- 1 - Process and device for producing reagent carriers having a

bi ndi ng capability Description The invention concerns a process for
produci ng reagent carriers having a binding capability that are
suitable for determ ning analytes in |liquids wherein the process
conprises at |least one step in which a particular reagent carrier
body is treated in particular by transfecring nmaterial between a
treatnent device and the reagent carrier body in a preparation
device. The invention concerns the econom cal production or
preparation of reagent carriers for the qualitative or quantitative
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carrier body in a preparation device.

The invention concems the economical production or preparation of reagent
carriers for the qualitative or quantitative determination of analytes in liquids and
in particular in body fluids. Such known reagent carriers are able to bind analyte
molecules from the sample liquid on a carrier surface in a reaction (“assay”)
where the binding events can be detected by measurement techniques e.g. by the
optical detection of fluorescence events. Reagent carriers of this type can for
example be prepared with microarray structures by the process of the present
invention in order to for example produce a biochip for the selective local

detection of binding reactions.

However, the invention is not limited to the production of biochips with
microatrays but is also suitable for producing two-dimensionally coated carriers

such as microtitre plates or microtitre strips.

In the production of reagent carriers of the type considered here, an individual
surface area of the previously prepared reagent carrier body is contacted with a
liquid or liquids in a well defined time sequence. Preparation devices are used for
this which have technical equipment for the volume-controlled addition of liquids.
Furthermore, preparation devices may be used which have equipment to remove
previously added liquids or to remove weakly bound or entrapped molecules or
particles from the surface of the carrier body. Moreover, washing devices, drying

devices etc. may also be used as treatment devices,

The preparation devices usually include a control device for controlling

predetermined time sequences of process steps. The sequence of the process steps



In the production of reagent carriers of the type considered here, an
i ndi vi dual surface area of the previously prepared reagent carrier
body is contacted with a liquid or liquids in a well defined tine
sequence. Preparation devices are used for this which have techni cal
equi pnment for the volume-controlled addition of |iquids. Furthernore,
preparation devices may be used which have equi pment to renove
previously added liquids or to renove weakly bound or entrapped

nol ecul es or particles fromthe surface of the carrier body.
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It is also already known in the case of test strip manufacture that the carrier paper
can be reeled off a storage roll and that the strip tape is passed through an

immersion bath or sprayed with test substances in a continuous process. However,



- 3 - the coating process is followed by a very | aborious process of
devi ce manufacture in which the strip tape is cut into shape and the
separate paper strips are |laboriously fitted into individual holders
and assenbl ed to form manageabl e el enents. The object of the
invention is to provide a process which by using sinple neans enabl es
the production of reagent carriers havigg a binding capability that
are suitable for determning analytes in |iquids using prefabricated
reagent carrier bodies at a very high output. In another aspect the
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reagent carr isgiaROfY dbterhifgRingyes at liQiddeiigofrefabricated reagent carrier
bodies at a very high output. In another aspect the object of the invention is also to

provide a device for carrying out the process.

The process according to the invention for producing reagent carriers having a
binding capability that are suitable for determining analytes in liquids comprises at
least one step of treating a respective prefabricated reagent carrier body in
particular by transferring material between a treatment device and the reagent
carrier body in a preparation device and is characterized in that this at least one
treatment step takes place

- on the moving reagent carrier body during its transport in the preparation device
or

- during a movement of the treatment device relative to the reagent cartier body

in the preparation device.

In the case of the first alternative i.e. the treatment of the reagent carrier body
while it is transported in the preparation device the stationary positioning of the
individual reagent carrier bodies in the treatment zone of the treatment device is
omitted. Hence the reagent carrier bodies are subjected to a treatment step during
their continuous passage through the relevant treatment zone. Deceleration times
and acceleration times for placing the carrier body in the treatment zone and for
conveying the carrier body out of the treatment zone are thus obsolete which saves

an enormous amount of time in the serial preparation of the reagent carriers.

The basic idea of one aspect of the invention is to design the process sequences
such that the principle realized in conventional systems of “carrying out the
process in a mechanical state of rest” is omitied in as many treatment steps as

possible and instead the treatment steps take place during the transport movement



In the case of the first alternative i.e. the treatnent of the
reagent carrier body while it is transported in the preparation
device the stationary positioning of the individual reagent carrier
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running individual process steps in parallel.

The treatment steps that have to be carried out according to the inventive process
on the previously provided individual reagent carrier bodies and the treatment
devices that are necessary for this can be of a wide variety of types. Thus for
example a first treatment step can comprise the complete overlayering of a
respective reaction surface of the reagent carrier body with a substance such as a
liquid by adding a metered amount of this substance to the reagent carrier body by

means of a metering device.



The treatnent steps that have to be carried out according to the

i nventive process on the previously provided individual reagent
carrier bodies and the treatnent devices that are necessary for this
can be of a wide variety of types. Thus for exanple a first treatnent
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precoating is preferably applied to the entire area. The precoating is typically
applied to the carrier from an aqueous solution. It can consist of any molecules
that enable the binding of a second coating. The precoating preferably comprises a
first partner of a high affinity binding pair such as streptavidin, avidin or biotin, as
well as analogues, derivatives or conjugates of the said substances or antibodies. It
is, however, also possible to apply molecules as a precoating which enable a

covalent binding to the second coating such as molecules which contain an amine,



- 6 - asulfite or a silyl group. After the precoated reagent carrier
body has been washed, receptor nolecules are then applied to the
precoating in an aqueous solution in the formof small droplets. The
receptor nol ecules can diffuse fromthe solution to the precoating
and bind to it. Hence the process according to the invention enabl es
t he production of nultianalyte carriersgcontaining a nmultianalyte
coating on an appropriate precoating. Carriers such as those
described for exanple in EP 0 939 319 A2 or EP 1 380 839 Al can be
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in the present application.

Hence the process according to the invention can be used to produce or to prepare
streptavidin-coated carriers, HBc antigen carriers or multianalyte carriers.

However, this still does not exhaust the potential applications.

The invention also concerns the use of a reagent carrier produced by the process

according to the invention for determining analytes in a liquid.

In order to perform the method according to the invention a preparation device is
proposed which is characterized by at least one treatment device for treating
reagent carrier bodies, a transport device for transporting successive reagent
carrier bodies through a treatment zone of the treatment device and a control
device for the time-coordinated control of the treatment device and the transport
device such that the treatment device in each case performs at least one
predetermined treatment step on the reagent carrier bodies passing through the

treatment step during the transport movement of the respective reagent carrier



- 7 - bodies. Another preparation device for performng the method
according to the invention is characterized by at |east one treatnent
device for treating reagent carrier bodies, a transport device for
transporting reagent carrier bodies to and froma treatnent zone and
a control device for controlling the treatnment device and optionally
the transport device, where the treatnent device can be noved
relative to the treatnment zone under the control of the control
device and can also be activated to carry out at |east one
predeternine%o&ggatnent step during the novenment in order to treat
reagent carrier bodies in the treatnent zone. In the said preparation

devices the t ' : |l .e&sBind @y ihe enveafiod he
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conpri ses a rtomsatrgagtevcarserfmdies dmtye tneatownt fode. bodi es. Furt hernore,

the treatnment device can conprise a drying device,
In the said preparation devices the treafment device preferably has a release

device for the controlled metered release of at least one substance and especially a
liquid onto the reagent carrier bodies. According to a further development of the
preparation device according to the invention the release device can comprise
means for the position-selective deposition of liquid droplets on the reagent carrier

bodies.

In addition or alternatively the treatment device can have a removal device for
removing at least one substance and in particular a liquid from the reagent carrier
bodies. By combining a release device and a removing device, it is possible to

simultaneously exchange liquids on the reagent carrier body.

The treatment device preferably also comprises a rinsing device for reagent carrier

bodies. Furthermore, the treatment device can comprise a drying device.

In addition or alternatively the treatment device can comprise irradiation means or

optical monitoring means for reagent carrier bodies in the preparation device.

Embodiments of the invention are further elucidated in the following with

reference to the figures.

Fig.1 shows a partial area of a preparation device according to the invention in a
schematic representation in which a multiple droplet generator that is kept
stationary is used as a treatment device through the treatment zone of

which successive reagent carrier bodies are moved,

Fig. 2 shows a preparation device according to the invention in a schematic



In addition or alternatively the treatnent device can conprise

i rradi ati on neans or optical nonitoring neans for reagent carrier
bodies in the preparation device. Enbodinents of the invention are
further elucidated in the followng with reference to the figures.
Fig.1l shows a partial area of a preparation device according to the

i nvention in a schematic representationgin which a nultiple droplet
generator that is kept stationary is used as a treatnent device

t hrough the treatnent zone of which successive reagent carrier bodies

are moved. Fig. 2%?& a@oﬂh%@ﬁl&?& @ \thfifer BEEEY 44 Wil 4sathé Beatment
invention in a sch tic - - representatlon in which the reagent

carrier bodi es asdewitd axasntnﬁtémt T eREAENt deRA 8% are in notion i n a

treatnent zone area. Fig. 1 shows a perspective view ecti on. of
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bodies 4 can be transported on the conveying device 2 without connecting strips

and thus separate from one another.

The upper side of the reagent carrier bodies 4 are hollowed out in a trough shaped
manner where the bottom of the trough has the surface 10 of the reagent carrier
body 4 that is to be treated. The outer dimensions of a reagent carrier body 4 are
ca. 22 mm x 7 mm x 3 mm in a particular example. Of course other dimensions

and designs of the reagent carriers are possible.

A droplet generator 12 that operates according to the ink-jet principle and is
controlled by an electronic control unit (not shown) is shown schematically in fig.
1 as the treatment device. The droplet generator 12 is used to deposit liquid
droplets at predetermined positions on the area 10 of the reagent carrier bodies 4.
In the example of fig. 1 the droplet generator 12 comprises eight droplet discharge
jets 14 which are supplied with certain liquids from liquid reservoirs which are
then discharged as drops onto the reagent carrier bodies 4. The droplets 16 reach
the surface 10 of the respective reagent carrier body that is passing through the
treatment zone 6 in free flight over a distance of several millimetres. It is
preferable but not absolutely essential that the reagent carrier bodies 4 are
continuously transported at a constant speed and drops are generated by the

droplet generator 12 at a constant frequency.

Monitoring means of the control device ensure that the droplet discharge by the

droplet generator 12 and the transport of the reagent carrier bodies 4 are



The upper side of the reagent carrier bodies 4 are hollowed out in a
trough shaped manner where the bottom of the trough has the surface
10 of the reagent carrier body 4 that is to be treated. The outer

di mrensions of a reagent carrier body 4 are ca. 22 nfmx 7 mXx 3 mMmin
a particular exanple. O course other dinmensions and designs of the
reagent carriers are possible. A droplep.generator 12 that operates
according to the ink-jet principle and is controlled by an electronic
control unit (not shown) is shown schematically in fig. 1 as the
treatment device, T I ! i gqui d
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The out put pegt@irpagee4can be considerably increased by optimzation
nmeasur es.

The transport device transports the reagent carrier bodies 4 one after the other
along the path 3b. During this the reagent carrier bodies 4 pass through a treatment
zone 6b in which they are treated by the treatment device 12b. In this example the
treatment device 12b comprises eight treatment heads 14b which project radially
outwards from a common centre 20 and are separated from one another by the
same angular distances and which rotate around the common centre 20. The
direction of rotation of the treatment device 12b indicated by the arrow 15b and its

rotational speed are matched under the control of an electronic control device (not



Fig. 2 shows anot her enbodi nent of an aspect of the invention in a
schematic top-view and this aspect concerns the continuous novenent
of the reagent carrier bodies 4 as well as the treatnent device 12b
during the treatnent of the reagent carrier bodies 4. The transport
device transports the reagent carrier bodies 4 one after the other
along the path 3b. During this the reagent carrier bodies 4 pass
through a treatnment zone 6b in which they are treated by the
treatment device 12b. In this exanple the treatnent device 12b
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the rel ease tjtme in such a manner that liquid is already ejected
before the respective reagent carrier body 4 is positioned bel ow the
outlet jet. Masitopingnganeafitbe ofnttohdeicrrdre prefetehly aseddo syprhednizethe y
used to synchr.oni ze e.triggering.af. { L QU .t he
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sensors etc. Fu ernore, it may be advantageous to cascade the
process of sﬁﬁﬁﬁﬁ‘ijﬁ?rﬁﬁtﬁ'd to the reagent carrier body such that
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common st or aghe wagakarrier body such that liquid is applied to the reagent carrier body not

in a single dose but rather in several doses from N channels which are supplied by

a common storage vessel.

In the case of the principle outlined in fig. 2 the treatment heads 14b may move at
a speed that is different to that of the reagent carrier bodies 4 as they pass through
the treatment zone 6b such that each reagent casrier body 4 can be acted upon by
several treatment heads 14b in succession in order for example to carry out a

suction step, a liquid supply step and optionally an irradiation step in succession.

The functions and constructional systems of suitable liquid dispensing devices,
suction devices, rinsing and washing devices and detection devices are knownto a
person skilled in the art so that it may be left to his discretion to use one or more
such devices in the manner according to the invention in a preparation device of
the type that is here under consideration and to carry out the process according to

the invention in order to avoid as largely as possible start and stop processes in the



In the case of the principle outlined in fig. 2 the treatnment heads
14b may nove at a speed that is different to that of the reagent
carrier bodies 4 as they pass through the treatnent zone 6b such that
each reagent carrier body 4 can be acted upon by several treatnent
heads 14b in succession in order for exanple to carry out a suction
step, a liquid supply step and optionalijy an irradiation step in
succession. The functions and constructional systens of suitable

| i qui d di spensing devi ces, suction devices, rinsing and washi ng
devices and ﬂ@&dﬁﬁébﬁ&eq%vg%ﬁt% 10ROV He pRoAREHHS BPpRfshridgadagat t he
art so that it may be left to his discretion to use ohe or nore such
devi ces in t heriemseapablaethipdinéilg to the invention in a preparation
device of the type that is here under consigeration and tfo.carry .out

the process Hcbowldibagomisd ovs tahiheleagsnt Garries Padies ¢ shoayinghe BEyIss Gy y
as possi bl e %ésp?é En@é}%gfeg.prr&r IRGRSSL Sarl 6F dolife altamdlchiizd hit iy reagegent
carrier bodie f when produci ng or preparing reagent carriers capable
of binding. kamishbedies ethesshapesl out that the reagent carrier bodies
4 shown in the figures only represent exanples. The invention can of
course al so be carried out using reagent carrier bodies of other
shapes. - 12 - Cains



1. A process for producing reagent carriers conprising a reagent for
bi ndi ng an anal yte, the process conprising: providing on a noving
transport device prefabricated reagent cgfrier bodies in form of
vessel s which are hollowed out in a trough shaped nanner at their
upper sides and which have a bottom area, providing a treatnent
device conprising a dropl et generator which operates according to the
inkjet printing principle, transportingldilms reagent carrier bodies
via the transport device through a treatnment zone in a continous
cycle, and treating each carrier body by depositing droplets of a
reagent at predeterm ned positions on the bottom area of the reagent
carrier body via pgrbeesdrioptretudeneegentrcaviers temprisieg asergeatier BBARE t he

reagent carrier bo%lﬁ{eéoé}eez%@g&ss%oﬂ%ﬂgméi ng its transport through the
' SS al

treatnent zone. 222 0 1 wherein the respective
reagent carrier body as well as the treatnent device are noved when

the treatment step: §aKsSaPh@ify trahspdi BeREOpRAbriRhtedIradant chidet bedies

conprising : _
in form of vessels which are hollowed out in a trough shaped manner at

their upper sides and which have a bottom area,

providing a treatment device comprising a droplet generator which operates
according to the inkjet printing principle,

transporting the reagent carrier bodies via the transport device through a
treatment zone in a continous cycle,

and

treating each carrier body by depositing droplets of a reagent at
predetermined positions on the bottom area of the reagent carrier body via
the droplet generator of the treatment device as the reagent carrier body
moves non stop during its transport through the treatment zone.

2. The process of claim 1 wherein the respective reagent carrier body as
well as the treatment device are moved when the treatment step takes

place.
3. The process of claim 1 further comprising :

providing a liquid removing treatment zone,
transporting the reagent carrier bodies via the transpert device through said

liquid removing treatment zone, and



providing a liquid renoving treatnment zone, transportin h

carrier bodies via the transport device through sgid Iigu}der;ﬁggﬁzg
treatment zone, and - 13 - renoving a lLijguid fromthe reagent
carrier body as the reagent carrier body I's noved during its
transport through the fluid renoving treatnment zone. 4. Process for
producing reagent carriers as claimed in one of the previous clains
characterized In that it is used to produce streptavidin-coated 1
carriers cir HBc antigen carriers or

removing a liquid from the reagent carrier body as the reagent carrier body
is moved during its transport through the fluid removing treatment zone.

4, Pracess for producing reagent carriers as claimed in one of the previous
claims, characterized In that it Is used to produce
- streptavidin-coated carriers of
- HBc antigen carriers or
- multianalyte carriers.

5. Preparation device for carrying out the process as claimed in one of the
claims 1 to 4, characterized by at least one treatment device (12; 12b) for
treating reagent carrier bodies in form of vessels which are hollowed out in
a trough shaped manner at their upper sides and which have a bottom
area, wherein said treatment device comprises a droplet generator (12)
which operates according fo the inkjet printing principle, a transport device
(2; 2b) for transporting successive reagent carrier bodies (4) in a
continuous oycle through a treatment zone (6; 6b) of the treatment device
(12; 12b), and a control device for the time-coordinated control of the
treatment device (12; 12b) and the transport device (2; 2b) such that the
treatment device {12; 12b) in each case performs at least one
predetermined treatment step in form of depositing droplets of a reagent at
predetermined portions on the botiom arcas of the reagent carrier bodies
(4) as the reagent carrier bodies move non stop through the treatment zone
(6: 6b) during the transport via the transport device.

8. Preparation device as claimed in claim 5, characterized in that the
treatment device has a dispensing device (12b) for the controlled metered
release of at least one liquid onto the reagent carrier bodies (4).

7. Preparation device as claimed in one of the claims 5 - 6, characterized in
that the treatment device has a removal device for removing at least one

substance in particular a liquid from the reagent carrier bodies.



mul ti anal yte carriers. 5. Preparation device for carrying out the
process as claimed in one of the clains Ito 4, characterized by at

| east one treatment device (12; 12b) for ldreating reagent carrier
bodies in formof vessels which are hollowed out in a trough shaped
manner at their upper sides and which have a bottom area, wherein
said treatnent device conprises a droplet generator (12) which
operates according to the inkjet printing principle, a transport
device (2; 2b) for transporting successive reagent carrier bodies (4)
in a contingous Ifr)éﬁér%tlbﬁf:i@wg@a@chrnm ireng oitbme:lilﬁns by, cbhractasized in

treat nent device ( a, contral

ti me- coor di nat edh%tcfﬁ? Fr8ﬁt%?”t%ﬁ?é‘°? Pa%F HBRPY gg\/'lb% ﬁor( %éqetn?%meg%%dl?she
transport device (2; 2b) such that the treatnment device (12, 12b) in
each case perforns at | east one predetermned treatnment step in form
of depositing droplets of a reagent at predeterm ned portions on the
bottom areas of the reagent carrier bodies (4) as the reagent carrier
bodi es nove non stop through the treatnent zone (6; 6b) during the
transport via the transport device. 6. Preparation device as clained
in claim5, characterized in that the treatnent device has a

di spensi ng device (12b) for the controlled netered rel ease of at

| east one liquid onto the reagent carrier bodies (4). 7. Preparation
device as clainmed in one of the clains 5 - 6, characterized in that
the treatnment device has a renoval device for renoving at |east one
substance in particular a liquid fromthe reagent carrier bodies.
-14- 8. Preparation device as clained in one of the clains 5 - 7,
characterized in that the treatnment device has a rinsing device for
reagent carrier bodies.



