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ing) specimen in a chamber for microscopic examination, the device comprising: a first
part for mounting the device in or on the chamber; an inlet port for receiving a flow of
a liquid medium; and a second part attached to the first part, the second part being ar-
ranged to extend into the chamber in use and to form a substantially straight channel
between the second part and one or more walls of the chamber, the channel being for
constraining the specimen in use; wherein a first conduit extends from the inlet port,
through at least part of the second part, to an outlet hole in the second part, for convey-
ing the liquid medium into the chamber via the outlet hole. Also provided is an as-
sembly comprising such a device mounted in a chamber, and a method of examining a
specimen using such a device.
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SPECIMEN MOUNTING DEVICE AND METHOD FOR LIVE MICROSCOPY

Field of the Invention

The present invention relates to a device for mounting a living specimen, to enable
the specimen to be examined using a microscope whilst the specimen is alive.
The present invention is particularly applicable, but by no means limited, to the
study of plant root growth using an optical microscope. Other potential
applications include the study of other living organisms such as fungi, worms, etc.,
or other specimens that are not living but which may nevertheless change shape
or move over a period of time, such as a growing crystal, or Brownian motion in a
fluid. A method of examining a living, shape-changing or moving specimen using

such a device is also provided.

Background to the Invention

In the areas of biological science, plant science, agricultural science, and such
like, there is often a desire to study the growth (or lack thereof) of living specimens
such as plant roots or seedlings using a microscope. For example, a researcher
may wish to study the effects of certain nutrients or other environmental factors on
the growth of a specimen. To do this, the specimen may be sustained in a
chamber using a hydroponic perfusion system, and examined using an optical

microscope over an extended period of time (typically several days).

One such approach is described in a paper by Sena et al. [1]. The technique
described in this paper uses Light Sheet Microscopy (also known as Single Plane
lllumination Microscopy or “SPIM”) and a glass chamber having inlet and outlet
holes/ports for a liquid perfusion medium, the holes/ports being located in a wall of
the chamber. A vertical channel to contain the specimen is defined in one corner
of the chamber by a capillary tube, the capillary tube being held in position by a

large number of glass beads which fill the rest of the chamber.

It has been found that, in practice, the use of the beads in the above technique is

rather awkward. It also reduces the volume of the liquid medium in the chamber,
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as a consequence of which it can be difficult to control the flow of the liquid
medium through the chamber. Furthermore, with the above technique, the
presence of the holes/ports in the wall of the chamber can lead to breakage of the
chamber, as they act as sites of stress concentration and potential sources of
brittle failure. The process of connecting or disconnecting lengths of tubing to the
ports on the walls can also lead to breakage of the chamber or mechanical failure

between the ports and the chamber wall.

There is therefore a desire to improve upon the above technique. In particular,
there is a desire for a simpler way of mounting a living specimen to enable it to be
examined using a microscope, whilst also allowing the perfusion conditions to be
well controlled and reproducible. Importantly, and contrary to other pre-existing
systems such as the one described by Calder et al. [2], it is often preferable for the
growth channel of the specimen to be oriented vertically (rather than horizontally),
since this enables samples that naturally grow aligned with the gravity vector, such

as plant roots, to be studied in their natural orientation.

Furthermore, in other areas of research, there may be a similar desire to examine
other living, shape-changing or moving specimens using a microscope, under

controlled conditions, over an extended period of time.

Summary of the Invention

According to a first aspect of the present invention there is provided a device as
defined in Claim 1 of the appended claims. Thus there is provided a device for
mounting a living (or otherwise shape-changing or moving) specimen in a
chamber for microscopic examination, the device comprising: a first part for
mounting the device in or on the chamber; an inlet port for receiving a flow of a
liquid medium; and a second part attached to the first part, the second part being
arranged to extend into the chamber in use and to form a substantially straight
channel between the second part and one or more walls of the chamber, the
channel being for constraining the specimen in use; wherein a first conduit

extends from the inlet port, through at least part of the second part, to an outlet



10

15

20

25

30

WO 2017/137779 PCT/GB2017/050372

hole in the second part, for conveying the liquid medium into the chamber via the

outlet hole.

The term “inlet port” as used herein should be interpreted broadly, to encompass

any inlet through which the liquid medium can be supplied to the device.

By virtue of the device being configured to convey the liquid medium into the
chamber via the inlet port, the first conduit and the outlet hole within the device
itself, there is no need to use a specially adapted chamber having an inlet
hole/port in one of its walls. Thus, contrary to the technique disclosed by Sena et
al. [1], a readily-available off-the-shelf cuvette may now be used to form the
chamber, facilitating the experimental process and reducing costs. Moreover, as a
result of not needing to provide an inlet hole/port in one of the walls of the
chamber, this mitigates the risk of breakage arising from having a hole/port in the
chamber wall, as discussed above. Simultaneously, though, the present device is
able to physically constrain a specimen in a substantially straight channel in the
chamber, thereby facilitating examination of the specimen. It also facilitates the
use of an automated system for automatically tracking and imaging a living (or

otherwise shape-changing or moving) specimen over an extended period of time.

Optional features are defined in the dependent claims.

Thus, the first part may include the inlet port. This provides a convenient location

for the inlet port and tubing connections thereto, above the chamber in use.

Preferably the second part is arranged so as to define said channel between the
second part and a corner (i.e. two adjacent walls) of the chamber. This is
particularly advantageous for imaging a specimen using Light Sheet Microscopy /
SPIM, as it enables the specimen to be readily illuminated and for perpendicularly-

emitted fluorescence light to be readily collected for imaging.
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In the presently-preferred embodiments the second part is in the form of a shaft.
In particular the shaft may be cylindrical, although in alternative embodiments it

may have other cross-sectional geometries.

The shaft is preferably aligned close to or with a corner of the first part, said corner

of the first part corresponding to said corner of the chamber.

In certain embodiments the shaft (or second part more generally) may be provided
with spacing means, such as one or more collars, arranged to space the sacond
part from one or more walls of the chamber, to ensure free diffusion of the liguid

medium from the rest of the chamber to the channel.

In presently-preferred embodiments the second part is arranged such that the
channel that is formed is substantially vertical, thereby aligning the specimen with
the gravity vector. This enables samples that naturally grow aligned with the
gravity vector, such as plant roots, to be studied in their natural orientation.
Alternatively, the device may be used to impart a gravitational challenge on a

specimen that does not naturally grow in a vertical orientation.

However, in alternative implementations (and with the use of any necessary
sealing as appropriate, to prevent leaks) the device may be oriented such that
channel that is formed is substantially horizontal, or is oriented at any other

desired angle.

In any event, the device provides a well-defined straight channel for the specimen,

and supports controlled fluid flow at the same time.

Preferably the outlet hole is positioned at or near the bottom of the second part,
typically close to the bottom of the chamber, so as to cause the liquid medium to
flow through substantially the entire depth of the chamber, from the bottom to the
top, and thereby induce convection in the chamber and increase mixing of the

medium.
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Particularly preferably the outlet hole faces away from said channel, thereby
reducing the extent to which a specimen in the channel is subjected to turbulence

and disturbance arising from the flow of the liquid medium into the chamber.

Preferably the device further comprises an outlet port for conveying a circulated

flow of the liquid medium away from the device.

The term “outlet port” as used herein should be interpreted broadly, to encompass

any outlet through which the liquid medium can be removed.

As with the inlet port, by virtue of not needing to provide an outlet hole/port in one
of the walls of the chamber, this mitigates the risk of breakage arising from having
a hole/port in the chamber wall, as discussed above in relation to the apparatus of

Sena et al. [1].

Particularly preferably the device further comprises an outlet mouth for receiving
the circulated flow of the liquid medium from the chamber, and a second conduit

extends from the outlet mouth to the outlet port.

Preferably the first part includes the outlet port — for example, alongside the inlet

port, or facing in a different direction from the inlet port.

In the presently-preferred embodiments the outlet mouth is disposed on the
underside of the first part. In alternative embodiments the outlet mouth may be

disposed at or near the top of the second part, for example.

The first part of the device may incorporate an opening through which part of the
specimen can extend in use. In the presently-preferred embodiments such an
opening is provided in a corner of the first part, the corner corresponding to the
corner of the chamber in which the channel (in which the specimen is constrained)

is located. The opening may for example be funnel-shaped.
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In presently-preferred embodiments the device is of unitary construction, for
example formed by 3D printing or injection moulding of a plastics material. Other
materials, such as suitable biologically-inert metals (e.g. stainless steel), may

alternatively be used, with appropriate fabrication processes.

Whilst the surface of the second part (e.g. shaft) is typically untreated, in
alternative embodiments it may be provided with a chemical or biological coating
or surface treatment of some kind, and/or physical modifications. For example,
the surface of the second part may have a chemical coating, and/or a biologically-
active coating, and/or may be textured or profiled to physically challenge the

specimen.

Alternatively, or in addition, the second part may include one or more electrodes,
for example to challenge the sample by subjecting it to electrical pulses or an

electric current, or to measure any electrical activity of the sample.

Alternatively, or in addition, the second part may contain one or more optical
fibres, for example to bring light into the channel, to challenge or stimulate the

sample or to induce optogenetic manipulation.

Alternatively, or in addition, the second part may be provided with a physical

support structure, matrix or scaffold for the specimen to adhere to.

According to a second aspect of the invention there is provided an assembly
comprising a device in accordance with the first aspect of the invention mounted in
a chamber. The chamber may comprise a glass cuvette (for example, and

advantageously, a readily-available off-the-shelf optical-grade glass cuvette).

Preferably, at the corner of the chamber in which the channel (in which the
specimen is constrained) is located, the walls of the chamber meet at an angle of

substantially 90° (e.g. as may be provided by an off-the-shelf square-section
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cuvette). Such a geometry is particularly well suited for Light Sheet Microscopy /
SPIM, as it enables the specimen to be readily illuminated and for perpendicularly-
emitted fluorescence light to be readily collected for imaging. It also facilitates the
use of an automated system for automatically tracking and imaging a living

specimen over an extended period of time.

The assembly may further comprise a cover arranged to close the chamber with
the device mounted therein, for example to maintain a closed sterile environment

within the chamber.

According to a third aspect of the invention there is provided a method of
examining a living, shape-changing or moving specimen, the method comprising:
preparing an assembly in accordance with the second aspect of the invention, with
the specimen being put in said channel; causing a liquid medium to flow into and
through the chamber via the inlet port and the outlet hole; and examining the

specimen within the channel using a microscope.

The circulated flow of the liquid medium is preferably conveyed away from the

device via the outlet port of the device.

Preferably the flow of the liquid medium is continuous, although in alternative

embodiments it may be intermittent (e.g. at periodic intervals).

In one practical implementation the microscope employs Light Sheet Microscopy /
SPIM, although in alternative implementations other imaging techniques such as,

for example, transmitted light microscopy, may be used instead.

Facilitated by the use of the device of the first aspect, the method may further
comprise automatically tracking and imaging the specimen as it changes shape or

moves.
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In practice, the specimen may comprise a living organism, such as a plant or part
thereof. Alternatively the organism specimen may comprise a fungus. In a further
alternative the organism specimen may comprise a living animal such as a worm,
that can be sustained using the present apparatus for the purposes of

examination.

In further examples, the specimen may comprise a growing, moving or shape-
changing substance, such as a growing crystal, for example, or a fluid in which

there is a desire to study Brownian motion.

In all such cases, constraining the specimen to the channel provided by the
present device facilitates examination of the specimen using a microscope, and
also facilitates the use of an automated system for automatically tracking and

imaging the specimen over an extended period of time.

Brief Description of the Drawings

Embodiments of the invention will now be described, by way of example only, and
with reference to the drawings in which:

Figure 1 is a series of perspective views (individual Figures 1a, 1b, 1c and 1d) of
an embodiment of a specimen mounting device (the views all being of the same
device, from different perspectives);

Figure 2 illustrates the device of Figure 1 mounted in a chamber (without a
specimen in place or a liquid growth medium within the chamber);

Figure 3 is a schematic cross-sectional view of the device and chamber of Figure
2 (viewed across line A-A of Figure 2), showing the lower part of the device being
close to one corner of the chamber:;

Figure 4 illustrates the device and chamber of Figure 2, with a specimen in place
and a liquid growth medium within the chamber; and

Figure 5 illustrates use of the device and chamber of Figure 2 in Single Plane
lllumination Microscopy (SPIM), with an optional cover having been attached over
the top of the device (for the sake of clarity, without showing a specimen in place

or a liquid growth medium within the chamber).
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In the figures, like elements are indicated by like reference numerals throughout.

Detailed Description of Preferred Embodiments
The present embodiments represent the best ways known to the Applicant of
putting the invention into practice. However, they are not the only ways in which

this can be achieved.

Overview

As illustrated in Figures 1 to 4, and with reference initially to Figure 4, a device 10
is provided for mounting a living specimen 50 (also referred to herein as a sample)
in a chamber 40, in such a way as to sustain growth of the specimen 50 in a
straight (and typically vertical) channel 44 (Figure 3) against an internal corner 42
of the chamber 40. The specimen 50 is sustained using a liquid growth medium
48 (represented by the dashed lines in Figure 4) which fills and flows through the

chamber 40 and, crucially, the channel 44.

The device 10 is preferably of unitary construction, for example formed of a
plastics material by 3D printing or injection moulding, although it may alternatively

be formed from a plurality of component parts that are joined together.

The device 10 provides a single solution for two problems: it maintains a
continuous circulating flow of a liquid medium in the chamber 40, and at the same
time physically constrains the growth path of the specimen 50 in a straight (and

typically vertical) channel 44 in one corner (corner 42) of the chamber 40.

Constraining the growth of the specimen 50 in a straight channel is highly
advantageous in facilitating automatic tracking and imaging of the specimen 50
(e.g. in SPIM, as illustrated in Figure 5); while providing a continuous circulating
flow of liquid medium (perfusion) is beneficial in creating an optically transparent
sample embedding and a uniform and controlled growth medium. This last point is

very important, as continuous perfusion allows one to maintain control of the
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composition of the medium (e.g. oxygen, carbon dioxide, nutrients, waste from the
living specimen, etc.). Vertical orientation of the growth channel 44 is also a key
advantage since it enables specimens that naturally grow aligned with the gravity
vector, such as plant roots, to be studied in their natural orientation. Alternatively,
vertical orientation of the growth channel 44 may be used to impart a gravitational

challenge on a specimen that does not naturally grow in such an orientation.

Further, and highly advantageously, the device 10 allows the specimen 50 to be
mounted at any time during its lifetime, and to be removed and re-mounted many
times, to allow for experimental procedures (dissections, treatments, etc.) and

manipulations to take place.

Summary of some of the key advantages offered by embodiments of the device:
¢ Single-piece construction, giving rise to simpler manufacturing
e Constrained growth of the specimen in a linear channel
e Sustained vertical growth of the specimen
e Continuous perfusion of liquid medium in the chamber

¢ Reversible mounting process allows for flexible experimental protocols.

Practical applications of the device

The device 10 was originally developed for studying the primary root of
Arabidopsis thaliana, but the size of the device and the material from which it is
made may be readily adapted for use with roots of other plant species, or even

other living organisms (fungi, worms, etc.).

Furthermore, the device 10 may be used for examination of non-living objects as
well. Although it was originally developed to support a living specimen in
hydroponic conditions, it may alternatively be used for imaging any microscopic
system in a straight (e.g. vertical) channel. For example, the growth of crystalline
materials in one dimension (e.g. aligned with the gravity vector) may be examined,

or the effects of Brownian motion vs gravity in viscous fluids may be studied.
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Similarly, we present below a particular realization in which an off-the-shelf optical-
grade glass cuvette with a square cross section is used as the chamber 40, but
the device 10 may be readily modified to be used in other chambers with different

geometries.

Fabrication of the device

In one embodiment the device 10 is 3D printed as a single piece, made of a
plastics material such as nylon. In alternative embodiments it may be formed
using other techniques (e.g. injection moulding) and/or may be assembled from a
plurality of separate parts that are joined together. In any event, the device 10 has
no moving parts, so no maintenance is required. As those skilled in the art will
appreciate, other plastics materials may be used to form the device 10, or
alternatively it may be formed of a suitable metal. More generally, the material
from which the device 10 is formed should preferably be biologically inert (e.g. a
plastics material, or stainless steel) and, unless the device 10 is intended to be

single-use, should be sterilisable (e.g. autoclavable).

Configuration and constituent features of the device

As shown in the different perspective views (Figures 1a-1d) within Figure 1, the
device 10 comprises an upper (or “first”) part 12 attached to a lower (or “second”)
part 14. In the presently-preferred embodiments the upper part 12 is directly
attached to the lower part 14, although in alternative embodiments one or more
intermediate parts may be disposed between the upper part 12 and the lower part
14,

The upper part 12 comprises a body 13, an inlet port 16, an outlet port 18, an
outlet mouth 24, and a funnel-shaped corner 26. Formations 30 and 32 are also
provided on the underside of the upper part 12, to provide rigidity to the overall
device 10 and to facilitate mounting of the device 10 in a chamber 40 (as

discussed in greater detail below).
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The lower part 14 comprises a hollow straight vertical shaft 20 which is provided
with a lateral outlet hole 22. The shaft 20 is aligned close to (or with) a corner of
the first part 12. A first continuous conduit runs from the inlet port 16, through the
upper part 12 and down the shaft 20, to the hole 22. Thus, the inlet port 16 is in
fluid communication with the hole 22. A second continuous conduit runs from the
outlet mouth 24, through the upper part 12, to the outlet port 18. Thus, the outlet
mouth 24 is in fluid communication with the outlet port 18. In the illustrated
embodiment, the lower part 12 further comprises two collars 28 which surround
the shaft 20, in upper and lower positions. However, in alternative embodiments

the collars 28 need not be present, or can be present in a different number or size.

Mounting of the device in a chamber

With reference to Figures 1, 2, 3 and 4, in use the device 10 is mounted in a
chamber 40. Preferably the body 13 of the upper part 12, and the formations 30
and 32, are shaped so as to enable the upper part 12 to fit with a gentle friction fit
into the upper opening of the chamber 40. As shown in Figure 3, the shaft 20 is
configured such that it extends close to one right-angled corner 42 of the chamber
40. This position of the shaft 20 creates a straight vertical space or channel 44 in
the corner 42 of the chamber 40, in which channel 44 the specimen 50 is
constrained and can grow. The length of the shaft 20 is preferably such that it
reaches the bottom of the chamber 40, or comes very close to the bottom of the
chamber 40, so as to ensure that, during use, a specimen 50 constrained in the
channel 44 cannot grow or otherwise make its way under the bottom of the shaft
20 and into the rest of the chamber 40.

For imaging the specimen 50 using Light Sheet Microscopy / SPIM, in which the
direction of observation is perpendicular to the direction of illumination, it is highly
desirable that the corner 42 of the chamber 40 be right-angled and made of
optical-grade glass. Advantageously, off-the-shelf optical-grade glass cuvettes
with a square cross-section may be readily obtained for this purpose. However,

alternative arrangements may be envisaged, in particular for use with other
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imaging techniques, where the corner 42 of the chamber 40 need not be right-

angled.

As discussed further below, the distance of the shaft 20 from the corner 42 of the
chamber 40, and thus the cross-sectional width of the channel 44 (and in turn the
size of the specimen that can be accommodated), is primarily determined by the

diameter of the shaft 20 and of the collars 28.

In the illustrated embodiment the collars 28 serve to keep the shaft 20 a small
predetermined distance from the walls of the chamber 40, said distance being
determined by the distance by which the collars 28 project from the shaft 20. The
space thus formed, between the shaft 20 and the chamber walls, allows free
diffusion of the liquid medium from the rest of the chamber (e.g. region 46) to the
channel 44. As those skilled in the art will appreciate, it is important that said

space is small enough to prevent the exit of the specimen from the channel 44.

As illustrated for example in Figure 4, a corner of the upper part 12 of the device
10 (corresponding to the corner 42 of the chamber 40 where the channel 44 is)
has a funnel-shaped profile 26, to accommodate any part of the specimen 50 not
entering (or growing out of) the channel 44. In the case of Arabidopsis thaliana,

this may be its hypocotyl and cotyledons.

Tubing connections and fluid flow

The inlet port 16 is shaped to connect to a first length of tubing (e.g. made of
silicone rubber) which leads from an external reservoir of the liquid medium that is
to fill and flow through the chamber 40 in use. To effect the connection between
the first length of tubing and the inlet port 16, the end of the first length of tubing
may for example be pushed around the outer circumference of the inlet port 16.
The inlet port 16 may be provided with gripping means (e.g. one or more ridges) to
securely retain the end of the first length of tubing around the inlet port 16 during

use.
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In use, the liquid medium is delivered from the external reservoir to the inlet port
16 via the first length of tubing, either continuously (and gently) or intermittently
(e.g. at periodic intervals), for example using a pump or a syringe. Thus, the liquid
medium enters the device 10 via the inlet port 16 and is pushed down the hollow
shaft 20. The liquid medium exits the shaft 20 via the hole 22 and then flows into
the chamber 40.

Similarly, the outlet port 18 is shaped to connect to a second length of tubing (e.g.
made of silicone rubber) which leads to a fluid collection tank (or other container)
or drain, or, potentially, back to the abovementioned supply reservoir in order to
create a closed circulating system. To effect the connection between the second
length of tubing and the outlet port 18, the end of the second length of tubing may
for example be pushed around the outer circumference of the outlet port 18. The
outlet port 18 may be provided with gripping means (e.g. one or more ridges) to
securely retain the end of the second length of tubing around the outlet port 18

during use.

In use, the liquid medium, flowing out of the hole 22, fills the chamber 40 (as
indicated by the dashed lines / liquid medium 48 in Figure 4) and flows through the
chamber (essentially from bottom to top). It should be noted that the hole 22 is on
the opposite side of the chamber 40 from the channel 44, and consequently the
flow direction of the liquid medium is away from the channel 44. Advantageously,
as a result, the specimen in the channel 44 is subjected to minimal turbulence and

disturbance from the flow of the liquid medium into the chamber 40.

During flow of the liquid medium, the outlet mouth 24 receives excess liquid
medium from the chamber 40, essentially in the manner of an overflow, such as to
keep the volume of the liquid medium inside the chamber 40 constant. The liquid
medium received by the outlet mouth 24 passes to the outlet port 18 and from
there, via the connected second length of tubing, to the collection tank or drain. If
necessary or desired, the removal of the liquid medium via the outlet mouth 24

and the outlet port 18 may be aided by a pump or a syringe. Indeed, if required,
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the outlet port 18 may be subjected to continuous suction by a pump, to remove

any liquid that reaches the outlet mouth 24.

Preferably the flow of the liquid medium through the chamber 40 is continuous, in
order to apply steady-state conditions (e.g. in terms of salts, nutrients, oxygen,

etc.) to the specimen 50, and to remove waste from the specimen 50.

Preferably the flow of the liquid medium through the chamber 40 is as slow as

possible whilst keeping the specimen 50 well-sustained, to avoid turbulence.

It should be noted that, during the course of a typical experiment, the liquid
medium is the only thing in the chamber 40, apart from the device 10 and the
specimen 50. Advantageously, no beads or such like are required to help support
the specimen. As a result of being able to fill the entire volume of the chamber 40
(apart from the device 10 and the specimen 50) with the liquid medium, this
provides the user with better control of the flow of the liquid medium through the
chamber 40, with a more even distribution of nutrients through the chamber 40,
and without causing turbulence. It is also easier to adjust and control the
temperature of the liquid medium flowing through the chamber 40, if desired.

These factors in turn lead to greater reproducibility of the experimental procedure.

However, if desired, the available space within the chamber 40 away from the
channel 44, e.g. region 46, may be used to contain one or more sensors or other
devices, such as a temperature sensor, a pH sensor, or an oxygen concentration
sensor, for example. The ability to provide such sensors in this space is a further

advantage resulting from the chamber 40 not being filled with beads.

The liquid medium

Those skilled in the art of hydroponics will be familiar with possible compositions
for the liquid medium (e.g. comprising a mixture of water, salts, sucrose, and pH
adjustment) for sustaining the growth of a specimen. In any given case, the

composition of the liquid medium will generally be selected to suit the specimen
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being studied. One example of the liquid medium, optimized for hydroponics
culture of Arabidopsis thaliana, has the following composition:

1/4X Murashige and Skoog Basal medium, 0.5% sucrose, 0.05% MES
hydrate, adjusted to pH 5.7 with KOH and sterilised by autoclaving at 121°C.

Although, typically, an unchanging composition of the liquid medium will be
supplied for the duration of an experiment, if desired the composition of the liquid

medium may be changed during the course of the experiment.

Further, if desired, one or more gasses may be introduced into the liquid medium
as it is fed to the device 10. For example, a gas may be diluted in the liquid
medium upstream of the inlet port 16, such that the gas is present in the liquid
medium that is supplied to the device 10. Alternatively, a valve may be provided
upstream of the inlet port 16, to enable the user to selectively switch the supply

between the liquid medium and a gas.

Further, if desired, heating or cooling means may be provided to enable the user

to control the temperature of the liquid medium that is supplied to the device 10.

Also, if desired, by reversing the pump attached to the inlet port 16 (i.e. such that it
sucks rather than delivers), it is possible to suck all the liquid medium out of the
chamber 40 via the hole 22. This is a reversible process, as the pump can be
reversed again to re-fill the chamber 40. This makes it possible to expose the
specimen to cycles of wet and dry conditions, further expanding the experimental

use of the device.

Size and geometry of the device and the chamber

The size of the device 10 can be scaled to accommodate a variety of different
organisms. The most important parameter which may be varied is the size of the
channel 44, in particular its cross section. The vertical length of the channel 44
and the total size of the chamber 40 may also be varied depending on the age and

type of the organism, especially when looking at plants.
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As will be appreciated from Figure 3, the cross-sectional width of the available
channel 44 is determined by the diameter of the shaft 20. The following table lists

some suitable shaft diameters for some popular model systems.

Organism Typical diameter of | Suitable shaft
specimen (microns) | diameter (mm)

Neurospora crassa (mold) 10 0.06

C. elegans (nematode) 80 0.47

Arabidopsis thaliana root 120 0.70

Zea mays (corn) root 400 2.36

Triticum aestivum (barley) root | 600 3.53

Oryza sativa (rice) root 1300 7.66

If a shaft has a greater diameter than is desired for a given application, then, to
further constrain the specimen, an extra pin (with collars to allow medium flow)
may be added between the shaft 20 and the corner 42 of the chamber 40. For
example, if a shaft 20 having a diameter of 4.2 mm is used, it creates a channel
against the corner 42 of the chamber which could accept a specimen of up to 700
microns in diameter, which may be larger than is desired for a particular specimen.
Thus, in order to further constrain an Arabidopsis thaliana root, for example, an
extra pin of diameter 700 microns (with collars to allow medium flow) may be
added between the shaft 20 and the chamber corner 42, which effectively reduces

the available space in the channel 44 to the desired diameter of 120 microns.

Merely by way of example, in one present embodiment, the following dimensions
of the device 10 and chamber 40 are used:
e Chamber 40 (a glass cuvette): external dimensions of 12.5mm x 12.5 mm
x 45.0 mm
e Upper part 12 of the device 10: length x width x height = 10.0 mm x
10.0 mm x 18.0 mm
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o Lower part 14 of the device 10 (i.e. the shaft 20): height = 32.0 mm;

external diameter = 4.2 mm; internal diameter (hollow) = 2.6 mm

The above chamber size is sufficient to sustain most young seedlings and small

organisms, such as the ones listed in the table above.

Microscopy set-up

By way of example, Figure 5 illustrates the device 10 in use in Light Sheet
Microscopy / Single Plane lllumination Microscopy (SPIM). It should be noted
that, in Figure 5, the specimen, the liquid medium, and the first and second
lengths of tubing (and one or more reservoirs, etc.) have been omitted for the sake

of clarity of the diagram, but would normally be present in practice.

As illustrated, an optional cover 52 may be attached over the top of the device 10,
to maintain a closed sterile environment within the chamber 40. When studying
plants, this cover 52 is preferably transparent, to allow light to reach the leaves of

the specimen.

Comprehensive details of how Light Sheet Microscopy / SPIM is performed may
be readily found elsewhere (see e.g. in [1]), and so need not be described in full
detail in the present work. However, by way of a brief overview of the technique,
and to illustrate some of the advantages conferred by the present device 10, in the
set-up 60 depicted in Figure 5 the chamber 40 is mounted upright in a holder 62
upon a horizontal three-axis (X-Y-Z) movable stage 64. Thus, the channel 44
within the chamber 40 is oriented vertically, as is the specimen that is constrained
within the channel 44. Accordingly, specimens that naturally grow aligned with the

gravity vector, such as plant roots, can be studied in their natural orientation.

A laser 66, producing a laser beam, is arranged to illuminate the specimen via a
cylindrical lens 68, thereby generating a light sheet which causes the specimen to

fluoresce in the plane of the light sheet.
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With Light Sheet Microscopy / SPIM, the direction of observation is perpendicular
to the direction of illumination. Thus, an objective lens 70 is arranged to collect
perpendicularly the fluorescence light emitted from the light sheet and to project
the collected light onto an imaging sensor 72 (e.g. a charge coupled device or
CCD camera). The imaging sensor 72 is typically mounted on a movable (X-Y)

stage, to control focus and to track the specimen.

Since the laser light supplied to the specimen and the fluorescence collected from
the specimen are at 90° to one another, as discussed above, it is desirable that
the corner 42 of the chamber 40, where the specimen-containing channel 44 is, be

right-angled and made of optical-grade glass.

A computer-controlled system running appropriate software may be employed to
automatically track and image the living specimen (by moving the stage 64 using
motors, and potentially also adjusting the optics), as the specimen changes shape
(e.g. as it grows or dies). Having the living specimen constrained to the narrow
straight vertical channel 44 in the chamber 40 greatly facilitates such automatic
tracking and imaging. Indeed, with pre-existing specimen mounting arrangements
it has been found that automatic tracking and imaging of a living specimen is very
difficult (if not impossible) and unreliable, but use of the present device 10 to
constrain the specimen has been found to greatly improve the accuracy of the

automatic tracking and imaging process.

As those skilled in the art will appreciate, Figure 5 is a simplified diagram of the
optical set-up for Light Sheet Microscopy / SPIM. A number of commonly-used
elements (e.g. beam expander, iris, shutter, fluorescence filters, etc.) have been

omitted from the diagram for the sake of clarity.

The present device 10 is not restricted to use in Light Sheet Microscopy / SPIM.
Indeed, other imaging techniques, such as scattered light microscopy, for
example, may alternatively be used to study the growth of a living specimen within

a chamber using the device 10.
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Possible modifications and alternative embodiments

Detailed embodiments have been described above, together with some possible
modifications and alternatives. As those skilled in the art will appreciate, a number
of additional maodifications and allernatives can be made to the above

embodiments whilst still benefiting from the inventions embodied therein.

- The inlet port 16 and the outiet port 18
Whiist in the above embodiments the inlet port 16 and the outlet port 18 are
shaped o allow lengths of tubing io be pushed around them, to thergby effect
connections, in alternative embodiments other coupling/connecting means may be
provided. For example, “push-to-connect” connectors may be provided, to enable

lengths of tubing to be easily connected 1o the ports.

Whiist in the above embodiments the inlet port 16 and the outlet port 18 are
parallel o each other, in alternative embodiments they may be angled away from
each other, for example to allow larger diameter tubing or larger couplings to be

connected to the ports.

- The shaift 20
Whilst in the above embodiments the surface of the shaft 20 is untreaied, in
alternative embodiments the surface of the shaft 20 may be treated in a variety of

ways (or any combination thereof), as follows:

The shaft 20 may be coated with any chemical of interest (e.g. to induce abiotic
stress in a controlled environment), to enable the interaction between the
specimen and the coating to be studied. For example, the coating may comprise

a nitrogen-fixing substance.

The shaft 20 may be textured to accept in situ culture of a microorganism of

interest (e.g. to induce biotic stress or symbiosis).
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More generally, the shaft 20 may be coated with any biologically-active material of
interest (e.g. proteins, bacteria, organisms, etc.), to enable the interaction between

the specimen and the coating to be studied.

The shaft 20 may be textured or profiled to physically challenge the sample (e.g.

physical constraints, to induce mechanical stress on the sample).

The shaft 20 may be modified to contain one or more electrodes, to challenge the
sample by subjecting it to electrical pulses or an electric current, or to measure

any electrical activity of the sample.

The shaft 20 may be modified to contain one or more optical fibres, to bring light
into the channel, to challenge or stimulate the sample or to induce optogenetic

manipulation.

The shaft 20 may be provided with a physical support structure, matrix or scaffold

(e.g. radially-extending arms) for the growing specimen to adhere to.

Whilst in the above embodiments the shaft 20 is provided with collars 28 to
determine the spacing of the shaft 20 from the walls of the chamber 40, in
alternative embodiments the shaft 20 may be provided with other spacing means
{e.g. ridges, arms, spacers efc.), or they may be omitted aliogether. For example,
the device 10 may be manufactured with sufficient precision and the shaft 20 may
have sufficient inherent rigidity to reliably provide a small space between the shaft

20 and the walls of the chamber 40 without the need for collars 28 or the like.

Moreover, in another variant, small groves may be provided in the surface of the
shaft 20, to allow free diffusion of the liguid medium into the channel 44, without

the use of collars or such like.

Whiist in the above embodiments the shaft is cylindrical in shape, in alternative

embodiments it may have other cross-sectional geometries.
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Whilst in the above embodiments the shafl s arranged o form the specimen-
cortaining channel between the shaft and two adjacent walls {i.e. a corner) of the
chamber, in alternative embodiments the shaft may be shaped and arranged {o
form a specimen-containing channel between the shaft and a single wall of the
chamber. In such a case the shaft may, for example, be formed with a U-shaped
cross-section, such as to form the channel in the centre of the “U”. Whilst such a
configuration may not be suitable for use with Light Sheet Microscopy / SPIM, it may
be suitable for use with other imaging techniques, such as reflected light microscopy.

-~ The hole 22
Whiist in the above embodiments a single hole 22 is provided in the shaft 20, for
the liguid medium to flow though, in alternative embodiments a plurality of such

holes may be provided in the shaft.

Further, whilst in the above embodiments the single hole 22 faces away from the
channel 44, to avoid subjecting the specimen {o turbulence and disturbance from
the flow of the liquid medium, in alternative embodiments the hole(s) may face
towards the specimen, for example in order to study the effects of turbulence on

the growth of the specimen.

- The chamber 40
Whiist in the above embodiments, for simplicity, an off-the-shelf glass cuvette with
a square cross section s used as the chamber 40, in alternative embodiments the
chamber may have other shapes (i.e. other than square cross-section). However,
to facilitate imaging (in particular when using Light Sheet Microscopy / SPIM), the
corner 42 in which the channel 44 is formed and the specimen is constrained is
preferably at an angle of 90° and at least the comer 42 through which the
specimen s imaged is preferably made of an optical-grade material {e.g. glass).
The rest of the cross-section of the chamber 40 may in principle be any shape and

may also in principle be made of other materials.
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Finally, referring to Figure 5, the entire 40+70 optical arm could be contained and
immersed in a containment vessel, filled with water or oil, {0 minimize changes in

refractive index, and thus oplimizing imaging.
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CLAIMS

1. A device for mounting a living, shape-changing or moving specimen in a
chamber for microscopic examination, the device comprising:

a first part for mounting the device in or on the chamber;

an inlet port for receiving a flow of a liquid medium; and

a second part attached to the first part, the second part being arranged to
extend into the chamber in use and to form a substantially straight channel
between the second part and one or more walls of the chamber, the channel being
for constraining the specimen in use;

wherein a first conduit extends from the inlet port, through at least part of
the second part, to an outlet hole in the second part, for conveying the liquid

medium into the chamber via the outlet hole.

2. A device as claimed in claim 1, wherein the first part includes the inlet port.

3. A device as claimed in claim 1 or claim 2, wherein the second part is

arranged so as to define said channel between the second part and a corner of

the chamber.

4. A device as claimed in claim 3, wherein the second part is in the form of a
shaft.

. A device as claimed in claim 4, wherein the shaft is cylindrical.

6. A device as claimed in claim 4 or claim 5, wherein the shaft is aligned close

to or with a corner of the first part, said corner of the first part corresponding to

said corner of the chamber.

7. A device as claimed in any preceding claim, wherein the second part is
provided with spacing means arranged o space the second part from one or more

walls of the chamber.
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8. A device as claimed in claim 7, wherein the spacing means comprise one

or more collars arranged around the second part.

9. A device as claimed in any preceding claim, wherein the second part is

arranged such that the channel is substantially vertical.

10. A device as claimed in any preceding claim, wherein the outlet hole is

positioned at or near the bottom of the second part.

11. A device as claimed in any preceding claim, wherein the outlet hole faces

away from said channel.

12. A device as claimed in any preceding claim, further comprising an outlet

port for conveying a circulated flow of the liquid medium away from the device.

13. A device as claimed in claim 12, further comprising an outlet mouth for
receiving the circulated flow of the liquid medium from the chamber;

wherein a second conduit extends from the outlet mouth to the outlet port.

14. A device as claimed in claim 13, wherein the first part includes the outlet

port.

15. A device as claimed in claim 14, wherein the outlet mouth is disposed on

the underside of the first part.

16. A device as claimed in any preceding claim, wherein the first part

incorporates an opening through which part of the specimen can extend in use.

17. A device as claimed in claim 16, wherein the opening is in a corner of the

first part.
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18. A device as claimed in claim 17 when dependent on claim 3, wherein said

corner of the first part corresponds to said corner of the chamber.

19. A device as claimed in any of claims 16 to 18, wherein the opening is

funnel-shaped.

20. A device as claimed in any preceding claim, being of unitary construction.

21. A device as claimed in any preceding claim, wherein the surface of the

second part has a chemical coating.

22. A device as claimed in any preceding claim, wherein the surface of the

second part has a biologically-active coating.

23. A device as claimed in any preceding claim, wherein the surface of the

second part is textured or profiled to physically challenge the specimen in use.

24. A device as claimed in any preceding claim, wherein the second part

comprises one or more electrodes.

25. A device as claimed in any preceding claim, wherein the second part

comprises one or more optical fibres.

26. A device as claimed in any preceding claim, wherein the surface of the
second part comprises a physical support structure, matrix or scaffold for the

specimen to adhere to in use.

27. An assembly comprising a device as claimed in any preceding claim

mounted in a chamber.

28. An assembly as claimed in claim 27, wherein the chamber comprises a

glass cuvette.
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29. An assembly as claimed in claim 27 or claim 28 when dependent on claim
3, wherein, at said corner of the chamber, the walls of the chamber meet at an

angle of substantially 90°.

30. An assembly as claimed in any of claims 27 to 29, further comprising a

cover arranged to close the chamber with the device mounted therein.

31. A method of examining a living, shape-changing or moving specimen, the
method comprising:

preparing an assembly as claimed in any of claims 27 to 30 with the
specimen being put in said channel,

causing a liquid medium to flow into and through the chamber via the inlet
port and the outlet hole; and

examining the specimen within the channel using a microscope.

32. A method as claimed in claim 31 when dependent on any of claims 12 to
15, further comprising conveying the circulated flow of the liquid medium away

from the device via the outlet port.

33. A method as claimed in claim 31 or claim 32, wherein the microscope

employs Light Sheet Microscopy / Single Plane lllumination Microscopy.

34. A method as claimed in any of claims 31 to 33, further comprising

automatically tracking and imaging the specimen as it changes shape or moves.

35. A method as claimed in any of claims 31 to 34, wherein the specimen

comprises a living organism.

36. A method as claimed in claim 35, wherein the specimen comprises a plant

or part thereof.
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37. A method as claimed in claim 35, wherein the specimen comprises a

fungus.

38. A method as claimed in claim 35, wherein the specimen comprises an

animal such as a worm.

39. A method as claimed in any of claims 31 to 34, wherein the specimen

comprises a growing, moving or shape-changing substance.

40. A method as claimed in claim 39, wherein the specimen comprises a

growing crystal.

41. A method as claimed in claim 39, wherein the specimen comprises a fluid

and the method is for studying Brownian motion in the fluid.

42. A device substantially as herein described with reference to and as

illustrated in any combination of the accompanying drawings.

43. An assembly substantially as herein described with reference to and as

illustrated in any combination of the accompanying drawings.

44, A method of examining a living specimen substantially as herein described
with reference to and as illustrated in any combination of the accompanying

drawings.
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having an outlet hole and a surface modification of the

second part or additional functional elements provided on/in
the second part.
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