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(57) Abstract: The present invention relates to a device for enabling an op-

Fig. 1

tically controlled chemical reaction in a reaction chamber; it comprises a

substrate on a removable cartridge for binding at least one molecule on a

103

~._'2°

frst surface of the substrate, an oplical arrangement conligured to direct
cleavage light to the substrate to optically induce a photochemical cleavage
reaction, and a wiregrid further thermally coupled to a heat conductive ele-
ment. Such a device can be used for example to carry out an optically con-
trolled chemical reaction, particularly a nucleic sequencing reaction. It can
be used to carry out reactions with an increased throughput without over-
heating the device itself or the reagents used.
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Optical controlling of a chemical reaction

FIELD OF THE INVENTION

The present invention relates to a device and a method for enabling an
optically controlled chemical reaction in a reaction chamber comprising a reagent fluid. In
particular, the prcsent invention rclates to a device for cnabling an optically controlled
iterative stepwise reaction to determine a sequence of a nucleic acid, and a method for
enabling an optically controlled iterative stepwise reaction to determine a sequence of nucleic
acid. The device comprises a removable cartridge comprising a substrate for binding at least
one molecule on a first surface of the substrate, and an optical arrangement configured to

direct cleavage light to the substrate to optically induce a photochemical cleavage reaction.

BACKGROUND OF THE INVENTION

WO 2013/105025 A1, which is incorporated into the present text by reference,
describes a device and a method for optically controlling the iterative incorporation of
fluorescently labeled nucleic acids into a molecule attached to the surface of a wiregrid
substrate. Based on a strong optical confinement of excitation light and of cleavage light by
evanescent waves, the sequencing reaction can be read-out without washing the surface.
Stepwise sequencing is achieved by using nucleotides with optically cleavable blocking
moieties. After read-out the built-in nucleotide is deblocked by cleavage light through the
same substrate. This ensures that only bound nucleotides will be unblocked.

Such device and method yield the best results at an optimal temperature range.
The cleavage light required for this method must be a high intensity UV light. V.A. Litosch
et al. in Nucl. Acid Research 36 (6) (2010) ¢39) estimate that an intensity of up to 1 W/em?is

required, although recent improvements lowered such threshold to about 4mW/cm?.

SUMMARY OF THE INVENTION
It would be advantageous to have a procedure that allows for an optically
controlled chemical reaction, particularly a nucleic sequencing reaction, with an increased

throughput.
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It is therefore an object of the present invention to provide a device and a
method according to the opening paragraph, which address such concern.

In a first aspect of the invention the object is achieved by a device for enabling
an optically controlled chemical reaction in a reaction chamber comprising a reagent fluid,
said device comprising: a removable cartridge comprising a substrate for binding at least one
molecule on a first surface of the substrate; an optical arrangement configured to direct
cleavage light to the substrate to optically induce a photochemical cleavage reaction; wherein
the substrate further comprises a wiregrid, and wherein the wiregrid is further thermally
coupled to a heat conductive element.

According to the invention, the reagent fluid may be cooled. Cooling may for
example be achieved by connecting the wiregrid to a conductive element having a higher
thermal mass than the substrate, through which excess heat can be transferred to a cooling
medium (e.g. the surrounding atmosphere). Additionally or alternatively, means for actively
cooling the reagent fluid may be provided, too, for example a Peltier element.

By thermal mass it is intended the ability of a body to store thermal energy.
Thercfore, in the context of the present invention, the higher the thermal mass of an clement
is, the larger the amount of heat generated by the cleavage light that can be conducted and
thus dissipated by such element.

The "reaction chamber” is typically an open cavity, a closed cavity, or a cavity
connected to other cavities by fluid connection channels.

According to a second aspect, the object is achieved by a method for optically
controlling a chemical reaction in a reaction chamber comprising a reagent fluid, said method
comprising the following steps: providing a substrate with a molecule bound on a first
surface of the substrate , wherein said first surface is a wall of the reaction chamber;
irradiating the substrate with cleavage light of a cleavage wavelength Acr, preferably UV
light, by an optical arrangement and thereby optically inducing a photochemical cleaving
reaction; and thermally coupling the substrate to a heat conductive element

It shall be noted that all embodiments of the present invention concerning a
method, might be carried out with the order of the steps as described, nevertheless this has
not to be the only and essential order of the steps of the method. All different orders and
combinations of the method steps are herewith described.

The described device and method are based on the same basic idea, i.e. to
control the temperature of the substrate that is irradiated with cleavage light, so that

overheating of the wiregrid substrate and of the buffers containing the reagents caused by
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overheating is prevented. Since overheating would reduce the sustainable throughput rate, the
invention has a substantial positive effect on the performance of the system, meaning that the
reaction can be carried out at a higher throughput rate. Explanations and embodiments
described for the device are therefore analogously valid for the method, too, and vice versa.

The device and the method allow for (photo-) chemical reactions taking place
with a high throughput at the surface of the substrate. This is because the heat conductive
element coupled to the substrate allows the excessive heat which is produced by the
irradiation of cleavage light to be carried away. Hence high intensities of cleavage light can
be applicd without damaging matcrial at the surfacce, which cnables higher rcaction ratces.

On the other hand, it might be necessary to increase the temperature of the
substrate, should this be lowered below the temperature required for an optimal reaction
inside the reaction chamber; should this be the case, the heat conductive element allows the
substrate to be heated by an external heat source.

In the following various preferred embodiments will be described in more
detail that can be realized both in combination with the device as well as with the method
(even if they are only explained for one of the device and the method). Synergistic effects
may arise from different combinations of the embodiments although they might not be
described in detail.

In one embodiment, the heat conductive element is capable of actively cooling
and/or heating the substrate. An advantage of this embodiment is that the reaction
temperature can be maintained within a close range to the optimal temperature.

In the context of the present invention, the reaction temperature is the temperature of the fluid
while the reaction takes place; the reaction temperature is raised by the cleavage light, which
heats up both the substrate and the reaction fluid.

In an embodiment of the device according to the first aspect, the heat
conductive element is further connected to a device for controlling the temperature. An
advantage of this embodiment is that the reaction temperature can be more finely controlled
by such device. The reaction temperature may for example be controlled in a feedback loop
based on a sensed temperature (e.g. of the reagent fluid or of the substrate) such that the
temperature at the reaction surface is always kept at an optimal level.

It was already mentioned that the coupling of the wiregrid to a heat conductive
element can prevent overheating of the volume at the surface of the substrate. Accordingly,

comparatively higher intensities of the cleavage light can be applied. In a preferred



10

15

20

25

30

WO 2016/046408 PCT/EP2015/072184
4

embodiment, intensity of the cleavage light is larger than about 0.1 mW/cm?, larger than
about 0.5 mW/cm’, larger than about 1 mW/cm®, or larger than about 5 mW/cm”’.

In the following, further embodiments of the invention will be explained.

BRIEF DESCRIPTION OF THE DRAWINGS
Exemplary embodiments of the invention will be described in the following drawings.

Fig. 1 is a schematic cross section of a device according to a first exemplary
embodiment of the invention.

Fig. 2 is a schcmatic cross scction of a device according to a sccond cxemplary
embodiment of the invention.

Fig. 3 is a schematic top view of a close-up of the wiregrid and the heat
conductive element comprised in the device according to an exemplary embodiment of the
invention.

Fig. 4 is a schematic top view of a close-up of the wiregrid and the heat
conductive element comprised in the device according to another exemplary embodiment of

the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

In the context of the present invention, the term "blocking moiety” is to be
understood as a moiety which blocks a synthesizing activity of an enzyme in the case where
the blocking moiety is incorporated into a molecule at which the enzyme performs a
synthesizing process. A blocking moiety may be ¢.g. a blocking molecule.

In the context of the present invention, the term "cleavable" should be
understood as allowing to be cleaved away by absorbing cleavage light of wavelength Acr.

In the context of the present invention it should be understood, that every
embodiment of the optical arrangement disclosed herein may be configured to emit polarized
excitation light and polarized cleavage light. Thus, a polarizer or already polarized light
sources may be used. Details will be described later on.

Furthermore, the term "excitation light" in the context of the present invention
applies to the wavelength Apxi, Apx2, Apxs and Apxa, respectively.

According to an exemplary embodiment of the invention, a device of the kind
defined above for optically controlling a nucleic acid sequence is presented. In particular, the
device is configured to optically control an iterative stepwise reaction to determine a

sequence of a nucleic acid by synthesis. Alternatively, instead of sequencing by synthesis, a
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synthesis by ligation is also to be understood in the scope of the present invention. The
presented device comprises a substrate for binding at least one molecule on a first surface of
the substrate. The device further comprises an optical arrangement which is configured to
direct excitation light of at least a first excitation wavelength Agy; to the substrate to excite a
fluorescent label of a first nucleotide which is incorporated into the molecule that is bound on
the first surface of the substrate. The optical arrangement is further configured to receive and
detect fluorescent light emitted by the fluorescent label of the first nucleotide which is
incorporated into the bound molecule. The bound molecule might be a nucleic acid fragment
and can bc¢ undcrstood as the nuclcic acid whosc scquence of nuclcotides is determined by
the present invention and which can be DNA fragment, DNA, RNA, mRNA or any other
nucleic acid.

Furthermore, the optical arrangement is configured to direct cleavage light of a
cleavage wavelength Acr, preferably UV light, to the substrate to optically induce a
photochemical cleavage reaction at the first incorporated nucleotide to cleave a blocking
moiety and the fluorescent label away from the first incorporated nucleotide. Furthermore,
the substrate is configured to confine the excitation light and is configured to provide thus for
an evanescent wave of the excitation light at the first surface of the substrate. Furthermore,
the substrate is configured to confine the cleavage light, preferably UV light, and is further
configured to provide for an evanescent wave of cleavage light at the first surface of the
substrate. The device allows for ensemble based easy read out but no or a reduced number of
washing steps are required any more, meaning a single reagent filling for all reads.

Stepwise sequencing is achieved by using nucleotides with optically cleavable
blocking groups. After read-out, the built-in nucleotide is unblocked by cleavage light like
for example UV radiation through the same nano-photonic substrate. This ensures that only
bound nucleotides will be unblocked.

As it will be explained in detail in the following, the optical arrangement may
also be configured to direct to the substrate excitation light of a first, and a second, and a
third and a fourth excitation wavelength Apxi, Arxo, Apx3 and Apxq, €ach capable to excite a
different fluorescent label, wherein each different fluorescent label is bound to a specific
nucleotides, for example Adenine (A) and Guanine (G) and Thymine (T) or Uracil (U) and
Cytosine (C).

In other words, the wavelengths are chosen such that the used fluorescent

labels can be optically excited by the respected excitation light.
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In addition, the substrate provides for spots which may be covered with
clones of identical molecules, in order to increase the optical signal, which is received by
detecting the fluorescence. Therefore, a substrate may be provided as an array of such spots
with respectively different clones, such that throughput of sequencing is increased.

The evanescent wave of cleavage light and the evanescent wave of excitation
light can be generated by the substrate of the presented device by means of a wiregrid.

This may allow for using a focused beam of high intensity such that the photo-optical
reaction occurs at a high rate in a very limited area very close to the surface.

Furthcrmorc the substratc may be out of a polymer c¢.g. poly-(cyclo-)olcfin,
poly-carbonate, polyester or PMMA. Also metal and semiconductors may be used.

According to another exemplary embodiment of the invention, the device
further comprises the molecule which is bound to the first surface of the substrate. The device
further comprises a solution ("reagent fluid") with a plurality of nucleotides and an enzyme.
Therein, the nucleotides respectively comprise the blocking moiety. The blocking moiety is
configured to block a synthesizing activity of the enzyme when the respective moiety is
incorporated into the molecule bound to the first surface of the device.

As exemplary embodiments, the blocking moieties may be embodied as 3'-
blocked reversible terminator or as 3'-unblocked reversible terminator as described and
defined in “Sequencing technologies, the next generation’ by Michael L. Metzker, Nature
Review Genetics 11 (2010) 31-46.

The wiregrid may comprise a pattern of metal wires on, for example, a glass
substrate. The spacing between the wires acts as a metal-clad slab waveguide, in which the
major contribution comes to two fundamental modes. For example, a wiregrid may comprise
aluminium wires which reflect excitation light with polarization parallel to the wires (TE
polarization) and which transmit polarization orthogonal to the wires (TM polarization). For
TE polarized excitation light incident on the wiregrid the resulting mode in between the wires
is the evanescent mode, For example, with a wire height of 60 nanometres the TM polarized
mode is transmitted with a loss of light in the order of 10% or less, while the TE polarized
mode is evanescently decaying. The maximum transmission of TM polarized light may be
higher than 95%. The evanescent field in the case of incident TE excitation light is depicted
in both Figs. 3a and 3b of WO 2013/105025 A1l. The excitation light and the cleavage light
irradiated by the optical arrangement of the present invention may be of TE polarization in
this and every other embodiment of the present invention. Although aluminium has been

mentioned as the metal constituting the wiregrid, it is to be understood that any other material



10

15

20

25

30

WO 2016/046408 PCT/EP2015/072184
7

suitable for making a wiregrid is comprised within the scope of the present application, for
example gold. Moreover, the wiregrid may also be coated by other material or substances in
order to confer additional features to it, for example to make it more resistant to corrosion or
to increase its hydrophobicity/hydrophilicity.

The use of the wiregrid has the additional advantage of being largely
independent on the angle in incidence. Therefore, it can be used in combination with
focussed beams to achieve a high intensity locally while keeping the rest in the dark. In other
words, the wiregrid allows to excite and be sensitive to only those molecules, for example
DNA fragments, that arc very closc to the surface in the cvancscent ficld and thus no
detection or effect on any label nucleotide outside the evanescent field is caused. For
example, the evanescent field may elongate about 20 nanometres from the first surface of the
substrate. This may be the case for both the excitation light and the cleavage light.

The term "excitation light" in the context of the present invention applies to
the wavelength Apxi, Apxo, Apx3 and Apxa, respectively. Consequently, for all four excitation
wavelengths the substrate ensures that confinement and a creation of an evanescent wave of
the respective light are generated. If desired, more or less light sources and/or fluorescent
labels can be used without departing from the present invention.

Working principle of the enzyme and the blocking moiety has been already
described above. That disclosure applies within the herein described exemplary embodiment.
The presented embodiments allow for synchronizing incorporation of the next nucleotides
and ensure that the detected fluorescent signal is highly reliable.

The fact that the cleavage light is in an evanescent mode with respect to the
substrate provides for the advantage that a repeated exposure does not lead to fluorescent
labels in the solution which are bleached and which lose their function. In other words, the
presented embodiment avoids such a bleaching and function-losing of fluorescent labels in
solution.

Fig. 1 depicts an embodiment of a device 100 for optically controlling a
chemical reaction according to the invention, in this case particularly an iterative stepwise
reaction to determine a sequence of a nucleic acid by synthesis. The device comprises a
substrate 101 for binding at least one molecule 102 on the first surface 103 of the substrate.
The molecule 102 which is bound on the first or front surface 103 of the substrate 101 can for
example be a fragment of a DNA. The first surface 103 constitutes a wall or border of a

reaction chamber 149 in which a fluid to be processed (here a reagent fluid 114 that is
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described in more detail below) can be accommodated. The reaction chamber is typically a
part of a larger (micro) fluidic device or cartridge that is not shown in more detail.

Furthermore, the optical arrangement 104 is shown in Fig. 1. Fig. 1
schematically shows that the optical arrangement is configured to direct excitation light 110
of for example the first excitation wavelength Agx to the substrate. Furthermore, four
different nucleotides are schematically shown and are depicted with reference signs 109, 116,
117 and 118. For example, a first nucleotide 109 is shown as Thymine, T. The nucleotide 109
comprises a blocking moiety 119. Furthermore, the blocking moiety 119 comprises the first
fluorcscent label 105. In an analog way, sccond nuclcotide 116 is schematically depicted in
Fig. 1, from which can be gathered that also a blocking moiety 119 and the second
fluorescent label 106 is comprised. The third nucleotide 117 comprises also a blocking
moiety and a third fluorescent label 107. Additionally, the fourth nucleotide 118 is
schematically depicted which comprises also a blocking moiety and a fourth fluorescent label
108. However, solution 114 may comprise a much larger plurality of such nucleotides, and
nucleotides 109, 116, 117 and 118 are shown here merely as a symbolic depiction.

Furthermore, Fig. 1 shows a solution 114 which fills the reaction chamber 149
and in which the nucleotides and the enzyme 115 are comprised. In case one of the shown
four nucleotides is incorporated in the bound molecule 102, the presented device 100
provides for the following advantages. The optical arrangement is configured to receive and
detect fluorescence light emitted by the fluorescent label of the first nucleotide incorporated
into the bound molecule 102.

As can further be gathered from Fig. 1, the optical arrangement is configured
to direct cleavage light 112 of cleavage wavelength Acr to the substrate. This allows for
optically inducing a photochemical cleavage reaction at the first incorporated nucleotide to
cleave the respective fluorescence label from the first incorporated nucleotide. Furthermore,
the substrate 101 is configured to confine excitation light such that an evanescent wave of the
excitation light at the first surface of the substrate is created. Moreover, the substrate is
configured to confine also the cleavage light such that an evanescent wave of the cleavage
light at the first surface of the substrate is created.

In the embodiment of Fig. 1, the substrate 101 is configured as a wiregrid 130
for the excitation light 110 and for the cleavage light 112. Therefore, the wiregrid 130
comprises a regular pattern, like for example a regular structure made of a plurality of metal

wires 131. As can be gathered from Fig. 1, slit-like openings are provided between the wires
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131, in which openings the bound molecules 102 are immobilized at the first surface 103 of
the substrate 101.

Furthermore, Fig. 1 depicts a processing unit 120 which comprises a
computer-readable medium 121 on which a computer program element 122 is stored. Said
program element 122 is adapted to instruct the processing unit 120 to further instruct the
device 100 to perform the above and below described method for optically controlling an
iterative stepwise reaction to determine a sequence of a nucleic acid by synthesis. The device
100 of Fig. 1 is configured to stepwise and optically induce the incorporation of nucleotides
109, 116, 117, 119 with a scquence, which corrcsponds to the scquence of nuclcotides of the
bound molecule 102. In case the molecule 102 is a DNA fragment, the nucleotides comprised
by the solution 114 are incorporated into molecule 102 in a sequence that corresponds to the
nucleotide sequence of molecule 102.

The device is further configured to base the determination of the sequence of
the incorporated nucleotides on the received and detected response fluorescence light emitted
by the fluorescent label of the respective incorporated nucleotide. Therefore, the presented
device 100 of Fig. 1 firstly ensures that only nucleotides are read-out by the excitation light
110, which nucleotides are incorporated into a bound molecule 102 by the use of an
evanescent wave of the excitation light. Secondly, the device 100 of Fig. 1 ensures that only
bound nucleotides will be unblocked by the cleavage light which avoids a bleaching and loss
of function of nucleotides that are not yet contained i.e. incorporated by the molecule 102.
Consequently, the detected fluorescence signal 100 may be seen as the light 111, is highly
reliable for the determination of the sequence of the nucleic acids.

Consequently, the cost and speed of the nucleic acid sequencing, like for
example the DNA sequencing performed with the device 100 of Fig. | are both improved.
Less reagents and enzymes are necessary as no washing step is needed. The device of Fig. 1
shows a simplification and cost reduction of sequencing. The presented device 100 of Fig. 1
allows for a new process combination by allowing an assemble-based easy read-out without
any washing step, meaning a single reagent filling for all reads. The blocking moieties used
within the exemplary nucleotides 109, 116, 117, 118 may for example be a photo-cleavable
3'-unblocked reversible terminator. However, also other blocking moieties, using for example
steric hindering, may be used to reach the desired and above described effects.

Furthermore, the optical arrangement 104 as shown in Fig. 1 may be
configured to provide the irradiated cleavage light with an intensity such that the cleaving

reaction time tijeavage 15 Smaller than the time it takes to incorporate the second nucleotide into
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the molecule 102. As the cleaving reaction time ticavage depends on the intensity of the
irradiated cleavage light, Fig. 1 may provide for a selected combination of nucleotides with a
specific blocking moiety and a configuration of the optical arrangement regarding the
intensity of the cleavage light. In other words, the intensity of the cleavage light of the device
of Fig.1 is adapted such that for the used combination of nucleotides and blocking moieties
the cleaving reaction time teicavage 15 Smaller than tiscorporation-

If desired, additionally or alternatively, the following set-up of device 100 may
be provided to the user. If the reagent fluid is stationary and movement of molecules driven
by diffusion, then the residence may be scen as an average residence time in the spot of
cleavage light of a non-incorporated nucleotide. An optical arrangement may further be
configured to provide the irradiated cleavage light with an intensity such that tejcavage 18
smaller than tresigence- Consequently, no degradation of free and unbound nucleotides due to an
undesired cleavage reaction happens. Thus, by configuring the device such that tcieavage 1S
smaller than tresidence the probability that a non-incorporated nucleotide is affected by cleaving
is reduced or eliminated. In other words, to avoid cleavage reactions in the bulk the average
residence time of the molecules in the evanescent field of the wiregrid should be smaller or
much smaller than the reaction time required for cleavage at the pertinent intensity. With a
depth of the evanescent field of the order of 25 nm or less and a diffusion coefficient of the
nucleotide of the order of 1x10™'° m*/s the time it takes for the molecule to diffuse in and out
the evanescent field can be estimated as: (5x10° m)?/ 1x10™'° = 25 us. Depending on the
illumination time required for unblocking the bound molecules the probability of damage can
be derived. Assume an illumination time of 0.1 s this would be 1:4000, with an illumination
time of 10 ms it would be 1:400, etc.

Likewise the total damage is proportional to the volume fraction in the
evanescent field over the total volume of reagent solution. With a chamber height of 100 um
the ratio is 1:4000. This means that in the worst case of damaging all molecules in the
evanescent field only 0.025% of the molecules will be damaged. With a read length of 100
finally 2.5 % of the molecules in solution would be damaged (worst case) which is still
acceptable from a sequencing point of view.

In the following, information for using the device of Fig. 1 (and Fig. 2) is
provided.

For an improved synchronization the unblocking step should be carried out as
fast as possible, i.e. with the highest intensity possible. This can be achieved by focusing the

cleavage light, preferably the UV light with a lens and scanning the surface by moving the
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lens or the substrate. The unblocking step is carried out after reading the sequencing step.
This reading can be carried out by scanning a focused beam or step-and-scan with field
illumination. It may also be possible to embody cleavage light as a single flash of, for
example, UV light for the total surface. In view of the reaction rate for the base incorporation
for the sequencing reaction, the local cleavage light illumination time should be, for example,
below 1 minute. In a preferred embodiment the read scanning can be coupled to the
unblocking scanning by integrating both light beams in a single actuator, possibly even in a
single lens by aligning the light beams. Alternatively, two lenses can be integrated in a single
stagc or two scparatc stagces can opcratc synchronously. This can also be implemented in the
step and scan read approach, in which the UV-step is also carried out in a step and scan mode
by illuminating the same ficld as the reader. The preferred embodiment will depend on the
available UV light source and its power. One can also envision a single flash of UV for the
total surface if enough power is available and/or the area of the sequencing surface is limited.
In view of the reaction rate for the base incorporation for the sequencing reaction the local
UV illumination time should be well below 1 minute.

A single fluid sequencing using a wiregrid as well as single molecule
sequencing has been described above. The approaches may use so called 3'-unblocked
reversible terminators in which a flash of UV light is needed to de-block the nucleotide so
that the next labeled nucleotide with a fluorophore attached can be incorporated by the
polymerase. Reading out the color of the incorporated nucleotide allows the base
incorporated to be determined and hence sequencing to be done.

In the described procedures high intensity UV light is needed. Typical
intensity values range from about 4 mW/cm? to about 1 W/cm”. This corresponds to a
considerable amount of energy that may cause heating in the wiregrid and the buffers
containing the reagents.

In order to improve the system performance and avoid overheating of the
wiregrid 130 and of the solution 114 and even of the substrate 101, it is proposed to thermally
couple the wiregrid to a heat conductive element, for example a metallic element with a high
thermal capacity; this will produce a cooling effect by dispersing the heat away from the
reaction chamber and helping to avoid local overheating.

The aforementioned proposal is realized in the device 100 of Fig. 1 by a heat
conductive element 132. In the illustrated embodiment, wiregrid 130 is coupled to at least
one heat conductive element 132, wherein said heat conductive element 132 is in physical

contact with at least one of the metal wires 131, more preferably with a plurality or even all
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wires 131. Although heat conductive element 132 is depicted in Fig. 1 as being in contact
with the lower portion of two wires 131, it is understood that heat conductive element 132
can also contact wiregrid 130 in any other position, for example on the top of it, and it can be
in contact with any number of wires. Heat conductive element 132 can be a single metallic
bar, but it can also comprise two or more metallic and/or non-metallic elements attached to
different sides of wiregrid 130, and it can have any shape.

Heat conductive element 132 acts as a heat sink, attracting the heat away from
the wires 131, thanks to the high thermal capacity, in turn lowering the temperature of the
wircgrid 130 and hence of the solution 114 and of the rcaction chamber 149. Molccules 102
are always surrounded by the chemicals they need while excess heat, particularly heat
generated by cleavage light, is carried away from the surface to avoid overheating.

Accordingly a sequencing system is provided in which sequencing is done
using a wiregrid connected to a heat sink to avoid overheating the system while de-blocking
using UV light.

Fig. 2 shows a device 200 which is configured to optically control an iterative
stepwise reaction to determine a sequence of a nucleic acid by synthesis. Similar to Fig. 1, a
substrate 201 is shown on which a plurality of molecules 202 are immobilized, i.e. are bound.
As can be seen from Fig. 2, the metallic wires 231 of a wiregrid 230 similar to that of Fig. 1
provides for slit-like openings 215 in which the molecules 202 are bound on the first surface
203. The substrate comprises several adjacent binding positions 209, 210, 211 and 212 for
binding molecules to the first surface along a first direction 213. Said binding positions may
be seen as spots which can be covered with clones of identical molecules, such that the
optical signal, which is generated, can be increased. The substrate 201 then provides for an
array of such spots, i.e. of such binding positions, with respectively different clones. This
may enhance the throughput. Both devices 100 and 200 of Figs. 1 and 2 allow a nucleic acid
sequencing with only one liquid, thereby avoiding the need to provide for washing steps in
which the solution liquid is changed.

Furthermore, the optical arrangement 204 comprises five different light
sources 201 to 205. The light sources 201 to 204 may be seen as excitation light sources in
order to provide for four different excitation wavelength Apx; to Apxs as described previously.
The light source 205 provides for cleavage light with a wavelength Acr. For example, the
light source 205 may emit UV light. Reference numeral 206 symbolically depicts a switching
device which allows the optical arrangement 204 to switch between the five wavelengths Agy

to Apxa and Acp. Furthermore, the light emitted by at least one of said light sources 201 to 205
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is directed towards the polarization filter 200. Furthermore, a dichroic mirror 207 is shown
which transmits the emitted light of the light sources 201 to 205 towards the substrate 201.
After a fluorescent label has been excited by an evanescent wave of excitation light (at least
one of the wavelengths Apy; to Apga), the fluorescence photons emitted by the fluorescent label
or labels are directed towards the dichroic mirror 207 and are directed towards fluorescence
detector 208. As can be seen from Fig. 2, the optical arrangement 204 may be scanned along
the direction 213. Consequently, the device 200 of Fig. 2 is configured to perform an optical
scan by moving the substrate 201 and the optical arrangement 204 relative to each other
along thc first dircction 213. Conscquently, the device allows to perform the optical scan
such that each binding position is firstly irradiated with the excitation light and subsequently
and secondly is irradiated the cleavage light of the cleavage wavelength in a movement along
the first direction 213. The unblocking step, using the cleavage light, can thus be carried out
after reading the fluorescence of the excited incorporated nucleotides.

Fig. 2 further shows a heat conductive element 232 as described above with
respect to Fig. 1 which allows for a dispersion of excess heat generated by the UV light.

Fig. 3 schematically shows a top view close-up of substrate 301, wherein
wiregrid 330 is coupled to a heat conductive element 332. Element 332 comprises in turn a
first bar 332a and a second bar 332b, attached parallel to cach other to opposite sides of wires
331. In this figure, each of the metal wires 331 is in contact with both bar 332a and bar 332D,
so that the heat sink function of heat conductive element 332 is doubled. However, it is to be
understood that heat conductive element 332 can have any shape or size, and it can be
coupled to wiregrid 330 in any position and with any configuration which are possible to
imagine.

In another embodiment, the heat conductive element is capable of actively
controlling the temperature of the wiregrid.

Fig. 4 schematically shows a top view of a close-up of substrate 401 according
to the latter embodiment. In this Figure 4 substrate 401 is shown as comprised within reaction
chamber 449, containing reagent fluid 414, similarly to the previous embodiments. A
temperature detector 437 measures the temperature of the reaction chamber 449.
Alternatively or additionally, temperature detector 437 can also measure the temperature of
reagent fluid 414, and/or of substrate 401. Temperature detector 437 is coupled to processing
unit 438, which in turn is connected to temperature control unit 436. Processing unit 438 can
correspond to processing unit 120 of Fig. 1, but it can also be an independent processing unit,

or it can be integrated in temperature control unit (436). Bars 432a and 432b are each
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connected to temperature control unit 436, such as a Peltier element. According to this
embodiment, it is possible not only to disperse the excess heat generated by the UV light, but
to maintain a constant temperature in the wiregrid 430, and hence in the reaction chamber
449. 1t is possible to set processing unit 438 so that it maintain a predetermined temperature;
based on the temperature detected and communicated to the processing unit 438 by
temperature detector 437, processing unit 438 can control temperature control unit 436 so
that it will either heat or cool substrate 401 through bars 432a and 432b until the temperature
in the reaction chamber 449 corresponds to the desired temperature. It is thus possible to set
tempcraturc control unit 436 so that the scquencing rcaction can be optimized and madce more
efficient; for example, the temperature of the reaction chamber 449 can be set at different
amount depending on the specific protocol used.

In one embodiment, heat conductive element 132 can be part of the removable
cartridge that also comprises substrate 101 and wiregrid 130. According to this embodiment,
device 100 is designed in a way that when said cartridge is inserted into device 100, heat
conductive element 132 is in physical contact with the other features it interact with, for
example temperature control unit (436).

Alternatively, in another embodiment, heat conductive element 132 is
integrated into device 100. According to this embodiment, device 100 is designed so that heat
conductive element 132 will be in physical contact with wiregrid 130, once the removable
cartridge is inserted into device 100.

Further details and other exemplary devices and methods may be found in the
WO 2013/105025 A1 which is entirely incorporated into the present text by reference.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality. A
single processor or other unit may fulfill the functions of several items recited in the claims.
The mere fact that certain measures are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium, such as an optical storage medium

or a solid-state medium supplied together with or as part of other hardware, but may also be
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distributed in other forms, such as via the Internet or other wired or wireless
telecommunication systems. Any reference signs in the claims should not be construed as

limiting the scope.
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CLAIMS:

1. A device (100) for enabling an optically controlled chemical reaction in a
reaction chamber (149) comprising a reagent fluid (114), said device comprising:

- a removable cartridge comprising a substrate (101) for binding at least one
molecule (102) on a first surface (103) of the substrate;

- an optical arrangement (104) configured to direct cleavage light (112) to the
substrate to optically induce a photochemical cleavage reaction;

wherein the substrate further comprises a wiregrid (130),

and wherein the wiregrid (130) is further thermally coupled to a heat conductive element
(132).

2. The device (100) according to claim 1,
wherein the heat conductive element (132) is capable of actively cooling and/or heating the

substrate

3. The device (100) according to claim 1,
wherein the heat conductive element (132) is further connected to a temperature control unit

(436)

4. The device (100) according to claim 1,

wherein the heat conductive element (132) is part of the cartridge

5. The device (100) according to claim 1,

wherein the device further comprises a temperature detector (437) for detecting the
temperature of the reaction chamber (449)/reagent fluid (414)and wherein the temperature
control unit (436) is arranged to regulate the temperature within the reaction chamber

(449)/reagent fluid (414) in dependence on the detected temperature.

6. The device (100) according to claim 1,
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wherein the optical arrangement is configured to direct excitation light (110) of at least a first
excitation wavelength Apx; to the substrate to excite a fluorescent label (105, 106, 107, 108)
of a first nucleotide (109, 116, 117, 118) incorporated into the molecule (102) bound on the
first surface (103) of the substrate,

wherein the optical arrangement is further configured to receive and detect fluorescent

light (111) emitted by the fluorescent label of the first nucleotide incorporated into the bound
molecule (102).

7. The device (100) according to claim 1 or 2,

wherein the substrate (101) is configured to confine the excitation light (110) and is
configured to provide for an evanescent wave of the excitation light at the first surface (103)
of the substrate, and/or

wherein the substrate is configured to confine the cleavage light (112) and is configured to

provide for an evanescent wave of cleavage light at the first surface of the substrate.

8. The device (100) according to claim 1,

wherein the heat conductive element (132) is coupled to at least one wire of wiregrid (130)

9. The device (100) according to claim 1,

wherein the heat conductive element (132) is a metallic rod.

10. A method for optically controlling a chemical reaction in a reaction

chamber (149) comprising a reagent fluid (114), said method comprising the following steps:
- providing a substrate (101) with a molecule (102) bound on a first

surface (103) of the substrate , wherein said first surface is a wall of the reaction

chamber (149),

- irradiating the substrate with cleavage light (112) of a cleavage wavelength
Acr, preferably UV light, by an optical arrangement and thereby optically inducing a
photochemical cleaving reaction,

- thermally coupling the substrate to a heat conductive element

11. The method according to claim 9, further comprising the steps:
- irradiating the substrate (101) with excitation light (110) of at least a first

excitation wavelength Agy; by an optical arrangement and thereby optically exciting a
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fluorescent label of a first nucleotide which is incorporated in the bound molecule on the
substrate,

- confining the excitation light by the substrate thereby providing for an
evanescent wave of the excitation light by the substrate at the first surface of the substrate,
- receiving and detecting fluorescence of the excited fluorescent label of the first
incorporated nucleotide by the optical arrangement,

- irradiating the substrate with the cleavage light and thereby optically inducing
a photochemical cleaving reaction at the first incorporated nucleotide, and

- confining the clcavage light of the clcavage wavclength Acr. by the substrate
thereby providing for an evanescent wave of the cleavage light by the substrate at the first

surface of the substrate.

12. The method according to claim 9,
wherein the substrate is actively cooled and/or heated by means of the heat conductive

element (132)

13. The method according to claim 9,
wherein the heat conductive element (132) is further connected to a temperature control unit

(436)

14. The method according to claim 9,
wherein the temperature of reaction chamber (449) is determined by temperature detector
(437), and wherein said temperature of reaction chamber (449) is controlled by temperature

control unit (436) in dependence on the determined temperature.

15. The method according to claim 9,

wherein the used heat conductive element (132) is part of the cartridge
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