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DESCRIPTION

ASSAY DEVICE

The present invention relates to an assay device, apparatus and method for use
in fluid assays. In particular it relates to a device for use in body fluid assays, for
example assays on blood and urine. More particularly, it relates to a device for use
in assays for glaciated proteins in body fluid samples.

PCT/GB98/03586 discloses an apparatus for conducting an assay comprising
a first inlet, a second inlet, and an inlet port, the inlet port being moveable relative to
each of said first and second inlets such that the port can be brought into liquid
communication with each inlet in turn as required, the inlet port accommodating a
filter means and/or a binding retaining means.

In the course of conducting an assay, for example, to determine the presence
or absence of one or more analyses in a sample, the sample is separated into first
component fraction and a second component fraction, the second component fraction
being obtained by eluting a compound “held” on the binder retaining means from the
binder retaining means.

It is an aim of the present invention to provide a device, apparatus and method
for automated fluid assay which is simpler for the end user and is less prone to user
error.

In accordance with the first aspect of the present invention there is provided
a device for fluid assay comprising a carousel mounted on a hub having an assay
component separation zone, the carousel being rotatable about the hub to provide

multiple configurations of the device, the carousel having a plurality of chambers
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being non-communicating in a first configuration of the device, a first chamber
communicating through the separation zone with at least one other chamber in a
second configuration of the device.

Preferably the device further comprises a second chamber which
communicates through the separation zone with at least one other chamber in a third
configuration of the device.

More preferably, the device further comprises a third chamber which
communicates through the separation zone with at least one other chamber in a fourth
configuration of the device.

In addition to being rotatably about the hub, the carousel may be rotatable
with the hub. This facilitates thorough contacting of the contents of the chambers.

Preferably, the device is cooperable with drive means for automated fluid
assay.

The device may be keyed so it may only fit in one orientation within an
apparatus.

Preferably the fluid for assay is a body fluid, which includes blood, blood
components, such as serum or plasma, and urine.

Preferably the separation zone comprises a transverse channel in the hub.
More preferably the channel is inclined with respect to the longitudinal axis of the
hub.

The separation zone is preferably a chromatographic separation zone. The
zone may be at least partially blocked by a filter material or binding retaining material

effective for chromatographic separation. Preferably the zone is completely blocked
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by a filter material or binding retaining material effective for chromatographic
separation.

The filter material or binding retaining material is preferably a frit.

Preferably the chambers are disposed radially about the hub. More preferably
communicating chambers are disposed diametrically opposite one another about the
hub.

Preferably the device comprises an openable port disposed in the first
chamber for charging a fluid to be assayed.

Preferably at least one chamber comprises walls which comprise material
effective for allowing the passage of light therethrough.

The carousel and hub may be manufactured from the same or different
material. Preferably they are manufactured from different materials.

The carousel and hub are preferably manufactured from plastics.

The carousel may be manufactured from acrylic material. The hub may be
manufactured from polystyrene or acrylic material. Preferably, the hub or carousel
comprise a plastics coating. More preferably, the hub or carousel comprises a
thermo-polyethylene coating. More preferably still the hub or carousel comprises a
santoprene (RTM) coating.

Manufacturing the hub and carousel from different materials facilitates the
liquid sealant properties therebetween. It precludes the use of grease or other such
sealants which would interfere with the accuracy of the assay.

The central hub may have a diameter in the range of 8 to 18 mm. Preferably

the hub has a diameter in the range between 10 to 15mm. More preferably still, the
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hub has a diameter of 13 mm.

Preferably the device comprises means for venting. More preferably means
for venting comprises venting apertures in the device. More preferably still, the
venting apertures are releasably sealed by foil before use of the device.

" The device may comprise means for bursting foil sealed apertures. The
means for bursting foil sealed apertures may comprise at least one spike, barb or the
like. Preferably, the means comprise a plurality of spiles.

The device may comprise ‘teeth’ for co-operating with a drive means for
automated fluid assay.

In accordance with a second aspect of the present invention there is provided
an apparatus for fluid assay comprising means for vertically mounting a device as
described hereinabove whereby the flow of fluid through the separation zone in the
second configuration is facilitated by gravity.

The instrument may comprise means for bursting foil sealed venting apertures
in the device or may comprise means for engaging with means for bursting foil sealed
venting apertures dispoed on the device.

The instrument may comprise a cog drive to co-operate with teeth disposed
on the device for automated fluid assay.

In accordance with a third aspect of the present invention there is provided a
method for' fluid assay comprising the use of a device or apparatus as described
hereinabove, comprising the steps of:

(a) contacting a fluid to be assayed in the first chamber with an assaying reagent in

the first configuration of the device;
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(b) rotating the carousel to the second configuration of the device;
(c) collecting a component to be assayed in at least one other chamber;
(d) assaying the component.

Specific embodiments of the present invention will now be described with
reference to the figures by way of example only:

Fig.1 is a perspective view of a device according to one aspect of the
invention;

Fig.2 is a partial sectional view of the Fig.1 device, and

Fig.3 is a plan view of the Fig.1 device.

Fig. 4 is a perspective view from below of a further embodiment of the
present invention.

Fig. 5 is a perspective view from below of a foil piercing means. Fig. 4
comprises said means.

The device 10 comprises a carousel 12 rotatably mounted about a hub 14,
disposed in a complementary shaped housing 16 having a lower end wall 18.

The carousel is divided into a plurality of chambers. There are three optical
chambers 20, 22, 24 and three reagent chambers 26, 28, 30. The six chambers are
radially disposed about the hub 14 and are arranged into pairs which are disposed
diametrically opposite one another. Each pair comprises a reagent chamber and an
optical chamber. In the case of an assay for determining glaciated and non-glaciated
proteins in haemoglobin the reagent chambers 26, 28, 30 contain respectively,

a) a buffer and an amino phenyl boronate agarose (aPBA) matrix;

b) a wash buffer; and
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¢) an eluting buffer.

Each reagent chamber 26, 28, 30 has centrally disposed dividing wall 32
running along its longitudinal axis. Each reagent chamber has an upper and lower
wall 34 36, two side walls 38 ,40 an inner end wall 42 proximally disposed with
respect to the carousel and an outer end wall 44 distally disposed with respect to the
carousel.

Inner end wall 42 has two apertures 46, 48 adjacently disposed to upper wall
34 and either side of the dividing wall 32.

Upper and lower walls 34, 36 each have a parallel face 50, 52 with respect to
one another and an inclined face 54, 56 which converge on apertures 46, 48.

Side walls 38 ,40 each have a parallel face 58, 60 with respect to one another
and an inclined face 62, 64 which converge on apertures 46, 48.

Upper wall 34 further comprises a pair of apertures 66,68 disposed either side
of dividing wall 32 adjacent to outer end wall 44. Each aperture 66,68 is sealed
temporarily by foil, one of which serves as a vent when the device is in use with the
exception of one aperture disposed in the first reagent chamber 26 which has a
resealable cap facilitating the introduction of a sample (not illustrated).

Optical‘chambers 20, 22, 24 have upper and lower walls 72,74 parallel with
respect to one another, two side walls 76,78 and an inner end wall 80 proximally
disposed with respect to the carousel and an outer end wall 82 distally disposed with
respect to the carousel.

Side walls 76,78 each have a parallel face 84,86 with respect to one another

and an inclined face 88,90 convergenf on inner end wall 80.
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Centrally disposed in inner end wall 80 is an aperture 92 which communicates
with a channel disposed in hub 14 described hereinbelow.

Extending perpendicularly from the inner face of side wall 76 and centrally
disposed is drip catcher 94 which serves to ensure that all of the sample which passes
through the channel in hub 14 is collected in the optical chamber.

Optical chambers 20, 22, 24 further comprise a venting aperture 96 in inner
end wall 80 adjacently disposed to lower wall 74 which communicates with a venting
in hub 14 described hereinbelow.

Each chamber pair is brought into liquid communication via a channel
disposed in hub 14.

Hub 14 comprises a cylinder 98 divided into two compartments 100,102 by
an inclined transverse tube 104. Compartments 100,102 communicate via venting
apertures 106,108 disposed either side of tube 104. Compartment 100 communicates
with each of the optical chambers 20, 22, 24 via a venting aperture 110 in the cylinder
wall complementary in shape with venting aperture 92. Tube 104 is blocked at one
end, adjacent to aperture 110, by a frit (not illustrated). Compartment 102 has a
plurality of projections 112 extending from the inner wall of the cylinder which serve
to engage with a drive means when the device is used in automated fluid assay.
Carousel 12 also has a plurality of projections 114 which serve to engage with a drive
means when the device is used in automated fluid assay.

In use the device 10 is mounted vertically in apparatus comprising drive
means. A sample, for example blood, is loaded in the first reagent chamber 26 via

the aperture 66 in the first reagent chamber whilst in the first configuration. Once
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aperture 66 has been resealed with cap the device is rotated through 360° to ensure
thorough mixing, and in this example to facilitate lysing of the red blood cells thereby
liberating the haemoglobin. The device is left for 60 - 90 seconds during which the
glaciated haemoglobin present in the sample binds to the aPBA affinity matrix.

Once mixed the carousel 12 is held in place such that the first reagent
chamber 26 is disposed above the first optical chamber 20 and the hub 14 is rotated
such that reagent chamber 26 communicates with optical chamber 20 via tube 98 in
the second configuration of the device. At the same time the foil covering the
venting aperture is punctured to permit venting, breaking the air lock, whilst at the
same time venting is facilitated in the optical chamber via venting apertures 96, 106,
108, 110 causing the release of the reagent chamber’s contents through the frit into
the optical chamber below under the influence of gravity. The aPBA affinity matrix,
however, is too large to pass through the frit and is retained in tube 104.

The reagent chamber’s contents collect in the first optical chamber which
contains the non-glaciated haemoglobin present in the original sample. The aPBA
affinity matrix collected in tube 104 contains the glaciated haemoglobin present in
the original sample.

The hub is then held in place and the carousel is rotated a further 60° such that
the second reagent chamber 28 is brought into liquid communication with the second
optical chamber 22 in the third configuration of the device, thereby presenting a
wash for use and release of the reagent chamber’s contents is facilitated as described
for the second configuration. This step is to remove any non-specifically bound non-

glaciated haemoglobin from the aPBA affinity matrix that may be present.
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On rotating the carousel to a further 60° the third reagent chamber 30,
containing the eluting solution is presented, in a fourth configuration of the device
and release of the reagent chamber’s contents. The elution buffer removes the
glaciated haemoglobin from the aPB A affinity matrix which is collected in the optical
chamber.

The apparatus spectrophotometrically measures the absorbance of both the
non-glaciated and the glaciated haemoglobin fractions, and calculates the % glaciated
haemoglobin present in the original whole blood sample.

In a further embodiment of the present invention, Fig. 4, a cylindrical sleeve
120, in which device 10 is disposed, has two recesses 126, 128 extending
longitudinally and diametrically disposed from one another and having a knurled
surface to facilitate handling.

First open end 122 is flush with the lower edge of carousel 12 (not illustrated)
whilst second open end 124 has an inwardly extending lip 130, which engages the
upper edge of carousel 12, and further has three inwardly extending tongues 132, 134,
136, having an upper and lower surface 137, 139, disposed equidistantly around lip
130 and adjacent to reagent chambers 26, 28, 30.

Disposed on housing 16 is a foil piercing means 140. Foil piercing means
140 has a substantially circular planar body 142 having a centrally disposed
upstanding circular wall 144 dimensioned such that it acommodates housing 16.
Body 142 has three radially extending tongues 146, 148, 150, disposed equidistantly
and adjacent to reagent chamber 26, 28, 30, having upper and lower surfaces 152,

154. Each tongue 144, 146, 148 is fixed to body 142 via two sprung arms 156, 158.
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Disposed on the lower surface 154 of each tongue 144, 146, 148 are two spikes 160,
162. Spikes 160, 162 are shaped and spaced apart such that they overlie apertures 66,
68.

The upper surface 152 of each tongue 144, 146, 148 engages with the inner
surface 137 of tongues 132, 134, 136.

In order to accommodate foil piercing means 140 and hub 14, end wall 18 of
housing 16 is absent in the further embodiment, to permit drive means to engage with
the hub. In the further embodiment compartment 100 has a plurality of projections
extending from the inner wall (not illustrated).

In use the protocol is as set out hereinabove, with the exception that venting
of apertures 66, 68 is facilitated as follows:- A ram located on the apparatus
sequentially engages with tongues 144, 146, 148. Since tongues 144, 146, 148 are
fixed via sprung arms, the tongues 144, 146, 148 are displaced such that spikes 160,
162 pierce the foil overlying apertures 66, 68, thereby facilitating venting.

Whilst the invention has been described with reference to an assay for
determining the % levels of glaciated haemoglobin, the skilled man will appreciate
that the number of reagent and optical chambers and the assay liquids will vary for

other assay systems.
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CLAIMS

1. A device for fluid assay comprising a carousel mounted on a hub
comprising an assay component separation zone, the carousel being rotatable about
the hub to provide multiple configurations of the device, the carousel having a
plurality of chambers being non-communicating in a first configuration of the
device, a first chamber communicating through the separation zone with at least one
other chamber in a second configuration of the device.

2. A device as claimed in claim 1, wherein a second chamber communicates
through the separation zone with at least one other chamber in a third configuration.

3. A device as claimed in claim 2, wherein a third chamber communicates
through the separation zone with at least one other chamber in a fourth configuration
of the device.

4. A device as claimed in any one of claims 1 to 3, wherein the device is co-
operable with drive means for automated fluid assay.

5. A device as claimed in any preceding claim, wherein the fluid is a body
fluid which includes blood, blood components and urine.

6. A device as claimed in any one of claims 1 to 5, wherein the separation
zone comprises a transverse channel in the hub.’

7. A device as claimed in claim 6, wherein the channel is slanted with respect
to the longitudinal axis of the hub.

8. A device as claimed in any preceding claim, wherein the separation zone
is a chromatographic separation zone.

9. A device as claimed in claim 8, wherein the channel is at least partially
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blocked by a filter material or binding retaining material effective for
chromatographic separation.

10. A device as claimed in claim 9, wherein the filter means or binding
retaining means is a frit.

11. A device as claimed in any preceding claim, wherein the chambers are
disposed radially about the hub.

12. A device as claimed in claim 11, wherein said communicating chambers
are disposed diametrically opposite one another about the hub.

13. A device as claimed in any preceding claim, further comprising an
dpenable port disposed in the first chamber.

14. A device as claimed in any preceding claim, wherein at least one chamber
is or comprises an optical material.

15. A device as claimed in any preceding claim, wherein the carousel and hub
are manufactured from different materials.

16. A device as claimed in any one of the preceding claims, wherein at least
one chamber comprises at least one aperture releasably sealed, such that at least one
chamber is airtight.

17. A device as claimed in claim 16, further comprising means for breaking
said seal.

18. An apparatus for fluid assay comprising means for vertically mounting a
device as claimed in any preceding claim whereby the flow of fluid through the
separation zone in the second configuration is facilitated by gravity.

19. An apparatus as claimed in claim 16 further comprising means for



WO 02/20160 PCT/GB01/04005

-13 -

assaying the assay component of the fluid.

20. A method for fluid assay comprising the use of a device or apparatus as
claimed in any preceding claim, comprising the steps of:
(a) contacting a body fluid to be assayed in the first chamber with assaying reagent
in the first configuration;
(b) rotating the carousel to the second configuration;
(c) collecting a component to be assayed in at least one other chamber; and

(d) assaying the component.
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