE ey rake
fabri '
R0 ae i SpiEeRte Voo boaRRE e R Bk B TR A Sl dcsy30ens o
d_9 _h desi t hat all i .
i aPpar et alo RRLany o Hh ot Hatsat 8 bpt tance vsed
articul

I d f i h i f
B ReR Ak RS A To B o te aRbaatisy PO

observabl e when | ocated in either the 11 or._15 .
RS A 5GH GdecPaFES I TLERE qbby P8 oS ooaPhy FLuid
in the inner regi.on 202 of the wel in which case
CORBUBSER e Oan "15e! 0%t vod ?ﬁ?%ﬁbﬁjc?ﬂe Yoy fse g¥ternal
chﬁ.mell..ln the design in Figures 8 and 9 this base . ..
SERMIAATE dapt il Vot opetti €9 t Tan bet thodbrtus mig
confralled easi]y in_the 20 fabrication prqocess. The
Phe egs&géﬁdo%so o’o‘gi"e%%“ﬁ ofr- i Y aPE:H%aBB ecty V&S (Faray as
an be matched to the optical_ properties  of the solid
2SFR BHiS REEES af i CangoRiFe ISR IR BonetNE hPdlgh ace, SO
depth of liquid nmedium of variable and uncertain
2 lopdngi éduithifoudiet 49794 et e®agai nst a
filter 25 nediunb with uncertain contrast. The base ,
conpdhént PaFSt heS @bl nehtd | 198 giiedts BRd mppvided with
2005/ 023124 PCT/ GB2004/003886 - 34 9 is shown as
feapresi nded sodipparier3e Pa weteAngce tamstifey when they
conponents of the flow systens, including wells,
are assembled. Such features might be snap-fit features, or
other clip-like features that are formed as part of the
base, 1lid or both. Alternatively a separate clip or

mounting device might be provided to retain the base and 1lid
together. A plurality of base and lid components might be
accommodated in a common mounting device, for example to
allow them to be handled as a group. This embodiment might
be particularly advantageous to allow a number of smaller
devices to be arrayed in a format compatible with standard
robotic fluid handling apparatus.

The sealing surfaces 153 and 159 might be planar or
might have features that assist closure of fluidic pathways
through them when they are held in proximity. Such features

might include indentations or keying features that act to



channel s, constrictions, ports and features

facilitating external fluidic connection. The
w@orepoesaed s open to the 5 major surfaces of theCTG#004/003886

part will be in the formof open channels or other

features. The body part is_sgaled to a planar

conponent 232, which acts to close the fl ow conponents

f | f.ot t.
hgﬂwg}ﬁ?;’sﬁﬁfgﬁ%ﬁr%% Lipce af gﬁo%%ggn%monﬁﬂ_ the plane

onent is S conprising a

d 9:%31 9 %ttgé%u%'fg%%%w t{%@af% 89”&%%%%% (S%y%&of the

eferred abrication net formt

Sgmpnents Lromrpylded POVG and LIS HLANAr a1 oposed either

conponen rom- gl ass, then usin

activatio f ane _or bath jeinin rface.to hi gye
Forhs heteat GLekRoty RRTHoU T & Rel I CTE khogh FAC POTES"
s dBSay ACAUELENERLLOD SELhode, 8 SOOI, one ox
ei.t her ith a dified plas bondi n rocess oOr
bl?élﬂlngog %recesq a‘%’]%ﬁlf daF%ep&? rﬁlgﬂtly g%jgo?rg%%r 1pa qrder to
t ther, f . le b | anpi lip-fitting. .
S 1 LR oPi BT et HOUR St bad 509 nf&eLPRR T0F @ given
| di ng or, enbossi m ght be ed to formone or
o GRS S T PREL AT ASRE AR (1 Gure §
shows the channel s and, ot ek tlo%/conponents forneo!h q
in t FEDRBP2 o NeHt sP2362PF5352ateR AiYt QW methods as
enbodi nrents one or nopre fl ow conponents mght be
10 RGP d-THone yaBF'paFP?aleWOFi\lgrvaﬁgp SHQWE) dfartioures 8 and 9
conmponents 232, 236. Typical dipnensions of the fluidic
Mgt Br S9N nERoB Z00KIT 32247 ST/ EBPE64/ DD3ERE SEiags and

apparatus are chosen to be appropriate for the type of
fehnigaar B iy A% € REndPEd -anft PRETIAHAARAEY advantageous

application. 1In some applications a single cellular
faRtune s &haykalif transparent materials are used the oocyte

is readily observable when located in either the well 152 or
15 the channel 204, especially if the oocyte is located in the
inner region 202 of the well, in which case the oocyte can
be observed through the solid base of the well. In the
design in Figures 8 and 9 this base can have optical
properties that can be chosen or controlled easily in the
20 fabrication process. The design allows observation using
lens objectives that can be matched to the optical properties
of the so0lid well base material, and which is not done
through a depth of liquid medium of variable and uncertain
properties, through a filter medium or against a filter
25 medium, with uncertain contrast.

The base component of the embodiment in Figures 8 and



group of cellular entities are required to be held in

5 individual wells, to achieve an individual chem ca
wepwsozaieent for each, or to place themin an BEEGB004/003886

| ocatabl e X-Y position. Exanples of such applications

occur in enbryology, e.g._hapdLing of oocytes and

enbryos, in which individual control of the chem ca

£nykr R giggrgo%i#%er%esy %Hoogzcsﬁgr{'.s 340 ,usﬂlu'wﬁi(bh are

be able to observe nu rs of es or enbryos

cg?@sr{'et& EBm{;BSeﬁQEaran USLUSIAG,.S agggteﬂgve'ﬁ{&%ﬁn Nyells,
-Y stageé.

n such appl rcations t rAnef region o

%ﬁ%ﬁﬁ@%é S @EBEFQ§C%Féﬁg{tg%§?%§iQﬂ? l%e%t%&gglefacgii@ating

ndnmber of “cel ies. Thérefore a cross

e%(gce%glfatel; ogﬁgﬁgkﬁqﬁ%ﬂ%ﬁ%c@io&pe i Her cgoﬁ%gc%ger?%s t Bgeﬁglﬂo the

era range "1 to arou mes -t
S oSEpI 1852 LSSl SR 1o 16y BELT Forkl open
SR P B Rurehr, Y55 AR OBRE S bnea <o
ST (PGB B ELROL 1%, 3By o cbBorent.
S04 o ShLIvigof Manding ol ol Gl BB | Bhpponent.
SRy BECLBLRE a1EE 10, ML J00 U BT oy
Lo 35 Bl e LIDST 08 80 L0 L R g presersec

2005/ 023124 PCT/ GB2004/ 003886 - 36 gﬁg{ﬁUﬁ]dinension
fopmira Tdan uP&heRti +5. Sfhe TReM sthandYthe LRGeS From
of the flow systens, can have any cross-sectiona

mepgiiace RBYF oicht B1Eo RYRNAGpEPTRAEFBRSarip2 and 236 from

fabrication nethod. In particular, for ease oL
glass, then using plasma activation of one or both joining

surface to achieve a bond. Such an assembly method is well
15 known in the art. Alternative fabrication methods are known,
for example using a plastic planar closure component, either
with a modified plasma bonding process or using a force to
hold the body part and planar part together, for example by
clamping or clip-fitting. Plastic formation methods such as
20 injection moulding or embossing might be used to form one or
both components. While the embodiment in figure 8 shows the
channels and other flow components formed 1in the body
components 230, 234, in alternative embodiments one or more
flow components might be formed wholly or partially in the
25 planar components 232, 236.

Typical dimensions of the fluidic features of the
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enbossing froma machined nould, or may have a
rounded profile if etched frgma solid substrate
using, for exanple, mcro engineering nethods as 10

et 4, st %&‘éarghé%éﬂiOft%brbéatd@k&ﬁ_@ﬁ@@ée$oﬁrucbh@8 type of
photollthography / filmdeposition’/ etching processes

&ﬁhﬁ%ﬂ%@%@ﬁée ﬂ@ﬁdf‘écﬁ” AN ghaenstendel application.

channel ng fromthe , Or a constrictioh in

frhe ghanny ?pl'lfca%ri%n'ss resh ELe i%1110 Lhosgpity B a small

sufficient to retain the ceflul ar entity agai nst

d‘%\{ﬁ%% %E'ﬂﬂith?}?’ooén%i%gt ouggghg§eﬁ’e”:oar}5’e held in

wance made for any tendency of the

1Crﬁl1xylcﬂ[a ent hEXlst 0 def ormunder p%ﬁss%r?dlxﬂﬂﬂ er padmical

ni mum nenS|on of the constriction i1s of order

%ﬁ‘ { nésrl&gns £ HOR e ag:ﬁ;gs' Q} Of 2%&5%% eRblhy - 1ﬁxagﬁ| eea51ly

odi ment of ures 8 and

Sceaﬁ’gglhe (5909/ OSlaCr}Lq) enbrEXL)%%qlﬂ.h o%s sﬁl%y g@l&?altlons occur

nenS|ons ar & Appr oxl mat
B A S B0 A R L seﬁ% (L JBAR B wnson
! acg'ericﬂgafl gcg)%%l}go dl %necél:gp%h? g\bl ggrg%?%(g%%ﬁtz%ght be
et 2%2szCfagc.»r%fgélmgggégsg?vahﬁu@bem o
| aneter at the openi

osoeca&rds% S 20 50 BRI oL thim o arrgter CHPCPRAGr i oPLd
el apel ongal e uncty onuid h e, SeIseie snner
region of the wells will be sized to retain only a single,
or a small number of cellular entities. Therefore a cross-
sectional dimension of the inner region of the well is
preferably in the range 1 to around 10 times the maximum
cross sectional dimension of the entity, more preferably
between 1 and 5 times the maximal dimension. For example,
for use with oocytes and embryos of maximal dimension 100
um, the inner region of the well preferably has a dimension
in the range from 100 um to 1 mm, more preferably 100 um to
500 um. For culture or handling of single mammalian cells,
or small groups of cells, the well dimension will preferably
be in the range 10 um to 100 um, more preferably 10 um to 50
um. In other embodiments part of the inner region of the

well has a cross-sectional dimension that is less than the
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An exanmpl e of the fluidic connections and operation of
the apparatus is given below other forns of

w@orvseziieon and operation are possible and w p&i/GBRGv8/003886
scope of the invention. The apparatus is first
di sassenbl ed to give access §g _10 the well 152. The
well 152 is then part-filled with nmedium through the

m%%é&uéﬁélm%%EQ%ﬁHJf H%(%gwfﬁﬁdfﬁ%ﬁgi via channel

€ 0 norée oocytes are pipe nto the well,

0 408 4,150 Asenitl a0 e, Ui Jese e e, can

flui 5t hi ough € apparatus ca
15 t 157, wh
h%é%al orncfﬂas F%Skeﬁna oogXPfU|d p%?%%aé ge Geen® the
t Ll 164
GBF AT SR st R A AR g oo

then be flowed thrqugh t LI
o A G i By 1 oA Y T BT Pestd A (FEORETFeCt Lon-

tt th 152 h the. lid
o3 NS 0,1 Lo the MELL 302 WL (e lidinar crose-
h | 156 h I dt t .th
SEFT0%: i TOH TR BT | BRULRAOHs ORI RGAOYs Jf%o%ﬁi%%%hmed
lete fill f th tu t
OBk bt ot WIS AR YD L Sl e hout o1
the s sten1effect|vely i f they shoul d be lntroduc%%ods as

S’Pbété@ftgnglé%ﬂé}ﬂ of OFi ﬁﬁaé@lse'anlaléro?bg%?%ﬁl% me
2005/ 023124 PCT/ GB2004/ 003886 the fluidic

§§@hmayﬂmhéﬁapﬁérgppé?%&ﬁ&?qg¥%%ﬁﬁﬁﬂﬂ edPEBFpFFeEs Spch  as
tapered well 152 ad10|n| a tapered channel 204, is
pﬁlavrtﬁlémh@rglrﬁpﬁﬂ@f er £ édm; ﬁ‘geﬂﬁ’isétrlé’é’pe/ct ehshipohgy qeesives as

found in experinments that this arrangenent gives

Aprihf iftand 5 subsequent clearing of bubbles
that other arrangenents, such as wells with squa
baseghqnm¥nﬁmm@yglmﬁnpﬁ@naggén5|é@annel leadlng from the

well, or a constriction in the channel if one is present, is
chosen to be sufficient to retain the cellular entity against
movement with flow of liquid through the well and channel,
with allowance made for any tendency of the cellular entity
to deform under pressure. A preferred minimum dimension of
the constriction is of order half the minimum dimension of
the entity.

Example dimensions for the embodiment of Figures 8 and
9, for use with oocytes and embryos, are as follows (all
dimensions are approximate). The well 152 is of circular
cross—section, 3 mm diameter at the opening 200 defined at
the base sealing surface 153, tapering to 500 um diameter at

the inner region 202. The well is around 3 mm deep. The
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appar atus whi ch have overhangs or sudden changes of

dianmeter. For this reason, designs where the openings
wQ@oedsieiehe wel |l 152, and 206 in the channel PROHGBag08/003886

the same cross 10 sectional shape are preferred. The

present enbodi ment in whichsyhe openings of the well

152 and channel 204 are of circular cross-section and

h | anet [ ti f
chafnRde 28h IF ard Do Thow i f (s L bR e] quetl of
whi I [ it f I i ded, ,
Feshlrd St 2 & BLoreRLEE  reatie, cpping 206
TR L S Pargeh T s e TAT S e Bhndl o gaster at
shpS Pl ULty of vell e otk R TSI AR ene

im | th h in Fi, d dth .
FadpaiedSdre [ CRBHWH e e URIAI RS H Qb high-
Fgule Frarg e s S o e RO oG et at ton of
cross-section, at Y-Y. %5 The appar at us coggEises a . d
thgs@PPakpGHENE S186VERdPE P d irBBHsY9FRI At connection an

PCT/ GB2004/ 003886, - 39 _component 158, which can, be ,
OR&EEHBPBdaEBgRPPRtPEe 3R M it dSFPBPdP% pAgpinvention.
through the apparatus froman inlet port to gn outlet

por t Then@Rea A& Sdi ishs5ehdt edl 885870l 82 cE8s Flye tafFess to
wel | 152. The base conponent, has a base seal

thgr gdd 55253 Fh@ tiedll ilPdhds L£hsw %ae%ﬁ‘uﬁﬂglllsﬁrjﬁ?f%%‘%h medium

159, which when brought into proximty act to ,
thgppost ethe npewér 97 i ndisdinguaf Ui fiedicop My 218, via
bet ween the base and the |id. The base conponent
chaengdesl %6 pl urdgld t 9roMdOWO8YEE@fs 2¢achiretted into the

well, and the 1lid 158 assembled onto the base 150. The
fluidic path through the apparatus can then be filled via
port 157, while the oocyte or oocytes are retained in the
region in the fluid pathway between the constrictions 164 and
210, i.e. 1in the space defined by the well 152 and the
channel 204. Medium can then be flowed through the well in
either direction. The oocyte can be retrieved from the well
by pipetting from the well 152 with the lid removed as in
previous embodiments. Flow through channel 156 might be
enabled to assist the process of aspiration.In operation it
is advantageous to achieve complete filling of the apparatus
with liquid without trapping of air bubbles, and to clear
bubbles from the system effectively if they should be

introduced. The arrangement of Figures 8 and 9, in which
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conprising a well 152 opening to the base sealing
surface 10 153 and at | east one channel 156 extendi ng

wo e@soedieds wel |, with an optional constricti onPABEBRIV4/003886
t he channel that prevents the oocyte fromleaving the
wel |. The channels 156 are hp fluid communication
with a first manifold channel 250 that extends to one

S BRLEGRS B84 ERy 00 SIS 10 SOt

connecti on
act_to allow. fluid, flowto and fro | qw e _
aex%%?%ﬁ?dtaﬁ?ﬁe gggar %%%%n%%gfFgugésﬁ%eghé§¥§ﬁ} L 204, 1s

BIPNEE 580y SRR 8 (IS BAEAD D A S L e founc
e b LB RS S SR, S el Bl e Sbiming anc
9. Th nbodi it i n _Fi 10 im ]l f d
SRR et B 2ha, S AP PR B2E B AL, B By BhRLE S sucn
quiq#c coggections a%e made vi a the base:co onent mbled
afsgelihr BibPe B R BAIRS cofporht %D iRclWtfes?2S®

second flow,system conprising a plurali of channel s

PDe LN VBA ARG T0F B 2 G0 Epy chinges”oF dfafeter.
PCT/ GB2004/ 003886_. -, 40 ort 215 defined at @@e, 11
Fodaltifig diferate ASFIoNS MY d " othighidtts 14 in the we
channels 214 being in fluid commpication with a

1ogeonanfant§ 8l d-thdfifel c28oneFhebcorftt Srarki¥ol §ame Cross-

channel _ 252 extends to one or nore ports 255, ZSQY ,
segtAoPRlf 1HMaPSs BERMBTSEEErSA -wi t hha prasgne embodiment in
connection 218, which ports act to allow fluid flow

whd Chnd- e 0P FRdW 8Fstém aarledr nai2 t 3ndt RBaapFdr £k .are of

The |id conponent 158 includes a plurality of flow
cdysiidms exOBScERpiiionngnd Ehanmane2842BpERrngsStBarhecularly
lid

preferred.

Figures 10, 11 and 12 show a further embodiment, in
which a plurality of wells are provided, each associated with
a flow system as described for the embodiment in Figures 8
and 9, with further channels and ports arranged to provide
fluidic connection to the plurality of wells in parallel.
The arrangement of the flow systems associated with the wells
is similar to that shown in Figures 8 and 9 and the same
features are indicated with the same numerals. Figure 10
shows a plan view of the apparatus when assembled, Figure 11

a cross-section at X-X and Figure 12 a cross-section at Y-Y.

The apparatus comprises a base component 150 and a 1lid
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10 sealing face 159, the channel optionally being in

the formof a tapered well as shown in figures 11 and
wda2gososa2ehannel 204 being in fluid comuni cap¢DGBRAY03886

a port 213 defined in the lid. The fl ow system

optionally conprises one oL ggre further channels 154

formng a fluid pathway extending to a 15 port 213.

&n&a%%fentthtel%an% 504#1{ ﬁ{@ 2Shanpel. 154 %hgﬁggge%m a

to preven e oocyte TromTeaving channe

%hanne&lgﬁd %ﬁé@i‘o plon hceﬁét%gﬁgkgpuglgrbﬁ gﬂeinlet port

junc

tf;%r‘L?F)EIJ g g"g%%hgﬁt%f gng%’”b'endf%%%%%bi?d 13 9e angcess to

I's made om15y

l,i,d d fl b d
tﬁﬁfeﬂﬁ&}l 8 anndres 5350 coPBUPELE Aot RebF ?owg‘é%%%é‘ﬁq prface
t L ch, h_th |, 204
2 ML gy AT A e s
SO AP anBEA T AL e ChE RIS “SBUBG ea ToRTgtvidual

h the b | f .
SRS e BB 058, 1 gy e o
surface 159 ' h el
CHTETEr ougit A9 1 iR EGHN cat? ort oY n CRANREP,  each
c%%ré%&tn%%%e&%ﬂ?s”éwa%eséa‘ei”wg%?ﬁm so2 s e PTaF gpareace

comruni cation 5 between the se d mani fQl d channe
1557 il %Faﬁﬁé?t26ﬁ¥3a%%@n%%%cig?oeﬁﬁgngﬁ 8ré%ﬁﬁ1?ﬁf well,

of well 152. Wen the agparatus is_assenbled, th
"Gpdni A t BPEAERALWeFPRE5SIFEIBR oulfit i1t o TR &hannel that
conmuni cation with the opening to each channe

PRI SS hgnReIcyEE2 Tireme heariggi §he0vBrdught ?n?BannelS 156

fluid conmunication with the channel 214 in _the
are in fluid communication with a first manlfold channel 250

that extends to one or more ports 253, 254, each in fluid
communication with a fluidic connection 218, which port or
ports act to allow fluid flow to and from a flow system
external to the apparatus. In figure 10 the fluidic
connection is shown as a tube 218 which abuts the ports 253,
254 but any suitable flow connection known in the art may be
used, such as the Luer flow connection shown i1in the
embodiment in Figures 8 and 9.

The embodiment in Figure 10 has a similar preferred
arrangement to that in Figures 8 and 9, whereby the fluidic
connections are made via the base component 150. Therefore
the base component also includes a second flow system

comprising a plurality of channels 214, each extending to a



base, for each of the flow systens. This establishes a
closed fluidic path through each well, fromthe first
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constriction 164 (if present), the well 152, the
channel 204 15 in the lid, _thg constriction 210 (if
present) inthe lid, the channels 154 and 212, the

E gfnezﬁéf%%dtﬁ gﬁg”dsea{hﬁﬂq OEHr Qé@”el53258f the base

nts are | nven on in whi

qphgo%F CO@H%”EBQEhQE w@ibé&ﬁﬁgfqﬁp%%hléoéOB%P ?égtlon with

syst emi1s acni eve one or

CUMEE o, As0riALed i U4 h% d COmROnenly; L &M Ranne1

case the Ssecon OW syst emin e %ase ussed

0 can b on1tted This m f|UId C . .
2§%nnecti€f%<§]nst ©edch 1% %]f/st g%r %Eﬂ‘%e/’ ?%6 ch” in fluid

i ndependent | ts 213 | ocat d in
ERERTRS e it Ségadlﬁ eRBRERE LR %ﬁngrnwmi:%hp%gs act
secand channel 2_is forned int
BB e L vt S0 Po 2 £ 15 s 06k Gusass: Sxtgrnal to
his case _one or nore fluidic connections may be nade
§ Fﬁgar§§&5hd mani f ol d channel V|a fluid connectors
asso ate the |lid ter | vel connecti ng
o R o oty Ha adlEas (h e Haegof £lou
in f|UId caonmuni cati on 5 MAth eac %f the ends of th %
SYSEGRG RATH oFAMBRARABE iBn TRRANET d2Mi RS FRe the 1id
apparatus is assenp] ed, aI| n and, establish fluid
SEGMHIAI &GNt T I t hae nERARR aeeeFﬂeealiwo@@l%rﬂi Hdie form
i ndi vidual flow_systenms. The first and._second anIf ol d
Oéhénﬁép§rﬁ€yWﬁéloﬁsuﬁhPUPn%n1§16P6§§ Stcindnaf, the ChaHUEl
di nensi ons along their length or these may vary al ong
20RePrirgngdth T 1HHE ERREYSEEHeT HditddingdHe 21 defined in

the 1lid. The flow system optionally comprises one or more
further channels 154 forming a fluid pathway extending to a
port 213. Either the channel 204 or the channell54 are
adapted to prevent the oocyte from leaving channel 204, for
example by provision of a constriction 210 in the channel at
the junction with the well.

In the preferred embodiment shown in Figures 10, 11 and
12, fluidic connection is made to the flow systems in the
lid via the second flow system in the base, and a further
channel 212 is provided in the flow system in the lid which
communicates with the channel 204 and opens to a port 213
defined in the 1lid sealing surface 159. The flow systems in
the 1lid and base are so arranged that when the 1id is

assembled onto the base, the base sealing surface 153 and



wel I's 152 and communi cati ng channel s may be
essentially simlar to one another or may be desi gned

wao ooob@2xed ferent. Each fl ow system appears i nPQEGERI081003886

10

15

20

25

with the others, 15 comrunicating between the first
and second mani fold channels.,, Wen filled with
liquid, the flow through each of the flow systens
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Wt WESP&QPtt bnhakﬁ%%%{mrﬁecw%n WF1 wthe opening

resistance 5 and hence the || iquid flow through each of
thesfer hannelkerPlrn aubeshPt ThAPIR adVant'dyeblis thid is
set the flow through the wells to be unequal, in
RiF R e el @ Hel Wi cherairsig GGt itte W ikdnithe! éFhé‘ﬁl&ﬁllrelzé‘l in the
and or flow systens can be set accordingly. 10 The

Rarsodi Bkt BICH | 9br &he10f199 gygtemscan BEList ytiafatehes a

bf’ the same nmeans as used for the enbodi ment in .
osed fluidic path through each well, from the first

manifold channel 250, through the channel 156, the
constriction 164 (if present), the well 152, the channel 204
in the 1lid, the constriction 210 (if present) in the 1lid,
the channels 154 and 212, the channel 214 and the second
manifold channel 252.

Embodiments are included in the invention in which
fluidic communication with the channel 204 of each flow
system 1is achieved via one or more fluidic connections
associated with the lid component. In this case the second
flow system in 'the base, discussed above, can be omitted.
This might involve fluidic connection to each flow system in
the 1lid independently, via ports 213 located in the 1lid.
Embodiments are included in the invention in which the second

manifold channel 252 is formed in the 1lid component. In



figures 8 and 9 or for any previous enbodi nent.
Simlar variations in the |ocation of channels and

wordven2fibow features are within the scope of PEEGB2004/003886
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i nvention. The 15 di nensions of features in the
enbodi nent in Figures 10, 11 4zand 12 will be simlar
to those specified for the enbodinent in Figures 8
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operation of the apparatus is given bel ow "O her
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channel,  as shown in figure 10, then éne connection
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(262) as a vent. Further connections may be provi
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%élfg %gg and cdmmunlc 1ing channe
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similar to one another or may be designed to be different.
Each flow system appears in parallel with the others,
communicating between the first and second manifold channels.
When filled with liquid, the flow through each of the flow
systems will be proportional to the ligquid flow resistance
through each. Advantageously the apparatus is designed to
have similar liquid flow resistance through each flow system,
as measured between the ports at the ends of the manifold
channels. If the apparatus is designed so that the flow
resistance in the manifold channels is negligible compared
with the flow resistance through each of the flow systems,
then by designing each flow system to be similar the flow
through each will be similar. If however there is

significant flow resistance in the manifold channel, then
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access to the wells 152. The first manifold channe

250 is flushed with nmedi um by neans of the punp 270
wowdok/oedied vent  val ve 272 open. Val ve 272 is tP@NGB2004/003886

closed and wells 152 are 15 part-filled using the punp

wi th nmedi um through the firsts amanifold channel

Cbcytes are then pipetted into the wells and the lid
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in Figures 10, 11 and 12 shows a nunber of flow
a§9§F€ﬁ§Qé§nnected in parallel between the first and
second mani fol d channel_s eC|ated

ap

ot heFhef o ERECGEMERGi dPE CSHHBE?Fon9§re Eiclﬁagd } t%an be
scope if the invention. For exa 8 ries t in
f@@ﬁﬁ@éftﬁslnb&r e HISOARAND of tl & f|f8\ﬁ gﬁet SRR S
apparatus is envisaged. Also, further first an {mi 1
fdesere nanphel @ chanhelrs aiy BESHIOYT ggfrodimen Similar

set

variations in the location of channels and other flow
features are within the scope of the invention. The
dimensions of features in the embodiment in Figures 10, 11
and 12 will be similar to those specified for the embodiment
in Figures 8 and 9.

An example of the fluidic connections and operation of
the apparatus is given below. Other forms of connection and
operation are possible and within the scope of the invention.

If two or more connections are provided to the first
manifold channel, as shown in figure 10, then one connection
(260) will function as a fluid inlet and a second (262) as
a vent. Further connections may be provided to act as
further inlets if it is required to introduce different

ligquid media into the apparatus. In some embodiments only
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each pair comunicating wth further groups of flow

systens. Distribution channels nay be provided as
w@aoos/oedf124 he apparatus, which conmuni cate w t PCT/682004/003886

further first and 15 second manifold channels in order

to provide fluid flowto ang,fromthem These further

channels may be forned wholly wthin the base
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356534 254 20D IBEBL L0 Lag Al PRer ChpbRiIRL use

adapted to interfit with_the base or._lid onponent__t
thiope fath die ESHABLEI GHEESTS -t hefn VPUKDs 2304 T8, diyagided to
may al so be provided in theﬁﬁpparatus a

ei ther as r
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5 conprising fluid reservoirs, valves ang unps may b
Rﬁ&%i;%ﬂij% petterdvable £P5m t He BPB&r F@s}%ﬂprg%lg%d to
vi ce-versa, W thout disassepbling.the lid fromthe
sk teTre Hshar sl B0 t Hee | #yeRt i 8RA%may be desi gned
to operate together with an applijance that proiiges .
and dont¥ees the FRRPACIVEW €6 andF$t ofm-ERESEPPaFTt J& 91Ve
The appliance may house one or npore such_apparat us. .
afeeseppld difte wm‘@ls‘suﬁﬁy Theuftrse, mapifetd; GRapnghi 420 1s
fromthe apparatus, or nmay act ,
flushed with medium by means of the pump 270 with the vent
valve 272 open. Valve 272 is then closed and wells 152 are
part-filled using the pump with medium through the first
manifold channel. Oocytes are then pipetted into the wells
and the lid component fitted. With valves 274 and 276 open
and valve 272 closed, actuating the pump will £ill the
remainder of the flow systems. The provision of outlet
ports at both extremities of the second manifold channel 252
allows air to be displaced by liquid in both directions and
avoids the situation which arises with only one outlet, of
the trapping of air by a liquid slug located in the second
manifold channel between the air and the outlet. The second

manifold channel fills with ligquid to both outlets, and then

one of the wvalves, 274 say, is closed and liquid will flow
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on the apparatus to produce fluid flowto or from

reservoirs on the apparatus, for exanple by applying
w@a®speassure to a 15 liquid reservoir on the PCT/GB2004/003886

apparatus, or physical force to a defornmable portion

of the apparatus to induce_fjyid flow wthinit. The

apparatus nmay conprise further conponents such as
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assenbl ed, the oocyte will sedinent fromthe well

Distte the iclmanedlantfde may be provided as part of the

apparatus, which communicate with the further first and
second manifold channels in order to provide fluid flow to
and from them. These further channels may be formed wholly
within the base component, wholly within the 1lid component,
or may be formed and closed between them when they are
assembled. They may pass between the base and the 1id
components by means of ports brought into fluid communication
in the manner described above.

Fluid reservoirs may be incorporated in the apparatus
according to any of the embodiments above, acting to supply
fluid to or receive fluid from any or all of the wells and
flow systems included in the apparatus. These reservoirs may

be located in the base component or the 1lid component, or a



base 150 is then renoved fromthe lid | eaving the
channel 15 204 open to allow access with a pipette

wao boosiogd124 he opening 206. The oocyte is then BEPGBai08d03886
fromthe inner region 208 of the channel 204 into the
pi pette. The enbodiment showpdn Figures 8 and 9 is
suitable for this further nethod of wunloadi ng, when
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previ ous enbodi nents. The invention Erovides in one
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| ength by the surface of one substrate neeting the

biderd The PhveERERbYE ptbUPHesIFan15hanaPRRF2RYPecPr may act

devi ces where channels are forned within ,
on the apparatus to produce fluid flow to or from reservolrs

on the apparatus, for example by applying gas pressure to a

15 liquid reservoir on the apparatus, or physical force to a

deformable portion of the apparatus to induce fluid flow
within it. The apparatus may comprise further components
such as electrically powered or controlled components, such

as pumps, valves, measuring instruments and temperature

20 controllers, and so may be provided with electrical

connections to make contact with corresponding connections
on the appliance. The apparatus might locate on or to the
appliance so as to bring fluidic ports into communication and

/ or electrical connections into contact when the apparatus

25 is so located. The apparatus may be provided with

electrical power sources that might store power to run such



either or both of two substrate, and are brought into

engagenent such that aligned ports, openings or wells
w@e@giozba24 a fl ui di c pathway, with sealing surfBCEEB2004/003886

bei ng provided to seal around the ports openings or

well's. In either case lid 20 substrate and base

substrate join to forma conp %etea fluidic pathway.
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v iees Beiiedh {hBSHFER SUFFARRL ARG fjid féfother, located

substrate and a major ~surface of said first
g af LT emether fhEFtsubstrate being 15 rel easably
secured to said first substrate, 4. Apparatus as

cl ai fedfyH-Remimeahed 2f| %n%ﬁ?%hn%tth%a@PcyBﬁefSPmsgpﬁ well
one or nore fluidic channel is/are faorned on the

fnj wre s atebithe [ tattéeadd s disy iy &y form of
maj or surface of said first substrate, the further
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substrate. 5. Apparatus as claimed in any precedlng
Q@amﬁyednb@ﬁw@ﬁn the well 152 and the channel 204 by flow

or, if the apparatus is inverted while still assembled, the
oocyte will sediment from the well into the channel. The
base 150 is then removed from the 1lid leaving the channel
15 204 open to allow access with a pipette through the opening
206. The oocyte is then aspirated from the inner region 208
of the channel 204 into the pipette. The embodiment shown in
Figures 8 and 9 1is suitable for this further method of
unloading, when adapted so that the channel 204 is in the
20 form of a well, having a larger diameter in its inner region
208 than the diameter of the inner region of the well 152.
This allows easier pipetting out of the channel 204 in the
lid than out of the well 152, whilst still giving an

enclosed environment in the inner region of well 152 for

25 control of exposure to media or precise location of the

oocyte for easy optical observation. In some embodiments the
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wo eooshzri2substrate, the channel s havi ng openi PCBEGBR08/003886
align with ports or wells 25 in the other substrate,
the substrates being provigeq8mLth seal i ng surfaces
bei ng adapted to provide a seal around the openings.
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eifRRaRs WiRhdhe vFeRR ngayai P f PardiReYhaARECEibeg, for the
Apparatus as clained in any preceding claimin which

10 wkel ksheb bpehbhgsn i RrenecssbsPPagénandst he ports or

15

wells in the other substrate are tapered to becone
smaller with distance fromthe najor surfaces, for _
avoi ditrg fheeehtipaperdvisfes in one aspect devices having

channels closed along their length by the surface of one
substrate meeting the other. The invention provides in
another aspect devices where channels are formed within
either or both of two substrate, and are brought into
engagement such that aligned ports, openings or wells provide
a fluidic pathway, with sealing surfaces being provided to

seal around the ports openings or wells. In either case 1lid

20 substrate and base substrate join to form a complete a

25

fluidic pathway.



bubbles in a fluidic nmediumwhen filling the fluidic
channels. 20 10. Apparatus as clained in any precedi ng
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provided with gas perneable regions to allow renoval

of gas pockets or bubbles frorB said fluidic channels

when being filled with a I|qlﬁd 11. Apparatus as

claimed in any preceding cl al m including 25 clanping

nmeans for holding the first CLAYS urt her substrate in

al i gnment and bringing theminto engagenent with one
another. 12. A systemfor handling cellular entities

incl udbpr-dhes epparaélisgas €iaspedubstasyephacedgngn array
claimand other 30 cellular entity handling neans.

of first wells open to a first major surface of the first
substrate, said first wells being adapted to hold a cellular
entity, the apparatus further comprising one or more fluidic
channel (s) open to the or each well.

2. Apparatus as claimed in claim 1 in which the wells are
tapered to locate the cellular entity at a given location in
each well.

3. Apparatus as claimed in claim 1 or 2 in which at least
one of said one or more fluidic channel(s) is/are formed
between the major surface of a further substrate and a major
surface of said first substrate, the further substrate being
releasably secured to said first substrate.

4. Apparatus as claimed in claim 1 or 2 in which at least
one of said one or more fluidic channel(s) is/are formed on
the major surface of a further substrate and said first
major surface of said first substrate, the further substrate
being releasably secured to said first substrate.

5. Apparatus as claimed in any preceding claim, in which
at least one of said one or more fluidic channels is/are
formed within the body of said first or further substrate,
the channels having openings which align with ports or wells
in the other substrate, the substrates being provided with
sealing surfaces being adapted to provide a seal around the
openings.

6. Dpparatus as claimed in any preceding claim in which

said one or more fluidic channel(s) is/are also open to one

or more second wells in said first major surface of said
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first substrate.

7. Apparatus as claimed in claim 1 or 2 in which the wells
extend through the substrate to a further major surface
thereof, the one or more fluidic channel(s) being formed on
the major surface of a further substrate adapted and arranged
to face said further major surface of said first substrate,
the further substrate being releasably secured to said first
substrate

8. Apparatus as claimed in any preceding claim in which
the fluidic channels are displaced transversely from said
first wells, such that the cellular entity may be viewed
through said first or further substrate substantially normal
to said major surfaces without viewing said fluidic channels.
9. Apparatus as claimed in any preceding claim in which
the openings in one substrate and the ports or wells in the
other substrate are tapered to become smaller with distance
from the major surfaces, for avoiding the entrapment of
pubbles in a fluidic medium when f£filling the fluidic
channels.

10. Apparatus as claimed in any preceding claim in which
one or more fluidic channels are provided with gas permeable
regions to allow removal of gas pockets or bubbles from said
fluidic channels when being filled with a liquid.

11. Apparatus as claimed in any preceding claim including
clamping means for holding the first and further substrate
in alignment and bringing them into engagement with one
another.

12. A system for handling cellular entities including the
apparatus as claimed in any preceding claim and other

cellular entity handling means.



