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DESCRIPTION

[0001] This Invention relates to improvements In or relating to a device for labelling a
component and In particular, a device for fluorescent labelling a biological or chemical
component. The invention also relates to a method for fluorescent labelling a component In a
mixture.

[0002] The use of fluorescent molecules In biological research Is popular due to their
versatility, sensitivity and quantitative capabilities. Fluorescent molecules, also called
fluorophores, are able to respond absorb incident light and emit light at a specific wavelength
different from the absorption wavelength, thereby allowing sensitive detection of the presence
of the fluorophore.

[0003] In order to detect biological and/or chemical components, these components are
typically labelled with fluorescent dyes. In one example, reacting biological components with a
mixture comprising aromatic dialdehydes such as ortho-phthaldialdehyde (OPA) dye, and a
reducing agent such as pB-mercaptoethanol (BME), can fluorescently label the components.
The use of OPA as a labelling agent is well established and was first reported in the early
1970's. OPA dyes are often used for assaying amino groups of biological molecules. More
specifically, OPA yields fluorescently labelled biomolecules by reacting with primary amine
groups of protein or peptide fragments in the presence of thiols in solution.

[0004] OPA/BME labelling reactions occur at high pH however, atmospheric oxygen has been
known to cause BME to oxidise rapidly and the rate of BME oxidation is elevated at high pH. As

a consequence, the functional life of the reactive dye Is limited. Therefore, labelling
experiments using OPA/BME mixture can only be performed over a short period of time I.e.
approximately a week. lzquierdo et al., FRESENIUS JOURNAL OF ANALYTICAL CHEMISTRY,
vol. 336, no. 6, 1990, pages 490-493 disclose a method of fluorescent labelling a component In
a mixture by reacting it with OPA/BME In a flow system. After in-situ formation of the labelling
reagent, it Is reacted with the compound In a sample by combining it in the ducts of a flow
system. OPA and BME are kept in boric acid buffer at pH 9.5.

[0005] The short life-span of OPA/BME mixture can be problematic for labelling experiments
that are performed in a remote location, such as a user operated device which may not be
operated immediately. Likewise, the provision of a reactive OPA dye solution that does not
require the user to manually add BME shortly prior to use is impractical.

[0006] It Is against this background that the invention has arisen.

[0007] According to the present invention there Is provided, a method for fluorescent labelling
a component in a mixture, the method comprising the steps of

1. a) providing a strongly buffered alkaline solution of aromatic ortho-dialdehyde dye In a
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first reservolr;

2. b) providing, In a second reservoir, a weakly buffered acidic solution in the presence of
thiols In solution provided by a reducing agent and further comprising an antioxidant
additive configured to stabilise the reducing agent;

3. ¢) providing a component In a fluid pathway, wherein the fluid pathway is connected to
the first and second reservoirs by a network of connection channels;

4. d) flowing the alkaline solution and the acidic solution through the network of connection
channels to combine with the component in order to label the component by reacting the
component with the aromatic ortho-dialdehyde dye and the reducing agent.

[0008] Storing the aromatic ortho-dialdehyde dye and the reducing agent In separate
reservoirs allows for experimental conditions to be optimised In each reservoir prior to mixing
the aromatic ortho-dialdehyde dye and the reducing agent together. For example, the strongly
buffered alkaline solution In the first reservoir is provided at a high pH, which iIs suitable for a
labelling reaction.

[0009] In contrast, the weakly buffered acidic solution in the second reservoir i1s optimised to
be at a low pH, which reduces the rate of oxidation of the reducing agent caused by
atmospheric air.

[0010] In some embodiments, step (d) may comprise combining the alkaline solution and the
acidic solution and subsequently reacting the component with the alkaline solution and the
acidic solution.

[0011] In other embodiments, step (d) may comprise combining the alkaline solution with the
component and subsequently introducing the acidic solution.

[0012] In some embodiments, step (d) may comprise combining the acidic solution with the
component and subsequently introducing the alkaline solution.

[0013] The strongly buffered alkaline solution and the weakly buffered acidic solution may be
combined together to provide an overall pH of an alkaline solution. The overall pH of an
alkaline solution may provide suitable conditions for the fluorescent labelling of a component.

[0014] In some embodiments, the acidic solution may increase the functional life of the
reducing agent by up to 50 to 100 days, or it may exceed 40, 60, 80 or 100 days.

[0015] In some embodiments, the acidic solution may Iincrease the functional life of the
reducing agent by less than 100, 80, 60 or 40 days. Preferably, the acidic solution increases

the functional life of the reducing agent by around 75 days.

[0016] The method disclosed by the present invention may further comprise providing an anti-
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oxidant additive, which 1s configured to stabilise the reducing agent. The addition of the anti-
oxidant additive can increase the functional life of the reducing agent by around 500 to 1000
days, or it may increase the functional life of the reducing agent by 200, 300, 400, 500, 600, or
800 days. In some embodiments, the additive may increase the functional life of the reducing
agent by less than 1000, 800, 600, 400, 200 or 100 days. Preferably, the addition of the
antioxidant additive increases the functional life of the reducing agent by around 500 days.

[0017] In some embodiments, the acidic solution may have a pH range of between 1 to 7, 2 to
6,31t06,41to6 ordto6. Preferably, the pH range of the acidic solution is 2 to 6.

[0018] In some embodiments, the alkaline solution may have a pH range of between 7 to 14, 8
to 14, 9to 14, 10 to 14, 11 to 14, 12 to 14, or 13 to 14. Preferably, the pH range of the alkaline
solution is 8 to 14.

[0019] The component may be a biological or chemical component. For example, the
biological or chemical component can be a peptide, a protein or a nucleic acid. In some
embodiments, the component may be an amine group of a protein or a peptide.

[0020] In some embodiments, the aromatic ortho-dialdehyde dye Is ortho-phthaldialdehyde
(OPA) dye. OPA dyes are sensitive fluorescent dyes, which can be used for assaying amine
groups In solution, notably in peptide fragments, proteins and amino acids.

[0021] In some embodiments, the reducing agent may be -mercaptoethanol (BME). BME can
be used to react with OPA efficiently.

[0022] The additive may be selected from ascorbate, isoacorbate, lactate, or a lactate salt.
Preferably, the additive is a lactate salt.

According to another aspect of the invention there is provided, a device for fluorescent labelling
a component, the device comprising,

1. a) a first user-replaceable reservoir comprising a strongly buffered alkaline solution of
aromatic ortho-dialdehyde dye,

2. b) a second user-replaceable reservoir comprising a weakly buffered acidic solution In
the presence of thiols in solution provided by a reducing agent and further comprising an
antioxidant additive configured to stabilise the reducing agent,

3. ¢) one or more fluid pathways comprising the component, and

4. d) a network of connection channels linking the reservoirs and the fluid pathway to
enable the alkaline solution and the acidic solution to combine with the component In
order to label the component by reacting the component with the alkaline solution and
the acidic solution.

[0023] The network of connection channels may be configured to combine the alkaline solution
and the acidic solution before combining the resulting mixture with the component.
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[0024] In some embodiments, the network of connection channels may be configured to
combine the alkaline solution with the component before combining the resulting mixture with
the acidic solution.

[0025] In other embodiments, the network of connection channels may be configured to
combine the acidic solution with the component before combining the resulting mixture with the
alkaline solution.

[0026] The second reservoir may further comprise an antioxidant additive configured to
stabilise the reducing agent.

[0027] In some embodiments, the second reservoir may be gas impermeable. In some
embodiments, the first reservoir may be light impermeable. The gas and light impermeable
reservoirs provided may be advantageous as it can improve the storage life of the reagent.

[0028] The network of connection channels may be provided with one or more one way valves,
which may be used to prevent reverse flow of the alkaline solution and/or the acidic solution.

[0029] In some embodiments, the downstream hydrodynamic resistance of each connection
channel may be substantially equal so that the flow rates of the solutions from the first and
second reservoirs Iinto the fluid pathways are substantially equal.

[0030] In some embodiments, the downstream hydrodynamic resistance of each connection
channel may be substantially different so that the flow rates of the solutions from the first and
second reservoirs Into the fluid pathways are substantially different.

[0031] Preferably, the fluid pathways are provided on a microfluidic device.

[0032] The invention will now be further and more particularly described, by way of example
only, and with reference to the accompanying drawings, in which:

Figure 1a provides an overview of a device according to the present invention,
Figure 1b illustrates a further embodiment of the device according to Figure 1a,
Figure 2 shows the functional activity of BME under acidic conditions,

Figure 3 provides data showing the effects of BME oxidation, and

Figure 4 showing the inhibition of BME oxidation by an antioxidant additive.

[0033] Referring to Figure 1a and 1b there is provided a device 10 for fluorescent labelling a
component. The device 10 comprises a first reservoir 12 comprising a strongly buffered
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alkaline solution of aromatic ortho-dialdehyde dye such as OPA, and a second reservoir 14
comprising a weakly buffered acidic solution of a reducing agent for example, BME. The first
and second reservoirs may form a reagent cartridge that may be coupled to the connection
channels by a user.

[0034] Strongly buffered alkaline solution may be prepared at a concentration of between 100
mM to 1000 mM. Additionally, the weakly buffered acidic solution can be prepared at a
concentration of between 0.5 mM to 50 mM. The aromatic ortho-dialdehyde dye may be
prepared at a concentration between 0.5 mM to 20 mM. Moreover, the reducing agent may be
prepared at a concentration of 1 to 50 mM.

[0035] Referring to Figures 1a and 1b, the reservoirs provide an impermeable barrier. The first
reservoir I1Is Impermeable to light and the second reservoir iIs impermeable to gas, which may
help increase the storage or shelf- life of the reagents within the reservoirs. The reservoirs
prevent the acidic solution mixing with the alkaline solution prior to use. The reservoirs are
made with aluminised film, such as a foil-lined coating/pouch or other barrier layers.

[0036] An antioxidant additive I1s added into the second reservoir which stabilises the BME by
around 500 to 1000 days. The concentration of the antioxidant additives added to the reservoir
ranges from 0.5 mM to 100 mM. The antioxidant additive can be a lactate salt such as a
potassium lactate or a sodium lactate.

[0037] The device further comprises one or more fluid pathways 16, which iIs configured to
comprise a component such as a biological or chemical component. The biological or chemical
component can be a protein, peptide or nucleic acid. One or more fluid pathways may be
provided on a fluidic device such as a microfluidic device.

[0038] As illustrated in Figures 1a and 1b, a network of connection channels 18 is provided by
the device 10. The network of connection channels 18 is configured to allow the combination of
the acidic solution, the alkaline solution and the component. Referring to Figures 1a and 1b,
the network of connection channels 18 is configured to link the first reservoir 12, the second
reservoir 14 and the fluid pathway 16 together in order to enable the alkaline solution, the
acidic solution and the component to combine.

[0039] The network of connection channels may be used to combine the flow of the alkaline
solution and the flow of the acidic solution before combining the resulting mixture with the
component. Alternatively, the network of connection channels may be used to combine the flow
of the alkaline solution with the component before combining the resulting mixture with the flow
of the acidic solution. Alternatively, the network of connection channels may be configured to
combine the flow of the acidic solution with the component before combining the resulting
mixture with the flow of the alkaline solution.

[0040] The strongly buffered alkaline solution In the first reservoir 12 and the weakly buffered
acidic solution in the second reservoir 14 is combined together to provide an overall pH of an
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alkaline solution. The high pH of the combined solution can provide suitable conditions for
effective fluorescent labelling of the component.

[0041] The labelling of the component occurs by reacting the component with the alkaline
solution and the acidic solution. More specifically, the labelling of the component occurs by
reacting the component with the aromatic ortho-dialdehyde dye and the reducing agent. For
example, the combination of OPA and BME can be used to fluorescently label the amine group
of a biological molecule such as a peptide or protein. More explicitly, the combination of OPA
and BME can be used to fluorescently label the amine group of a lysine residue and/or the N-
terminal amine of a peptide chain.

[0042] As illustrated In Figures 1a and 1b, the network of connection channels 18 is provided
with one or more one way valves 20, which are configured to prevent the reverse flow of the
alkaline solution and/or the acidic solution. For example, the one way valves can prevent the
flow of the alkaline and/or the acidic solution from the connection channels, the fluid pathways
or both, into the first and second reservoirs.

[0043] The hydrodynamic resistances of each connection channel are dictated by the
geometry of the connection channel, such as the cross sectional area of the channel, the
length of the channel, and the surface roughness of the channel.

[0044] The downstream hydrodynamic resistance of each connection channel may be
substantially equal so that the flow rates of the solutions from the first and second reservoirs
Into the fluid pathways are substantially equal. This may provide a continuous flow of the
solutions from the first and second reservoirs Into the fluid pathways. Alternatively, the
downstream hydrodynamic resistance of each connection channel may be substantially
different so that the flow rates of the solutions from the first and second reservoirs into the fluid
pathways are substantially different.

[0045] Referring to Figure 2, there i1s data showing the function of BME at different levels of
acidity in the OPA labelling reaction. The experiment as shown In Figure 2 investigated the
effect of reducing the pH of the BME solution on the long term storage life of BME. A series of
BME solutions (12 mM In water) may be prepared and these solutions may be acidified with
varying concentrations of added acetic acid, from 0.1 M to 1 uM, covering a pH range from ~2
to ~6.

[0046] Two control samples may also be set up consisting of no added acid (ie water only. The
solutions can be stored In non-gas tight microtubes In the dark and tested for function
periodically over five months by testing the fluorescence yield when reacted with bovine serum
albumin (BSA, 330 nM) and OPA. The results iIn Figure 2 illustrates that the acidiflied BME
solution provides a consistent reaction up to about 75 days, after which it becomes more
erratic with a generally decreasing trend in functional activity. It was also found, although not
llustrated in the accompanying figures, that the reagent high pH BME remains active for about
seven days depending on the exact conditions.
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[0047] Referring to Figure 3, the data shows the effects of BME oxidation on the function of a
fluorescent dye. The experiment Iillustrated Iin Figure 3 Investigated the effect of known
degrees of BME oxidation on the function of the OPA dye. A series of BME solutions can be
made up by combining fresh BME with 2-hydroxyethyl disulfide (HED) in varying proportions to
produce a series of BME solutions with known degrees of oxidation. The function of these
solutions may then be determined by labelling bovine serum albumin (BSA, 330 nM, 50 ul)
with the BME test solutions (25 uL) and OPA (3 mM, 25 ul) and measuring the fluorescence of
the product

[0048] The data in Figure 3 shows BME oxidation of up to about 80% Is tolerated before the
fluorescent dye performance decreases significantly. In some instances, the performance of
the fluorescent dye may also be sensitive to the concentration of the amine being labelled. A
subsequent experiment (not illustrated in the drawings) using more concentrated BSA (4 uM)
Indicated similar results, with 75% oxidised BME giving the same level of fluorescence as 0%
oxidised BME. The next higher level of oxidation tested, at 90%, showed a significant drop-off
In fluorescence

[0049] Referring to Table 1 there i1s shown experimental data that demonstrates the rate of
BME oxidation In the presence of an antioxidant additive. A series of antioxidants (5 and 50
mM) can be mixed with the BME and tested for compatibility with the OPA labelling reaction
Reactions consisted of 50 uL of sample (protein, bovine serum albumin (BSA), or small amine
N-acetyllysine (NAK)), 25 uL OPA solution and 25 uL BME solution

[0050] An antioxidant can be selected on the basis that it does not significantly change the
measured fluorescence against a test sample, which may be defined as less than 10%
variation; and/or it does not measurably slow the reaction, which can be defined as no delay In
reaching maximum fluorescence when performing manual measurements on a plate reader,
where the first reading Is taken at about 15 seconds after mixing

Amine  Antioxidant Conc (mM) Max Time to Fluorescence Fluorescence
Fluorescence max at t=0 sec at t=120 sec
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[0051] The ability of the antioxidants that have been found to be compatible with the OPA/BME
dye reaction to prevent the oxidation of BME under the required conditions can be analysed by
nuclear magnetic resonance (NMR) spectrometry. Samples of BME may be prepared in 10 uM
AcOH/D20O (5 uL in 10 uL D20) or at a higher concentration for NMR analysis. Samples of
BME can be prepared comprising different anti-oxidant additives for example; ascorbate,
Isoascorbate, and lactate may be prepared at 5 mM and 50 mM concentrations. The samples
may be stored in glass NMR tubes that are capped with tight fitting (but not gas-impermeable)
plastic caps. Alternatively, the samples can be stored in a shigemi tubes, 3mm, Smm or 10 mm
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NMR tubes. Samples may then be placed into an NMR instrument for measurement to

produce NMR spectra, such as a 1D, 2D or 3D spectra. The experiments may be performed
on a 400, 600 or 800 MHz NMR Instrument.

[0052] As illustrated In Figure 4, lactate shows the greatest inhibition of BME oxidation followed
by Isoascorbate, whereas ascorbate shows the least inhibition of oxidation. The lower
concentration of anti-oxidant (5 mM) shows better performance than the higher concentration
(50 mM) In all cases.

[0053] It will further be appreciated by those skilled in the art that although the invention has
been described by way of example with reference to several embodiments, it is not limited to
the disclosed embodiments and that alternative embodiments could be constructed without
departing from the scope of the invention as defined in the appended claims.
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PATENTKRAY

1. Fremgangsmade til fluorescerende markning af en bestanddel 1 en blanding, hvilken
fremgangsmade omfatter folgende trin

a) tilvejebringelse at en kraftigt bufferet alkalisk oplesning at aromatisk ortho-
dialdehydfarvestof 1 et forste reservoir;

b) tilvejebringelse, 1 et andet reservoir, af en svagt bufferet sur oplesning 1
tilstedevarelse af thioler 1 oplgsning, der tilvejebragt ved hjalp af et reduktionsmiddel, og som
endvidere omfatter et antioxidantadditiv, der er udformet til at stabilisere reduktionsmidlet;

C) tilvejebringelse af en bestanddel 1 en fluidpassage, hvor fluidpassagen er
forbundet med det forste og andet reservoir ved hjalp af et netvark af forbindelseskanaler;

d) stromning af den alkaliske oplesning og den sure oplesning gennem netvarket af
forbindelseskanaler for at blive kombineret med bestanddelen for at marke bestanddelen ved

omsatning af bestanddelen med det aromatiske ortho-dialdehydfarvestof og reduktionsmidlet.

2. Fremgangsmade i1felge krav 1, hvor trin (d) omfatter kombinering af den alkaliske
oplasning og den sure oplesning og efterfolgende omsatning af bestanddelen med den alkaliske

oplgsning og den sure oplgsning.

3. Fremgangsmade 1felge krav 1, hvor trin (d) omfatter kombinering af den alkaliske

oplasning med bestanddelen og efterfelgende introduktion af den sure oplgsning.

4. Fremgangsmade 1falge krav 1, hvor trin (d) omfatter kombinering af den sure oplesning

med bestanddelen og efterfalgende introduktion af den alkaliske oplgsning.

5. Fremgangsmade ifelge krav 1, hvor bestanddelen er et peptid, et protein eller en

nukleinsyre eller en amingruppe af et protein eller et peptid.

0. Fremgangsmade ifolge krav 1, hvor det aromatiske ortho-dialdehydfarvestof er OPA.
7. Fremgangsmade i1fglge krav 1, hvor reduktionsmidlet er BME.
8. Fremgangsmade ifelge krav 1, hvor additivet er udvalgt fra ascorbat, 1soascorbat, lactat

eller et lactatsalt.
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9. Anordning til fluorescerende markning af en bestanddel, hvilken anordning omf{atter,

a) et forste brugerudskifteligt reservoir omfattende en kraftigt bufferet alkalisk
oplasning af aromatisk ortho-dialdehydfarvestof,

b) et andet brugerudskifteligt reservoir omfattende en svagt bufferet sur oplesning 1
tilstedevarelse af thioler 1 oplgsning tilvejebragt ved hjelp af et reduktionsmiddel, og der
endvidere omfatter et antioxidantadditiv, der er udformet til at stabilisere reduktionsmidlet,

C) en eller flere fluidpassager, der omfatter bestanddelen, og

d) et netvaerk af forbindelseskanaler, der forbinder reservoirerne og fluidpassagen
for at gore det muligt for den alkaliske oplgsning og den sure oplgsning at blive kombineret med
bestanddelen for at marke bestanddelen ved omsatning af bestanddelen med den alkaliske

oplgsning og den sure oplgsning.

10.  Anordning ifelge krav 9, hvor netvarket af forbindelseskanaler er udformet til at
kombinere den alkaliske oplesning og den sure oplesning for kombinering af den resulterende

blanding med bestanddelen.

11.  Anordning 1ifglge krav 9, hvor netvarket af forbindelseskanaler er udformet til at
kombinere den alkaliske oplesning med bestanddelen for kombinering af den resulterende

blanding med den sure oplesning.

12.  Anordning ifelge krav 9, hvor netvarket af forbindelseskanaler er udformet til at
kombinere den sure oplesning med bestanddelen for kombinering af den resulterende blanding

med den alkaliske oplesning.

13.  Anordning ifelge krav 10, hvor det andet reservoir er gasuigennemtrangelig.
14.  Anordning ifglge krav 9, hvor det forste reservoir er lysuigennemtrangelig.
15.  Anordning ifelge krav 9, hvor netvarket af forbindelseskanaler er forsynet med en eller

flere envejsventiler til at forhindre tilbagestromning at den alkaliske oplesning og/eller den sure

oplosning.

16.  Anordning ifelge krav 9, hvor den hydrodynamiske nedstremsmodstand for hver

forbindelseskanal 1 alt vaesentligt er ens, saledes at stromningsraterne for oplgsningerne fra det
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forste og andet reservoir ind 1 fluidpassagerne 1 alt vaesentligt er ens.

17. Anordning 1ifelge krav 9, hvor den hydrodynamiske nedstromsmodstand for hver
forbindelseskanal 1 alt vaesentligt er forskellig, saledes at stremningsraterne for oplesningerne

5  fra det forste og andet reservoir ind 1 fluidpassagerne 1 alt vaesentligt er forskellige.
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