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preparing such devices, methods for studying modifications of cell division, and methods for screening com-pounds of interest
which enhance or inhibit cell division.
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Devices and methods for observing the cell division.

FIELD OF THE INVENTION

The present invention relates to methods and devices for observing the cell
division, 1n particular the cytokinetic ring, methods for preparing such devices, methods
for studying modifications of cell division, and methods for screening compounds of
interest which enhance or inhibit cell division. It relates to the field of biology,

pharmacology and diagnosis.

BACKGROUND OF THE INVENTION

The cytokinetic ring 1s a fundamental structure which causes the separation of
cells at the end of mitosis. Cytokinetic ring dysfunction 1s a typical target for antitumor
agents.,

Conserved 1n prokaryotic and cukaryotic cells, rings are a plane structure of
about 200 nm thickness. They are generally observed by fluorescence microscopy, in a
plane perpendicular to their closure (Straight et al., 2003; Sun and Margolin, 1998; Wu
et al., 2003). This leads to poor spatial and temporal resolutions.

Figure 1 illustrates the limitations in the approaches used so far. In a single
image, the cytokinetic ring appears as two points, because the image results from the
intersection between the focal plane and the actual ring. As a result, broken parts of the
ring arc not visible, and this can lead to mismterpretation 1in the ettect of drugs. One
could argue that the entire ring can still be obtained by scanning the ring along the z
direction with n 1mages every 400nm (deconvolution or confocal microscopy).
However, this way of acquiring 1s not efficient: 1/ photobleaching due to overexposure
of the ring damages the signal and the cell viability; 11/ with this method, the acquisition
of a single ring requires n times longer than a single plane acquisition, thus reducing the
time resolution.

Accordingly, duc to the interest of cytokinetic ring, there 1s a strong need to
provide devices and methods allowing to overcome these drawbacks.

Arrays of microwells suitable for cell culture of individual cells have already

been disclosed. However, none of them 18 appropriate to overcome the above-detailed
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drawbacks for the observation of the cytokinetic ring. As a non-exhaustive illustration,
the following articles can be cited.

Ostuni ¢t al (2001, Langmuir, 17, 2828-2834) discloses arrays of microwells,
cach well being suitable for attaching one cell. The wells have a diameter of less than
100 um (e.g., 50 and 25 um) and a depth of less than 50 um (e.g., 1.3, 5 or 50 um). The
surface within the wells 1s coated by fibronectin.

Yamamura ¢t al (2005, Analytical Chemistry, 77, 8050-8056) discloses a single-
cell microarray and its use for screening. The microchambers are a cylinder having 10-
um width, 12-um depth and 30-pum pitch.

Ochsner et al (2007, Lab on a Chip, 7, 1074-1077) discloses a device for 3D
shape control of single cells. The microwells are coated with fibronectin. The wells’
depth 1s 10 um and the lateral dimensions were from 81 um? to 900 um*. The 3D shape
1s controlled by the form of the wells (square, circle, triangles, rectangles, spindles).

M1 et al (2006, Polymer, 47, 5124-5130) discloses a new method of
microfabrication of microwells. The microwells can be adapted to contain a single cell.

However, the devices disclosed in these articles imply optical resolution which
could be significantly improved, allowing thereby optimal observation quality of key
cellular organelles. In addition, none of these documents comprises any teaching about

the cytokinetic ring, in particular the orientation of the closure plane thereof.

SUMMARY OF THE INVENTION

For thc first timc, thc mmventors provide devices and mcthods allowing the
observation of the whole cytokinetic ring 1 the unique plane of closure. Until now,
nobody had thc 1dca to placc cclls in conditions such that they all present a cytokinctic
ring 1n the same orientation, more particularly in an orientation allowing the observation
of a high number of cells promptly with accuracy.

Accordingly, the present invention concerns a device for observing the
cytokinetic ring of cells, wherein the device comprises a support and a microfabricated
substrate bearing a plurality of wells, cach one containing a unique cell, and,
characterized 1n that the wells have a structure suitable for orienting the closure plane of

the cytokinetic ring parallel of said cells to the observation plane.



10

CA 2751467 2017-04-04

2a

The present invention also concerns a method for observing a respective
cytokinetic ring of cells, the method comprising (a) providing a device, wherein the device
comprises a support and a microfabricated substrate bearing a plurality of wells suitable
for respectively containing a unique cell, the wells having a respective width and depth,
wherein the width of wells 1s smaller than the depth of wells and the width of wells 1s
about the diameter of round cells or the width of the well 1s about the diameter of the short
axis of the cell for cells which have oval or rod form for orienting the closure plane of the
cytokinetic ring of said cells parallel to the support, said device bearing the cells; and (b)

observing the cytokinetic ring with the closure plane of the cytokinetic ring parallel to the

support.
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Preferably, the width of wells 1s about the diameter for round cells or about the
short axis of the cell for cells which have oval or rod form. Preferably, the width of
wells 1s smaller than or equal to the depth of wells.

Preferably, the support 1s a plate of glass, preferably a silanised glass, more
preferably a silanised glass coverslip. However, a quartz coverslip 1s also considered
because it allows a high resolution. Preferably, the microfabricated substrate 1s made of
poly(dimethylsiloxane) (PDMS). In a preferred embodiment, the thickness of the
support and the microfabricated substrate 1s less than 200 um, preferably less than 150
um, more preferably between 100 and 150 um. Optionally, the device further comprises
physical barriers separating several groups of wells from each other on the device. In
addition, such a device can further comprise microfluidic system in order to address
different samples or media to the groups of wells on the device.

In a first embodiment, the cells have a cell wall and the depth of wells 1s at least
or about 1/2 of the cell diameter or long axis.

In a particular embodiment, the cells are yeast, the well width 1s between 1 to 6
um, preferably between 3 to 5 um, and the well depth 1s between 4 to 10 um, preferably
between 6 to 8 um. In another particular embodiment, the cells are bacteria and the well
width can be comprised between 500 nm and 3 um.

In a second embodiment, the cells are devoid of cell wall and the device further
comprises a top covering the wells, the wells depth being such that the cells are entirely
contained 1nto them (i.e., about a cell length for the depth), and the bottom of the wells
and the top bemg coated by molecules that promote cell adhesion. Preferably, the
molecules that promote cell adhesion are fibronectin. In a preferred embodiment, the
wells depth and width are about 10-50 um, preferably about 12-20 um.

The present invention concerns a method for observing the cytokinetic ring of
cells comprising a) providing a device according to the present invention bearing the
cells; and b) observing the cytokinetic ring with the closure plane of the cytokinetic ring
parallcl to thc obscrvation planc. It also concerns the usc of a device according to the
prcsent invention for obscrving the cytokinctic ring of cclls with the closurc planc of the
cytokinetic ring parallel to the observation plane.

The present invention further concerns the use of a device according to the

present mvention for screening or i1dentifying test molecules able to modulate the cell
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division. In particular, the present mvention concerns a method for screening or
1dentifying test molecules able to modulate the cell division comprising:

- providing a device according to the present invention bearing cells which
have been contacted with a test molecule;

- assessing the closure of the cytokinetic ring of the cells;

- comparing the closure of the cytokinetic ring of the cells in presence and in
absence of the test molecule; and,

- selecting the test molecule for which the closure 1s significantly different in
presence and in absence of the test molecule, thereby identifying a test
molecule able to modulate the cell division.

Finally, the present invention concerns the use of a filter having a suitable pore
diameter and thickness for preparing a device according to the present invention. In
particular, the present invention concerns a method for preparing a device according to
the present invention comprising;:

- providing a filter having a suitable pore diameter and thickness;

- putting the filter on a first support such as the bottom side of the pores is
closed;

- pouring a liquid polymer that might be hardened and after hardening;

- peeling oftf the obtained replica from the filter, thereby providing a template;

- optionally, carrymg out an anti-adhesive treatment on the template to facilitate
the demolding;

- spreading another liquid polymer that might be hardened onto a second
support;

- gently pressing or placing the template against the second support coated with
the polymer and, after polymer hardening;

- removing the template from the obtained microfabricated substrate, thereby
obtaming the device.

In anothcr cmbodiment and 1 the context of cells with a ccll wall and having an
oval or rod shapc, thc devices according to the mnvention arc also uscful to obscrve any
plane perpendicular to the long axis of the cells. Therefore, the present invention also
concerns a method for observing a plane perpendicular to a long axis of cells with cell
wall and having an oval or rod shape, comprising a) providing a device according to the

present invention bearing the cells; and b) observing the plane parallel to the
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observation plane. The present invention further concerns the use of a device according
to the present invention for observing a plane perpendicular to a long axis of cells with
cell wall and having an oval or rod shape with a parallel arrangement to the observation
plane. In a preferred embodiment, the observed perpendicular plane 1s the tip of the
cells. In addition, the present invention concerns the use of a device according to the
present mnvention for screening or identifying a test molecule able to modulate the tip
growth of cells with cell wall and having an oval or rod shape. More specifically, it
concerns a method for screening or 1identifymg a test molecule able to modulate the tip
growth of cells with cell wall and having an oval or rod shape comprising:
- providing a device according to the present invention bearing cells which
have been contacted with a test molecule;
- observing the tip growth of the cells;
- comparing the tip growth of the cells in presence and 1n absence of the test
molecule; and,
- selecting the test molecule for which the tip growth 1s significantly different
in presence and in absence of the test molecule, thereby identifying a test

molecule able to modulate the tip growth.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 : The common set-up for observing the cytokinetic ring. Fig. 1A/
The ring 18 perpendicular to the plane of observation; as a result, only two points of the
structurc arc visualiscd 1n the focal (or obscrvation) planc; Fig. 1B/ The corrcsponding
image of the cytokinetic ring 1n fission yeast.

Figure 2 : The experimental set-up. Fig. 2A/ Thc ccll 1s inscrted into wells; as
a result, the cytokinetic ring 1s parallel to the observation plane. Cells are grown 1n these
wells that can be prepared either with a filter (Fig. 2B) or with a microfabricated silicon
wafer (Fig. 2C); black arrows show the sister cells after ~10 hours growth and division.
Fig. 2D/ The experimental chamber used for the experiments exhibit: up to 10° wells
available for observation.

Figure 3 : Method for preparing the egg cup surface using the filter. Fig.
3A/ Liquid PDMS 1s poured on a filter glued on a flat surface; Fig. 3B/ after curing, the

clastomeric stamp 1s peeled off the substrate ; after silanization, 1t 1s applied on a thin
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layer of liquid PDMS spread on a coverslip (Fig. 3C); after reticulation, the final egg
cup surface 1s achieved after removal of the stamp (Fig. 3D).

Figure 4 : Cytokinetic ring closure in a unique plane. Fig. 4A/ Statics :
multiple rings are visualised on the same frame. Fig. 4B/ Dynamics : successive frames
of a single closing ring (T=27°C);

Figure § : Specific drugs stop the closure. (Fig. 5SA) The energy source
depletor sodium azide stop the ring closure; note the parallel lines in the presence of the
drugs 1n contrast to the control (T=27°C). (Fig. 5B) The actin polymerisation mhibitor
latrunculin A disrupts the ring.

Figure 6 : The closure velocity is constant and depends on the temperature.
After 1mage treatment, the diameter 1s plotted as a function of time. As shown, the
decrease m diameter 1s linear with time within our resolution, yielding a closing
velocity of 95nm/min at 27°C. This velocity imcreases with the temperature from
15nm/min at 18°C up to 130nm/min at 36°C. These values are consistent with the
expected temperature dependence for the ring dynamics. (Pelham and Chang, 2002 ;
Wu et al., 2003)

Figure 7 : Illustrative embodiment of the devices. (1) refers to the
microfabricated substrate, preferably made of PDMS or gel; (2) refers to a glass
coverslip; (3) refers to a dialysis membrane or a microfabricated substrate with holes
allowing permeability to medium; (4) refers to a spacer. By “objective” 1s 1ntended
microscope objective. In Fig 7A, the device comprises a support consisting 1n a glass
coverslip as thin as possible and a microfabricated substrate placed on the support. The
medium can be added under the microfabricated substrate. Thereby, the nutrients are
accessible from the upper side of the wells. In Fig 7B, the device comprises a support
consisting m a glass coverslip as thin as possible, a microtabricated substrate placed on
the support and 1n addition an upper surface made of a material permeable to medium
such as a dialysis membrane or a microfabricated substrate with holes. The nutrients
cnter from the top through the dialysis membranc or microfabricated substratce. In Fig
7C, thc device compriscs a microfabricatcd substratc with wells going through thc
microfabricated substrate. This microfabricated substrate with wells 1s sandwiched
between two dialysis membranes or microfabricated substrates with holes allowing
permeability to medium. Then, the whole lies on a glass coverslip with medium

between the coverslip and the bottom dialysis membrane or microfabricated substrate
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with holes. The nutrients provided by medium enter from both sides (top and bottom).
In this embodiment, the objective 18 placed at the upper side to benefit to the shortest
working distance. In case the microfabricated substrate 18 made of gel, the nutrient can

also enter through the sides all around the wells.

DESCRIPTION OF THE INVENTION

In the present invention, the inventors provide devices and methods allowing the
observation of the whole ring 1n the unique plane of closure. In particular, the devices of
the invention allow an orientation of the closure plane of the cytokinetic ring parallel to
the observation plane due to the appropriate form and coating of wells and a good
optical resolution (1.e., objective with high numerical aperture, larger than 1.3) due to a
thickness of the device of less than 200 um. Accordingly, a high number of cells can be
observed rapidly and easily with accuracy. The approach 1s also cheap and allows an
automated observation. For instance, more than 1,000 rings can be observed in about
on¢ hour.

The 1nventors 1llustrate this new method by observing the closure of the
cytokinetic ring with the fission yeast Schizosaccharomyces pombe (S. pombe, see
Figure 1 and Figure 2). At this stage, their approach allows the observation of up to 10°
cells 1n one hour 1n an automated manner. The same method can be extended to any cell
type - prokaryotic and cukaryotic - by adjusting the shape and the coating of the
microfabricated substrates (Weibel et al., 2007) and paves the way towards large
throughput scrcenings for antibacterial/anticancer drugs (Jackson ct al., 2007; Lang ct
al., 2006) and cancer diagnosis (Mathon and Lloyd, 2001).

Accordingly, the present invention concerns a device comprising a support and a
microfabricated substrate bearing a plurality of wells suitable for containing a unique
cell and for orienting the closure plane of the ring parallel to the observation plane.

Preferably, the microfabricated substrate comprises a high number of wells, ¢.g.,
at least or about 10, 20, 50, 100, 150, 200, 300, 400, 500, 1,000, 5,000, 10,000, 50,000,
100,000, 500,000, or 1,000,000 wells. For mstance, the support comprises between 100
and 4,000,000 wells per cm?* of substrate, preferably between 500,000 and 4,000,000
wells by cm? of substrate, more preferably between 1,000,000 and 4,000,000 wells by

cm? of substrate. The wells are sufficiently separated to be discriminated during
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microscopy observation. In a particular embodiment, the wells are spaced of at least 200
nm, preferably by about 200 nm, 500 nm, 1 um, 5 um, or 10 um. The space between the
wells can optionally be treated with a cytophobic material (1.¢., preventing cell
adhesion), for instance polyecthyleneglycol (PEG). The wells of the microfabricated
substrate can have a bottom made of the microfabricated substrate (see for example,
Figure 3) or can go through the microfabricated substrate (1.¢., the bottom of the well 18
the support, for example see Fig 7C).

By "microfabricated substrate” 1s intended a microfabricated solid surface
including, e.g., silicon, functionalized glass, germanium, ceramic, a semiconductor
material, PTFE, carbon, polycarbonate, mica, mylar, plastic, quartz, polystyrene,
gallium arsenide, gold, silver, metal, metal alloy, fabric, and combinations thereof. In
particular, the microfabricated substrate 1s made of a solid material preferably
biocompatible or with a surface treatment that makes it biocompatible. The following
materials can be used for microfabrication: a polymer that can be crosslinked (PDMS,
agar, polyacrylamide (PAA)...), a glassy material (polycarbonate (PC), polystyrene
(PS)...), a metal or a semiconductor material.

By “for containing a unique cell” 1s intended that the well 1s suitable for
containing one and only one cell.

By “for orienting the closure plane of the ring parallel to the observation plane”
1s intended that the structure of the well 1s adapted to obtain the suitable orientation of
the cytokinetic ring. In a first aspect of the well structure, the width and the depth of the
wells are adapted to obtain the suitable orientation of the cytokinetic ring. In a second
aspect of the well structure, the cell attachment points are adapted to obtain the suitable
orientation of the cytokinetic ring. By “‘the closure plane of the ring parallel to the
observation plane” 1s intended that the closure plane of the cytokinetic ring 1s parallel to
the support. The observation or focal plane 1s defined herein, where the structure of
interest, 1.€. the ring, appears entirely on the 1image (see Figure 1 and Figure 2). The
dircction along the wells/cgg cups depth 1s perpendicular to this planc.

By the term “about” 1s intecnded to mcan the valuc morc or Icss 5 % thercof.
When the term ““about” 1s used for defining the width of the well for cells with a cell

wall, then 1t means the value with optionally 5 % more.
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For cells rather round, one can define a mean diameter which 1s the diameter of
cells before adhesion to the surfaces. For cells which have oval or rod shape, one can
define a short axis and a long axis.

For cells having a cell wall, generally having oval or rod shape, the cytokinetic
ring 1S always perpendicular to the long axis. Accordingly, the orientation of the
cytokinetic ring can casily be controlled through the appropriate orientation of cells in
the device. Hence, cells have to be placed so that the long axis 1s perpendicular to the
support. The same set-up will work also for spherical cells with walls such as .
cerevisiae, since they elongate during growth. There 1s no need of cell attachment
molecules 1n the wells.

For cells devoid of cell wall, the orientation of the cytokinetic ring can be
controlled through the cell attachment points. Indeed, 1n case of two opposite points of
attachment, the cytokinetic ring 1s perpendicular to the axis joining the two opposite
attachment points. Accordingly, to be perpendicular to the support, the two opposite
attachment points have to be at the bottom and the upper surfaces of the wells.
Obviously, the wells do not include any other substantial attachment points. Therefore,
the device turther comprises 1n this case a top covering the wells. Accordingly, in a
particular embodiment dedicated for cells devoid of cell wall, the device comprises a
support and a microfabricated substrate bearing a plurality of wells suitable for
containing a unique cell, characterized in that the bottom of the wells 1s coated with cell
adhesive materials and the lateral sides thercot are non-adhesive and 1n that the device
further comprise an upper surface under the wells coated with cell adhesive materials.
The one skilled 1n the art knows how to adapt the device and the method for preparing it
in the appropriate way. For instance, in order to prepare the corresponding substrates,
standard microfabrication methods could be used. For example, a dialysis membrane
could be coated with fibronectin; the filter could be glued onto this substrate, thus
forming the expected egg-cups; an upper membrane coated with fibronectin would be
prcsscd on top of them after deposition of cells.

In gencral, the width or diamcter of cach well for round cclls 1s at Icast the mcan
diameter of cells but far less than two mean diameters; and the width of each well for
cells which have oval or rod form 1s at least the short axis of the cell but far less than the
long axis. The width of cach well 1s as precisely as possible the mean diameter or the

short axis of the cell. Preferably, the width of each well 1s the diameter or the short axis
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of the cell more or less 1, 2, 5, 10, 20 or 30 % of the diameter or the short axis. Indeed,
if clastic materials are used for the microfabricated substrate, an 1sotropic deformation
or strain would be applied on the substrate to enlarge the well diameter, while the cells
would be placed into wells ; the deformation or strain would be then released; as a
result, cells would be strongly held in place, like in a vice.

The depth of cach well 1s such that 1t prevents the cell to move away when
subjected to an external flow, and it orients the closure plane parallel to the observation
plane. In a preferred embodiment, the depth of cach well is preferably at least or about
1/3 of the cell diameter or long axis, preferably at least or about 1/2. By “at least or
about™ 1s intended at least 1/3 or 1/2 of the cell diameter or long axis or 1/3 or 1/2 of the
cell diameter or long axis more or less 5 % thereof. For nstance, 1t can be comprised
between 1/2 of the cell diameter or long axis and the full cell diameter or long axis. The
depth of each well can also be almost or about the cell diameter or long axis, thereby the
whole cell 1s contained into the well. This latter case 1s particularly preferred for cells
devoid of cell wall, like mammalian cells. However, for cells with cell wall such as
bacteria or fungi (e.g., yeast), a well depth between 1/2 and 3/4 of the cell diameter or
long axis 1s preferred.

The cell suitable for being used with the device of the present invention can be
any eukaryotic or prokaryotic cell. In particular, prokaryotic cells can be bacteria and
cukaryotic cells can be a fungal cell such as yeast, animal, mammalian, human, or plant
cells. Cell can be for example fibroblast, hematopoietic, endothehial and epithelial cell.
Cell can be derived from a healthy or pathologic tissue or organism. The cell can be
wild type or modified/recombinant cells. In a particular embodiment, the mammalian
cell can be a tumor cell.

In the case of cells devoid of cell wall such as mammalian cells, the width of the
well can be for instance about 10-50 um, preferably about 12-20 um. In addition, the
bottom of the well 1s coated by molecules that promote cell attachment. These
molcculces arc well known to thosc of ordinary skilled 1in the art and comprisc antigens,
antibodics, ccll adhcsion molccules (like cadherms for cxamplc), cxtraccllular matrix
molecules such as laminin, fibronectin, synthetic peptides, carbohydrates and the like,
more preferably fibronectin. In addition, the wells depth 1s such that the cells are
entirely contained into them (1.¢., about a cell diameter for the depth) and the wells are

covered by a top coated by molecules that promote cell attachment. For instance, the
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wells depth can be about 10-50 um, preferably about 12-20 um. The two cell
attachment sites at the bottom and the upper surtaces of the wells allow the appropriate
orientation of the closure plane of the ring. In this case, the device of the invention
comprises a support bearing at least two wells suitable for containing a unique cell and a
top covering at least two wells, the bottom of the wells and the top being coated by
molecules that promote cell attachment and the sides are preferably treated with a
cytophobic (or cell anti adhesive) material.

In the case of bacteria or yeast, in a preferred embodiment, the wells width 1s the
cell diameter or the short axis more or less 1, 2, 5, 10, 20 or 30 % of the diameter or the
short axis, and the depth 1s preferably one third to one of the long axis, more preferably
one third to one half.In case of bacteria having generally a short axis comprised between
0.5 and 3 um, the well width can be comprised between 500 nm and 3 um. The long
axis of bacteria 1s highly variable among bacteria. However, for instance, a depth of 1,
2,3,5,7 or 10 um can be appropriate. In particular for E. coli, the well width can be
800 nm and the depth can be 2 um. In case of yeast, the well width 1s between 1 to 6
um, preferably between 3 to 5 um, and the well depth 1s between 4 to 10 um, preferably
between 6 to 8 um. Wells with those features are adapted for most of the yeast.
Preferably, the well width 1s smaller than or equal to the well depth. In case of fission
yeast, the well width can be 5 um and the depth can be 8 um. For bacteria and fungal
cells, more generally for cells having a cell wall, the top 1s not necessary, even more
rather undesirable. Indeed, the closure plane of the ring 1s always perpendicular to the
long axis of the cells. Accordingly, an appropriate placement of the cells 1s sufficient to
obtain the desired orientation of the closure plane of the ring.

The well size (1.e., width and depth) can be adapted casily by the man skilled 1n
the art for each specific cell to study.

The support has to be convenient for confocal, optical and/or fluorescence
microscopics. An appropriate support can be any flat substrate promoting a good
adhcsion with the polymer uscd for the microstructurc. In a morc preferred
cmbodiment, the support compriscs or 1s a platc of glass. For cxamplc, a convenient
plate according to the present invention 1s a coverslip or a shide. In a preferred
ecmbodiment, the coverslip 1s as thin as possible. For instance, the thickness of 0.085 to
0.13 mm 1s convenient. In an alternative preferred embodiment, the support comprises

or 1s a dialysis sheet, such as a cellulose membrane (Sigma, MWCO 12-14,000), or any
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membrane allowing medium exchange between compartments. In another alternative
preferred embodiment, the support comprises or 1S a microfabricated substance,
optionally with holes with a diameter far less than the well width (e.g., less than 10, 20,
30, 40 or 50 % of well width). The size of the holes 1s enough to allow the permeability
to the medium (by medium 1s intended a medium appropriate for cell culture).

In addition, when a top 18 necessary, a convenient top can be for instance a
dialysis sheet, such as a cellulose membrane (Sigma, MWCO 12-14,000), or any
membrane allowing medium exchange between compartments. Alternatively, the top
can also be microfabricated, optionally with holes as defined above.

Microfabrication techniques for preparing microfabricated substrates are well-
known by the man skilled in the art.

For 1mstance, microfabrication techniques for preparing the stamp used to
produce the microfabricated substrate of the device can be for instance
photolithography, thin-film deposition, wet chemical etching, reactive 1on etching,
inductively coupled plasma deep silicon etching, laser ablation, air abrasion techniques,
and other techniques. Polymeric substrate materials are preferred for their ease of
manufacture, low cost and disposability, as well as their general inertness. The
polymeric substrate materials are preferably cross-linkable. They can be biocompatible
and have a weak adhesion for cells. In a preferred embodiment, the substrate material 1s
made of PDMS. Technmques are disclosed for mstance 1 the following patents US
6,753,131; US 6,516,168 and US 6,143,412

The substrate materials for the stamp can comprise the following polymeric
materials without to be limited thereto:

- glassy polymers, such as polystyrene, polymethylmethacrylate (PMMA),
polycarbonate, polytetratfluorocthylene (TEFLON®), polyvinylchloride (PVC);

- clastomeric materials polydimethylsiloxane (PDMS), polybutadiene,
polyurcthane, and the like;

-, gcls (agar, PAA. ..) and thc like.

The microfabricated substrates of the dceviee arc rcadily manufacturcd from
masters, using well-known molding techniques, such as 1njection molding, hot
embossing or by molding a polymer that might be crosslinked (soft lithography). The

substrate materials for the microtabricated substrates of the device can be the same than
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stamps and can comprise the following polymeric materials without to be limited
thereto:

- glassy polymers, such as polystyrene, polymethylmethacrylate (PMMA),
polycarbonate, polytetrafluoroethylene (TEFLON®), polyvinylchloride (PVC);

- clastomeric materials  polydimethylsiloxane (PDMS), polybutadiene,
polyurethane, and the like;

-, gels (agar, PAA...) and the like, with the advantage of allowing the diffusion
of nutrients within the microfabricated structure and therefore the nutrients can diffuse
through the side all around the wells.

In a preferred embodiment, the microfabricated substrate 1s made of
biocompatible materials and has a weak adherence for cells. In a most preferred
embodiment, the microfabricated substrate 1s made of PDMS. In a second preferred
embodiment, the microfabricated substrate 1s made of gel mncluding agar, PAA (poly
acrylamide) and the like.

In the present invention, the inventors provide an original and real cheap method
for preparing the microfabricated substrates. Indeed, they use filters to prepare a stamp
for preparing suitable wells. In particular, filters are chosen so as to present pore
diameter corresponding to the wells width. In addition, filters are also chosen so as to
present a thickness corresponding to the wells depth. For mstance, the filters can be
those commercialized by Millipore (Isopore) in polycarbonate or by GE Osmonics
Labstore Poretics 1n polycarbonate or polyester. In those products, the maruiacturng
process of the membrane ensures a precise pore diameter and a consistent pore size. For
instance, filters commercialized by Millipore (Isopore) or by GE Osmonics Labstore
Poretics are available with the following pore size : 0.08, 0.1, 0.2,04,0.6,0.8, 1, 1.2, 2,
3,5,8, 10, 12 and 14 um. Preferably, the filters thickness 1s comprised between 5 and
25 um. If larger pore diameter 1s necessary, other commercially available filters with
larger pore diameter can be used.

In a particular cmbodiment, the present invention concerns a mcthod for
prcparing a device according to the present invention comprising:

- providing a filter having a suitable pore diameter and thickness;

- putting the filter on a first support such as the bottom side of the pores 1s
closed;

- pouring a liquid polymer that might be hardened and after hardening;
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- peeling off the obtained replica from the filter, thereby providing a template;

- optionally, carrying out an anti-adhesive treatment on the template to facilitate
the demolding;

- spreading another liquid polymer that might be hardened onto a second
suppotrt;

- gently pressing or placing the template against the second support coated with
the polymer and, after polymer hardening;

- removing the template from the obtained microfabricated substrate, thereby
obtaining the device.

In a particular embodiment, the filter having a suitable pore diameter and
thickness 1s a filter with a pore size comprised between 0.08 and 50 um, preferably
between 0.08 and 20 um, still more preferably between 0.08 and 15 um, and a thickness
comprised between 5 and 25 um. The filter 1s generally a polycarbonate or polyester
filter. In an embodiment, 1f necessary, the method further comprises a step of coating
the device with a thin layer that makes it biocompatible.

Pretferably, the liquid polymer can be hardened after crosslinking or cooling
below the glassy transition. Preferably, it the materials for the stamp and the
microfabricated substrate are the same, the method further comprises a step of
silanization after detaching the obtained stamp from the filter and before spreading a
biocompatible polymer with a weak cell-adhesion onto a second support. Preferably, the
biocompatible polymer with a weak cell-adhesion 1s a siloxane-based polymer. In a
most preferred embodiment, the microfabricated substrate 1s PDMS. In a particular
embodiment, the cross-linkable polymer and the biocompatible polymer are both a
siloxane-based polymer, more preferably PDMS.

For instance, a method 1s described 1n detail in the example section. However,
the devices of the invention are not limited to those obtained by this method. The man
skilled 1n the art can adapt several methods to prepare such devices.

Prcicrably, the resulting microfabricated substrate has for instance a thickncss of
about 20-100 um, prcfcrably about 30-50 um. Prcfcrably, the siloxanc-bascd polymer 1s
PDMS. Preferably, the support 18 a glass coverslip, more preferably as thin as possible.

Due to the working distance and the resolution needed to observe the cytokinetic
ring, the thickness of the support and the microfabricated substrate need to be as thin as

possible. Indeed, objective with high numerical aperture 1.3-1.65 are required, and
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therefore they have to close to the object of observation. Accordingly, the thickness 18
preferably less than 200 um, more preferably less than 150 um, still more preferably
between 100 and 150 um.

Accordingly, in a first particular preferred embodiment, the device comprises a
support and a microfabricated substrate bearing a plurality of wells suitable for
containing a unique cell as defined above. The support 1s preferably a glass coverslip.
The microfabricated substrate 18 supported by the coverslip. The microfabricated
substrate 18 for instance PDMS substrate or gel. The nutrients can be added by the upper
side of the wells. The objective 18 placed close to the glass coverslip. An 1llustrating
scheme 18 provided in Fig 7A.

In a second particular preferred embodiment, the device comprises a support, a
microfabricated substrate bearing a plurality of wells suitable for containing a unique
cell as defined above, and a top. The support 1s preferably a glass coverslip. The
microfabricated substrate 1s supported by the coverslip. The microfabricated substrate 1s
for instance PDMS substrate or gel. The top can be a dialysis membrane or a
microfabricated substrate, optionally having little holes allowing 1t to be permeable to
medium. For instance, the holes have a diameter of less than 0.05 or 1 um. The nutrients
can be added by the upper side of the wells. The objective is placed close to the glass
coverslip. An 1llustrating scheme 1s provided 1in Fig 7B.

In a third particular preferred embodiment, the device comprises a
microfabricated substrate with wells going through the microfabricated substrate. This
microfabricated substrate with wells 1s sandwiched between two dialysis membranes or
microfabricated substrates with holes allowing permeability to medium, and then 1s
supported by a glass coverslip with medium between the coverslip and the bottom
dialysis membrane or microfabricated substrate. The nutrients provided by medium
enter from both sides (top and bottom). In this embodiment, the objective 1s placed at
the upper side to benefit to the shortest working distance. An illustrating scheme 1s

provided 1n Fig 7C.

The device of the present invention 1s useful for studying the cytokinetic ring.
The cytokinetic ring can be observed by microscopy, i particular fluorescence

microscopy. Generally, the cytokinetic ring 1s observed through fluorescent proteins

(Glotzer M, Science. 2005 Mar 18;307(5716):1735-9).
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The fluorescent proteins can be any protein of the cytokinetic ring. For instance
for fission yeast, the fluorescently labelled protein (e.g., by YFP, GFP, EGFP, mCherry
and the like) can be myosin (¢.g., myosin II regulatory light chain such as RLCI-
mCherry, or myosin II heavy chain such as myo2-YFP), paxillin-like protein Px11 (such
as pxl1-GFP), membrane-cytoskeletal interactions (¢.g., F-BAR domains such as c¢dc15-
YFP), 1,3-beta-glucan synthase (¢.g., catalytic subunit Bgsl such as bgs1-GFP) and the
like. Other proteins suitable are disclosed in the articles of Wu and Pollard (Wu et al,
Methods Cell Biol. 2008;89:253-73; Vavylonis ¢t al, Science. 2008 Jan 4;319(5859):97-
100 ; Wu et al, J Cell Biol. 2006 Jul 31;174(3):391-402; Wu and Pollard, Science. 2005
Oct 14;310(5746):310-4.; Kovar et al, Mol Biol Cell. 2005 May;16(5):2313-24 ; Wu et
al, Dev Cell. 2003 Nov;5(5):723-34), and their homologs in other cells will be
appropriate. In case of fluorescently labelled protems, the cells are genetically
engineered 1 order to express such fluorescently labelled protemns. Alternatively, the
ring can be observed by using fluorescently labelled ring marker or antibody directed
against any protein of the ring. For instance, rhodamine or Alexa- phalloidine 1s suitable
for this use, as well as immunofluorescence staining with anti-myosin antibodies

(Glotzer M, Science. 2005 Mar 18;307(5716):1735-9).

In addition to basic research, two other types of application can be envisioned
for the devices of the invention. The first use 1s the screening of molecules of mterest.
Therefore, the present invention concerns the use of the device of the present invention
for molecules screening. The second use 1s the diagnosis. Therefore, the present
invention concerns the use of the device of the present invention for proliferative
disease diagnosis, 1n particular tumor or cancer diagnosis.

The present invention concerns a method for observing the cytokinetic ring of
cells comprising a) providing a device according to the present invention bearing the
cells; and b) observing the cytokinetic ring with the closure plane of the cytokinetic ring
parallel to the observation plane. In particular, the step a) comprises providing the cells
for which thc cytokinctic ring has to be obscrved; sclecting a deviee according to the
present invention adapted for the provided ccells and placing the cclls on the deviee. It
also concerns the use of a device according to the mvention for observing the
cytokinetic ring of cells with the closure plane of the cytokinetic ring parallel to the

observation plane.
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In the first use, the device of the present mnvention 1S used to assay or test the
ability of a test molecule to modulate the cell division, 1n particular to assay or test the
ability of a test molecule to modulate the closure of the ring. In particular, a molecule of
interest 1S a molecule able to block or inhibit the cell division, in particular through the
blockage or inhibition of the closure of the cytokinetic ring. Accordingly, the present
invention concerns a method for screening or identifying a test molecule able to
modulate the cell division comprising:

- providing a device according to the present invention bearing cells which

have been contacted with a test molecule;

- assessing the closure of the ring of the cells;

- comparing the closure of the ring of the cells in presence and 1n absence of
the test molecule; and,

- selecting the test molecule for which the closure 1s significantly different in
presence and 1n absence of the test molecule, thereby identifying a test
molecule able to modulate the cell division.

In particular, the step a) comprises providing cells on which the test molecule
has to be tested; selecting a device according to the present invention adapted for the
provided cells and placing the cells on the device.

In a first embodiment, the cells are contacting with the test molecule before
being placed on the devices of the invention. Accordingly, the method can comprise
previous steps of contacting cells with the test molecule and loading the contacted cells
on the device. In an alternative embodiment, the cells are contacting with the test
molecule when they are already placed on the devices of the invention. According, the
method can comprise previous steps of loading the cells on the device of the present
invention and contacting cells with the test molecule.

The cells can be placed into the wells of the device by any means known 1n the
art. For mstance, the cells can be introduced 1n 1t by centrifugation, preferably followed
by washing stcps. Alternatively, cclls could be loaded by filtering the cclls samplc
through thc mcembranc, prior its attachment to a glass substratc; this proccdurc would be
followed by washing steps.

In a first embodiment, the step of assessing the closure of the ring comprises the
measure of the number of cells having an open ring and of the cells having a closed

ring. In this embodiment, the closure 1s significantly different in presence and in
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absence of the test molecule when the number of open and closed ring 1s significantly
different 1n presence and in absence of the test molecule. In a second embodiment, the
step of assessing the closure of the ring comprises the measure of the velocity of the
ring closure. In this embodiment, the closure 1s significantly different in presence and in
absence of the test molecule when the velocity 1s significantly different in presence and
in absence of the test molecule. In a third embodiment, the step of assessing the closure
of the ring comprises both the measure of the number of cells having an opened ring
and of the cells having a closed ring and the measure of the velocity of the ring closure.
In a fourth embodiment, the step of assessing the closure of the ring comprises
registering the cytokinetic ring for several cells either in presence or in absence of the
test molecule. By “several” 1s preferably mtended at least 100, 1,000, 10,000, 100,000
or 1,000,000 cells 1in each condition. If the test molecule does not modulate the cell
division, the ring of cells can statistically have any position. The superposition of the
registered rings results 1n a disk. Alternatively, 1f the test molecule blocks or mhibits the
ring closure, the ring of cells has a higher probability to be opened. The superposition of
the registered rings results in a circle. Therefore, a test molecule blocking or inhibiting
the ring closure can be selected through the form for the superposition of the registered
rings.

The cells can be synchronized at the beginning of the method or not.

When the cells are prokaryotic, the identified molecules have an interest as
antibiotic agents and the method 1s a method for screening or identifying a test molecule
having antibiotic property. When the cells are eukaryotic, the 1dentified molecules have
an 1nterest as anti-proliferative agents and the method 18 a method for screening or
1dentifying a test molecule having anti-proliferative property, i particular anti-tumor
property. When the cells are fungi, the identified molecules have an interest as anti-
fungal agents and the approach 1s a method for screening or 1dentifying a test molecule
having anti-fungal property.

The test molecule may be of various origin, naturc and composition. It may bc
any organic or morganic substancc, such as a lipid, peptide, polypeptide, nucleic acid,
small molecule, etc., 1solated or mixed with other substances. For instance, the test
compound can be an antibody, an antisense oligonucleotide, or an RNA1. The molecule

may be all or part of a combinatorial library of products, for instance.
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The advantage of the device of the present invention 1s that a high number of test
molecules can be simultancously assayed due to the high number of wells and the
automated record of the ring closure. In this embodiment, the device according to the
present invention can comprise several groups of wells on the same plate separated from
cach other such that cach group can be incubated in a different medium. For instance, a
oroup of wells can be contacted with a test molecule and another group can be contacted
with another test molecule or without any test molecule. This separation can be
provided by a physical barrier such as teflon seal or directly PDMS molded separations.
For example, see SPI Teflon” of SPI Supplies, Teflon® Printed Slides of Aname. For
instance, cach group of wells can comprise at least or about 100, 1,000, 10,000, 100,000
or 1,000,000 wells. Microfluidic system can be further used 1n order to address a
different drug at different locations or groups of wells on the device (Melin J, Quake
SR., Annu Rev Biophys Biomol Struct. 2007;36:213-31 ; Hansen C, Quake SR, Curr
Opin Struct Biol. 2003 Oct;13(5):538-44 ; Hong JW, Quake SR, Nat Biotechnol. 2003
Oct;21(10):1179-83 ; Quake SR, Scherer A, Science. 2000 Nov 24;290(5496):1536-40).

In the second use, the device of the present invention is used to diagnose
proliferative disease, in particular cancer or tumor, in a subject. Indeed, the device of
the present invention allows the determination of the properties of the ring (e.g.,
morphology, etc...) as well as the number and the velocity of the cell division.

Accordingly, the present invention concerns a method for diagnosing a
proliferative disease in a subject or a method for obtaining immformation useful for
diagnosing a proliferative disease 1n a subject, comprising:

- providing a device according to the present invention bearing cells from a

subject sample;

- assessing the closure of the ring of the cells; and,

- comparing the closure of the ring of the cells to the closure of the ring of

reference cells.

In particular, the stcp a) compriscs providing cclls from the subjcct samplc to be
tcsted; sclecting a device according to the present imnvention adapted for the provided
cells and placing the cells on the device.

In a first embodiment, the reference cells are healthy cells (1.e., cells not
suffering of proliferative disorder). Accordingly, a significant difference of the ring

closure may be indicative of a proliferative disorder or disecase. In a second
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embodiment, the reference cells are cells affected by a proliferative disorder and the
absence of a significant difference of the ring closure may be indicative of a
proliferative disorder or discase.

In a first embodiment, the step of assessing the closure of the ring comprises the
measure of the number of cells having an open ring and of the cells having a closed
ring. In this embodiment, the closure 1s significantly different in presence and 1n
absence of the test molecule when the number of opened and closed ring 18 significantly
different from the reference. In a second embodiment, the step of assessing the closure
of the ring comprises the measure of the velocity of the ring closure. In this
embodiment, the closure 1s significantly different from the reference when the velocity
1s significantly different from the reference. In a third embodiment, the step of assessing
the closure of the ring comprises both the measure of the number of cells having an
opened ring and of the cells having a closed ring and the measure of the velocity of the
ring closure. In a fourth embodiment, the step of assessing the closure of the ring
comprises registering the cytokinetic ring for several cells and determining the form of

the superposition of the rings.

In another embodiment and 1n the context of cells with a cell wall and having an
oval or rod shape, the devices according to the invention are also useful to observe any
plane perpendicular to the long axis of the cells. Preferably, the cells are yeast. The tip
growth of yeast 18 an interesting phenomenon for the scientific community but 1t cannot
be casily observed with the available devices. Therefore, the device of the mmvention
provides the means to conveniently observe the tip, and then the tip growth.

Theretfore, the present invention also concerns a method for observing a plane
perpendicular to a long axis of cells with cell wall and having an oval or rod shape,
comprising a) providing a device according to the present invention bearing the cells;
and b) observing the plane parallel to the observation plane.

The present invention further concerns the use of a device according to the
present invention for obscrving a planc pcerpendicular to a long axis of cclls with cell
wall and having an oval or rod shape with a parallel arrangement to the observation
plane. In a preferred embodiment, the observed perpendicular plane 1s the tip of the

cells.
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In addition, the present invention concerns the use of a device according to the
present invention for screening or identifying a test molecule able to modulate the tip
ocrowth of cells with cell wall and having an oval or rod shape. More specifically, it
concerns a method for screening or identifying a test molecule able to modulate the tip
orowth of cells with cell wall and having an oval or rod shape comprising:

- providing a device according to the present invention bearing cells which

have been contacted with a test molecule;

- observing the tip growth of the cells;

- comparing the tip growth of the cells in presence and in absence of the test
molecule: and,

- selecting the test molecule for which the tip growth 1s significantly different
in presence and 1n absence of the test molecule, thereby 1dentitying a test
molecule able to modulate the tip growth.

The molecules able to modulate the tip growth, 1 particular inhibit the growth,

present an interest for preventing the microorganism growth. Then, they can be used as

anti-bacterial or anti-fungal drugs.

Further aspects and advantages of the present invention will be disclosed in the
following experimental section, which should be regarded as illustrative and not

limiting the scope of the present application.

EXAMPLES

Cell division is unaltered in the microfabricated substrates.

The mventors controlled that their method did not atfect normal ccll growth. The
cells had the same treatment (nitrogen starvation, centrifugation, temperature, see
Methods), and were subsequently allowed to grow either vertically in wells, here named
egg-cups, according to the mvention or horizontally on lectin coated substrates (see
Figure 2). The same velocities for growth and division were obtained 1n both conditions.
In addition, the mventors checked that the velocity for ring closure was similar to
normal exponential growth conditions with no prior treatment (starvation,
centrifugation). Altogether these experiments show that the protocol of the mvention

does not perturb cell growth.



10

15

20

25

30

CA 02751467 2011-08-03

WO 2010/092116 PCT/EP2010/031717

22

Cytokinetic ring closure can be visualized in a single plane of focus

The mventors successfully used a variety of ring fluorescent markers (see
Methods). Here, they illustrate results with the myosin light chain encoded by rlcl gene
fused to mCherry. Figure 4 shows a typical sequence of the ring closure.

The following features should be pointed out : (1) the ring remains circular,
which proves the proper fixed orientation of cells; (11) exposure time with our set-up for
onc 1mage 18 low, typically 0.3s, which permits to have an excellent temporal
resolution; (1) the ring keeps a constant width, which 1s consistent with electron
microscopy 1mages of the same structure (Kamasaki et al., 2007); this observation
further validates the present method; (1v) the ring remains on the same focal plane with
no need for manual or automatic refocusing; since the acquisition 1s automated, all rings
of the same sample can be captured in focus, yielding potentially in one hour 10’ to 10°
rings with cell synchronisation with this experimental set-up. The present method

therefore offers rapid, reliable, and statistically significant shapes for cytokinetic rings.

Known drugs altering the closure

Myosin activity (Kamasaki et al., 2007) and actin polymerisation (Pelham and
Chang, 2002) have been shown to be involved 1n the closure of the cytokmetic ring. The
inventors 1ncubated the cells with latrunculin A (2uM), a drug known to bind
monomeric actin and therefore preventing 1ts polymerisation (Ayscough, 1998). As
shown on Figure 5B, the closure was stopped: the ring disassembled, and this led to the
clustering of myosin mnto discrete patches. The inventors also incubated cells with the
metabolic mhibitor sodium azide (Doyle and Botstein, 1996) (20mM): the closure was
stopped as well (see Figure 5A). Both results where specific inhibitors stop the

contraction further demonstrate the reliability of the present approach.

Closure velocity depends on the temperature

It was shown that thc dccercasc in diamcter 1s lincar with time (Pclham and
Chang, 2002) : the inventors checked that this relation was also linear in this
cxpermmental set-up (see Figure 6). In addition, closure velocity was shown to be

strongly dependent on temperature (Wu et al., 2003); this was also observed in this set-
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up, the velocity was increasing with temperature : 15nm/min at 18°C, 95nm/min at
27°C, and 130nm/min at 36°C.
Finally, velocities at given temperatures were similar to velocities already

reported 1n the literature (Pelham and Chang, 2002; Wu et al., 2003). This further

proves that cytokinetic rings are exhibiting normal dynamics with the present method.

Materials and Methods

Microfabrication

The procedure 1s described here for one filter (see Figure 3). However it 1s casily
performed with ten filters simultancously. The polydimethylsiloxane (PDMS) was
thoroughly mixed with 1ts curing agent (Sylgard 184, Dow Corning) in a 10:1 ratio. The
solution was allowed for degassing for 30 minutes. A porous membrane filter (pore
diameter 5.0um, shiny face up, Millipore Isopore, TMTP01300) was placed at the
bottom of a Petr1 dish. The gluing side of a simple face tape was applied on top of the
filter. The tape with the filter was removed and glued onto a double sided tape attached
to a Petr1 dish with the filter side exposed to the air. The PDMS was poured onto the
filters (non shiny face up) and the mixture was allowed to cure overnight; this step was
followed by a four hours final curing at 65°C. The stamp was then carefully peeled off.
It was exposed to a plasma cleaning for 1 minute (Harrick Plasma, PDC-32G, high

setting power), followed by a 10 minutes exposure to Chlorotrimethylsilane 97%

(Sigma-Aldrich, C72854, TMCS) vapour.

The liquid degassed PDMS muxture was spread on a glass coverslip #0 (25mm
in diameter, Fisherbrand) with a Pasteur pipette (Balaban et al., 2001), after its cleaning
with a 1 minute exposure 1n the plasma cleaner. The silanised stamp was then placed
onto the PDMS coated coverslip, and allowed to cure at room temperature overnight.
This was followed by a four hours final curing at 65°C. The stamp was carefully
separated from the coverslips, generating the egg cups pattern on the upper layer of the
30um thick elastomer. The coverslip was used as the sealed bottom of the chamber; the
overall thickness of the sample allowed to use objectives with small working distances
and high numerical apertures. For separate experiments where cells were observed 1n
regular horizontal conditions, lectin (25ul at 100ug/ml, Sigma, L2380) was dried on the

coverslips 1n order to promote cell adhesion.
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Note that larger surfaces can be prepared by using larger filters (up to 14cm 1n
diameter) with the same method. Any hole sizes can be selected, depending on the cell
type; here the inventors matched the Sum pore size to the diameter of yeast, but these
commercially available membrane filters will be used for preparing egg cups with pore
sizes ranging from 500nm for bacteria to 12-20um for mammalian cells (Millipore
Isopore, and GE Osmonics Labstore Poretics). In addition, regular arrays of egg cups
surfaces can be prepared using standard lithographic methods.

Strains, medium and reagents

Standard methods were used for cell growth (Moreno et al., 1991). Briefly, cells
were growing exponentially in EMMA4S (Moreno et al.,, 1991), and experiments were
conducted using the same medium in the chamber.

S. pombe strains successtully used 1n this study were the following;:

- JM 207 h+ rlcl mcherry::natR ura- leu- ade-, J. Moseley

- JW 1110 h+ kanMX6-Pmyo2-mYFP-myo2 ade6-M210 leul-32 ura4-D18, J.-Q.
Wu (Wu and Pollard, 2005)

- PPG 5054, h+ leul-32 ura4-DI18 pax::KanMX6 leul +::GFPpax+, Pilar Perez
[ab (Pinar et al., 2008).

- JW 977 h+ cdcl5-mYFP-kanMX6 ade6-M210 leul-32 ura4-DI8, J.-Q. Wu
(Wu and Pollard, 2005)

- 519 h- bgsli: urad’ Pngf::GF P-bgs| Tleul” leul-32 urad4-518 his3-4l,
Pilar Perez (Cortes et al., 2002)

These strains respectively contained the following ring markers:

- rlcl-mCherry  myosin 1l regulatory light chain

- myo2-YFP myosin II heavy chain

- px11-GFP paxillin-like protemn Pxl1
- cdc15-YFP membrane-cytoskeletal interactions, F-BAR domains
- begs1-GFP 1,3-beta-glucan synthase catalytic subunit Bgsl

Finally, thc mnventors uscd latrunculin A (Sigma, L5163) at 2uM, and sodium
azidc (Sigma, S2002) at 20mM.

The same experimental method could be efficient on fixed cells. Cytokinetic
rings of any cell types would be captured by immunofluorescence with cytoskeleton

labelling (myosin II antibody (Straight ¢t al., 2003), or fluorescently labelled phalloidin
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for example). Finally, rings of cells in the entire samples would be scanned by the
automated acquisition set-up.

Experimental chamber preparation

Cells were grown 1n exponential phase at 32°C. At about 0.5 optical density, the
EMMA4S medium was removed twice by centrifugation at 1000g for 2min followed by
cells resuspension in a EMM-N medium (Moreno ¢t al.,, 1991): cells were nitrogen
starved at 32°C for 5 hours. Cells were then pelleted with a 2min centrifugation at
1000g and they were resuspended in EMM4S. The egg cup surface (face up) was
carcfully placed on the top of a home-made plastic holder deposited 1in a 50ml tube
(adapted from the set-up used by (Allen et al., 2007)); 13ml of EMMA4S was poured in
the tube. Cells were exposed to sonication 30s (Branson 200, Ultrasonic Cleaner) to
separate aggregated cells, and 1ml of cell suspension was added to the 50ml tube. Cells
were then centrifuged at 500g for 2mn on the egg-cup surface resting on the special
plastic holder. The egg cup surface was carefully removed from the holder and 1t was
inserted 1n a home-made chamber (see Figure 2D). The sample preparation was
achieved by screwing a top metal piece onto the surface holder. Fresh medium
(EMMA4S, 3ml) was immediately added to the formed chamber.

Eight additional washes with fresh EMM4S were then performed by pipetting up
and down the medium 1n the chamber, 1n order to remove cells not embedded 1n wells.
Efficient removal of cells was checked during washes and was further confirmed under
the microscope. A top cover was added to the sample to prevent evaporation, and the
sample was placed 1 the incubator of the target temperature. For 25°C observations,
after 10 hours, ring closures were observed.

Microscopy

Cells were observed with two different sctups: the Deltavision acquisition

system (Applied Precision), and an Olympus CKX41 mverted microscope (Olympus)

cequipped withthe Wasab1 acquisition system (Hamamatsu) and a cooled couple-charged
dcvice camcra (C4742-96-12G04 Hamamatsu) and a shuttcr (Unmiblitz, Vincent
Associatcs). The following objcctives were uscd: 100X UPlanFl objcctive (Ph3, 1.3 NA,
Olympus), 100x UPlanSApo objcctive (1.40 NA, Olympus), and a 60X PlanApo

objective (1.45 NA, Olympus). Experiments were performed with a temperature control

unit (WeatherStation for Deltavision, or a temperature control via the oil immersion
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objective (Riveline et al.,, 1998)). Images were processed with Wasabi software

(Hamamatsu) or Imagel.
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CLAIMS

1- A method for observing a respective cytokinetic ring of cells, the method
comprising

a) providing a device, wherein the device comprises a support and a microfabricated
substrate bearing a plurality of wells suitable for respectively containing a unique
cell, the wells having a respective width and depth, wherein the width of wells is
smaller than the depth of wells and the width of wells is about the diameter of
round cells or the width of the well is about the diameter of the short axis of the
cell tor cells which have oval or rod form for orienting the closure plane of the
cytokinetic ring of said cells parallel to the support, said device bearing the cells;
and

b) observing the cytokinetic ring with the closure plane of the cytokinetic ring

parallel to the support.

2- The method according to claim 1, wherein the cells have a cell wall and the depth of

wells 1s 1/2 more or less 5 % of the cell diameter or long axis.

3- The method according to any one of claims 1 to 2, wherein the cells are yeast, the

well width 1s between 1 to 6 pm, and the well depth is between 4 to 10 um.

4- The method according to any one of claims 1 to 3, wherein the cells are yeast, the

well width 1s between 3 to 5 um, and the well depth is between 6 to 8 um.

5- The method according to any one of claims 1 to 2, wherein the cells are bacteria and

the well width is between 500 nm to 3 um.

6- The method according to any one of claims 1 to 2, wherein the cells are devoid of
cell wall and the device further comprises a top covering the wells, the wells depth being a

cell diameter, more or less 5 %, such that the cells are completely contained into them, and

the bottom of the wells and the top being coated by molecules that promote cell attachment.

CA 2751467 2017-11-09
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7- The method according to claim 6, wherein the molecules that promote cell

attachment 1s fibronectin.

8- The method according to claim 6 or 7, wherein the wells depth and width are

5  between 9.5 um and 52.5 pm.

9- The method according to any one of claims 1 to 8, wherein the thickness of the

support and the microfabricated substrate 1s less than 200 um.

10 10- The method according to any one of claims 1 to 9, wherein the support is a plate of

glass.

11- The method according to any one of claims 1 to 10, wherein the microfabricated
substrate 1s made of poly(dimethylsiloxane) (PDMS).
15

12- The method according to any one of claims 1 to 11, wherein the device further

comprises physical barriers separating several groups of wells from each other on the device.

13- The method according to claim 12, wherein the device further comprises a

20  microfluidic system 1n order to address samples to the groups of wells on the device.

14- The method according to any one of claims 1 to 13, wherein the device bears cells

which have been contacted with a test molecule for which the ability to modulate cell division

1s to be assessed, the method further comprising:
235 - comparing the closure of the cytokinetic ring of the cells in presence and in
absence of the test molecule; and
- selecting the test molecule for which the closure i1s significantly different in

presence and in absence of the test molecule, thereby i1dentifying a test molecule

able to modulate the cell division.

30
15- The method according to any one of claims 1 to 13, wherein the device bears cells

from a subject in need of in vifro diagnosis of a proliferative disorder, the method further

comprising:

CA 2751467 2017-11-09
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- comparing the closure of the ring of the cells to the closure of the ring of reference

cells.

16- The method according to any one of claims 1 to 13, wherein the device bears cells
which have been contacted with a test molecule for which the ability to modulate tip growth
of cells is to be assessed, the method further comprising:

- observing the tip growth of the cells;

- comparing the tip growth of the cells in presence and in absence of the test

molecule: and

- selecting the test molecule for which the tip growth is significantly different in

presence and in absence of the test molecule, thereby identifying a test molecule

able to modulate the tip growth.

17- A method for preparing a device for implementing the method according to any
one of claims 1 to 15 comprising:

- providing a filter having a suitable pore diameter and thickness;

- putting the filter on a first support such that the bottom side of the pores is closed;

- pouring a first liquid polymer that can be hardened, hardening the first polymer to
obtain a replica of the filter, and after hardening;

- peeling oft the obtained replica from the filter, thereby providing a template;

- optionally, carrying out an anti-adhesive treatment on the template to facilitate
demolding;

- spreading a second liquid polymer that can be hardened onto a second support;

- gently pressing or placing the template against the second support coated with the
second polymer, hardening the second polymer, and after polymer hardening;

- removing the template from the obtained microfabricated substrate, thereby

obtaining the device.

CA 2751467 2017-11-09
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In the plane of observation
Observation plane

Cytokinetic ring

Perpendicular to the plane of observation




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

