METHOD, SYSTEM AND REACTI ON VESSEL FOR PROCESSI NG A BI OLOd CAL SAVPLE
CONTAINED IN A LIQUID 5 FIELD OF THE | NVENTI ON The invention concerns a

nmet hod according to the preanble of claim1. 10 The invention further
concerns a systemaccording to the preanble of claim5. The invention
further concerns a reaction vessel accorgipg_ to the preanble of claim?9

15 BACKGROUND OF THE | NVENTI ON There are knhown di sposabl es cartridges
containing a chip shaped carrier having an active surface for the analysis

of 20 bl0|OQME@ﬁoﬁﬁ”@?QQEﬁnﬂNb”Rﬁﬂb&téﬁ|@ESQEL”ﬂékebﬁoéﬁ9§§NGQ&”ta'”ed in
liquid sanples. A cartr%@ge of this kind is described in European Patent

Appl i cati on BEFPR9SLEHE RHECHONEBINERpENAd FEQUIR. patent Application

10/ 033, 424. 25 In known devices of this kind, the chip shaped carrier is so
arranged within a process chanber of the cartridge that the active surface
of the chip shaped carrier is nearly co planar wwth an inner surface of the
process chanbEELD AOF PTBEeSBVENaNORr of this kind is a flowthrough cel
which 30 has e.g. a rectangular cross-section, a wwdth in a range going
from0.5 to 20 mllineter and a depth in a range going fromO0.05 to 1
mllineter. Ih@rnmesstcoanbenChansng néeked acoendioasto stiespredsole nof). S.
Pat ent Specif{ 6,197,595, 35 2 Such a cartridge has an inlet and
an outlet whic |ntroduction respectively renoval of a liquid sanple
to be analyzed |nto respectively fromthe above-nentioned chanber. 5 In

order to @romide; AhenPEERSEAFYhELNLSGEePRE VR EE L& L8 Ading to the
preamble of claim 5.

The invention further concerns a reaction vessel according
to the preamble of claim 9.

15
BACKGROUND OF THE INVENTION

There are known disposables cartridges containing a chip
shaped carrier having an active surface for the analysis of
20 Dbiological samples and in particular of nucleic acids
contained in liquid samples. A cartridge of this kind is
described in European Patent Applicaticon EP 1224976 Al which
corresponds to U.S. Patent Application 10/033,424.

25 In known devices of this kind, the chip shaped carrier is so
arranged within a process chamber of the cartridge that the
active surface of the chip shaped carrier is nearly co-
planar with an inner surface of the process chamber. A
process chamber of this kind is a flow-through cell which

30 has e.g. a rectangular cross-section, a width in a range
going from 0.5 to 20 millimeter and a depth in a range going
from 0.05 to 1 millimeter. A process chamber having these
dimensions is described in U.S. Patent Specification No.
6,187,585,

35




sanple to be analyzed and the reactants on the active surface of the chip
shaped carrier, a relative notion between sanple and active surface is
provided e.g. by an oscillatory novenment of the cartridge as described in
10 European Patent Application EP 1224976 Al or by a punping action that
noves the liquid sanple back and forth within the process chanber. Wthin
the context of the instant invention a chi% Shaped 15 carrier is a
substrate, in particular a glass or silicon chip of e.g. squared shape

having a thi r 0 a_so. ca active
surf ace, mhlgﬁgg§%iQ£§%r ace é%%&g' %Pghtaﬁ rFﬁyoBngFowgﬁFh pBFyner s,
e.g. an arr aytafodiicitiieme nte spriqpeed yofrebhikaleod. aDNAqﬁhdggampleotbdbeZO
probes, |ocated; n i surface. Those, .snippe

serve as probes f%hg%gﬁfgﬁbkﬁ%%ivg HE%%? the ESVSOW%PEHEH?Q §BER§FI‘
sequence. Biological polyners are e.g. peptldes proteins and nucl eic

aci ds. 255DNﬁnCB&B%rCQ%t?k%%dentﬁ@rhEbgggﬁr?fcB?Ea@poﬂgtﬂ%Qﬁ'Qﬂgd i%gfg

have a wi de range of cations exanpfl e use
studying t heS8fPdEt GPe! &cﬁpﬁﬂﬁye@eﬁﬁﬁl6h§hrﬁa§§ﬁméénoﬂlth@r@ntlbeologlcal

materi al s or sdefaeei 6Ifn@hfehehleéhgggaeesﬁr%rana UP@EQM@'%@%QG"
material. Fo 0 mstanc&g - sequence of ' such unknown material may be

det er ni ned by*© VS?ne§§WB p?66é¥§ RHBﬁﬁcﬁsl§eEE@ﬁé¢¢@ $yd. by an

hybrld|ZatlOnschmlaﬂeryembﬂémeﬁtseﬁUEHél6@rb¥1bg@régld@ééﬁ&bedsﬁﬂuences of
di ver se FBtEEI%|S are f n.a surface of a, chi

d_at . kno o] p,
and a sol ution cBntai gsng §p8}1§%gg8PeE? #88?37€0A5é°§éﬂﬁe%c%ﬂmP%n%ppl|ed
to that surfac910ﬁhehatamQEES vhel 1bgnddosahybei dazie amd hfontly within

conpl enent ar yy,.seg S substrate. The |ocations at which
hybri di zati on %c?u?ggggecggP%g?éd W th appropriate detection systens by

| abeling the targets with a fluorescent dye, radioactive isotope, enzyne,
or other markethihNtREMBLhOBxt of the instant invention a chip shaped

15 carrier is a substrate, in particular a glass or silicon
chip of e.g. squared shape having a thickness of e.g. 0.7 or
1.0 millimeter and a so called active surface, which is a
surface coated with an array of bioclogical polymers, e.g. an
array of different snippets of DNA, e.g. DNA oligonucleotide

20 probes, located at known positions on that surface. Those
snippets of DNA serve as probes for detecting DNA fragments
with a complementary DNA sequence. Biological polymers are

e.g. peptides, proteins and nucleic acids.

25 DNA chips contained in cartridges of the above mentioned
type have a wide range of applications. For example, they
may be used for studying the structure-activity relationship
between different biological materials or determining the
DNA-seguence of an unknown biclogical material. For

30 instance, the DNA-sequence of such unknown material may be
determined by, for example, a process known as sequencing by
hybridization. In one method of segquencing by hybridization,
sequences of diverse materials are formed at known locations
on a surface of a chip, and a solution containing cone or

35 more targets to be seguenced is applied to that surface. The
targets will bind or hybridize with only complementary

seqguences on the substrate. The locations at which



about target sequences can be extracted fromthe data 5 obtained by such
detection systens. By conbining various avail abl e technol ogi es, such as
phot ol i t hography and fabrication techni ques, substantial progress has been
made in the fabrication and placenent of 10 diverse materials on chips of

t he above nentioned kind. For exanple, thousands of different sequences
may be fabricated on a single substrate of -about 1.28 square centineter in
only a small fraction of the time required by conventional nethods. Such

i nmpr overrent‘;hrﬁke t hese substrates practical 15 for use in various
appl i cat i ong?Y RAH 22E HPBNBAFREF aFRsRar Rt e@ | Vil APRN cRnicst e cdetentd wt her

industrial sgstets, baslaweling the earsat Ho.iild of y GO GS g ch
focuses on dftcfr nb{]‘?%t he rel ati onsh|%) bet ween genetic sequences and
hunan physi 610gY. LRRTPPT s FHEEPT edPF I‘ﬁ?%h%r RaTkes . o TG on

cartridge wiabouti tsampdt veegueiase dacing dherdddal i DFo@ft Hdeiser cal | ed

process angr the .cartridge. 25 In the above nentioned nethod of
sequenci % by V%%]ﬁa%l%}h éep;%% & iy D™ he coating on the active

surface of the Chl p |ncI udes fl ooding of the process chanber of the
cartridge w ni g 0 e ar gets be sequenced.
30 For sever gﬁagp{gﬁ e"‘g)gL qq'%ﬂlc}ﬁ%lrﬁgsc Eﬁ-vﬁ} 4H zation, a
good ni xi ng %@Wﬂéqh%ﬂ@fs}amda fzahtltdm:mreetmtcannsqm t fmlbmttaln\taaaurface
of the chip L£a{dd i sh w hat_ suc good
ni xi ng cannat be achi g%/ee ﬁgl\/\n e Ef)gzﬁrﬁ chﬁgﬁﬂ ofted. A
furt her 18 afbaSr s motesriag tha?hém dfs tthﬂitakwveomrmleneﬁemw obr

i quid cont abneghlie) MOUNARSSCAMrdR Addditdd g 2ehisye Wathgt he

configurati on and di ensi ons
single substrate of about 1.28 square centimeter in

only a small fraction of the time required by conventional
methods. Such improvements make these substrates practical
15 for use in various applications, such as biomedical
research, clinical diagnostics, and other industrial
markets, as well as the emerging field of genomics, which
focuses on determining the relationship between genetic
seguences and human physiology.
20
The chip is ingerted into a wall of a one-way cartridge with
its active surface facing the interior of the so-called
process chamber within the cartridge.

25 In the above mentioned method of sequencing by
hybridization, processing of the coating on the active
surface of the chip includes flooding of the process chamber
of the cartridge with a solution containing one or more
targets to be sequenced.

30
For several applications, e.g. the so called dynamic
hybridization, a good mixing of the liquid sample and the
reactants on the active surface of the chip shaped carrier
is required. Experiments show that such a good mixing cannot

35 be achieved by known methods like the above-mentioned.



of prior art chanbers, although this is necessary because 5 during the

anal ysis process not only the liquid sanple to be analyzed, but also other
| i quids containing different substances are introduced into the process
chanber in various process steps and each of those |iquids should be
conpletely renoved after each process step. 10 In known prior art devices
the liquid sanple is supplied to the prodess chanber of the cartridge via
a valve bl ock which is connected by a conduit to an inlet port of the
cartridge. This prior _art arrangenent has two serious drawbacks. On the

15 one hand &i tTUBtBRBY edravbarle ohIRBIH RKE FlFEIethd S oiifdcE FMESREG t

get into thermOeeISoENBIREid EEEVLMed TRttHd§r@HddL AMenibeg Sur f ace of
the chip is %fﬁfSSIfle to the liquid sanple to be exam ned,. and prevent

t hereby obt hgit el FapfelPiede eI the PHIRRHOT Bty BEENSFOBE one

and the saneo¥apyveobl aek eNerbéonged ]l fPasudds Hifs ti shedd saegnbechiuvee of the
sane valve block to differfnt.$rocess chamber.s églsgg th%bproblem
S S
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|2§ a seriousanabgtad) ebin %mﬁ@ﬂmhﬂ@@@&aﬁnrﬁj@ mhifi:emetmg reliable
test res [ o e,V e e qg..to :
concentrati (L)gnd% t%g%iga%g%e}%%r%dr%%%%s%ﬁ#gthf %urrc{cheesg %E‘raa egcklnvx/ni ch
negativel y affwiotss tpreoceds abidps yaud ¢deh apartwiseon igfuidse steallds be

system Nbrq9¥ﬁé S i Vi rocessed in parallel,
a plurality o %g€%£%UI%§§€%%l€?%%%D ex é%%xﬁﬁ%$§$%¥g expensi ve val ve

block ilPrequired in order to supply the liquid sanples to be tested to
the cartri d%’?-kWi&f FHE dNVENTd VS35 Andiid Han1@ afs Iippiaeanticon is
to provide a nmethod of the above nentioned kind WhIChv%ﬁ%%I%ﬁ%cinwhich
efficient mggqmp¥ﬁcess chamber of the cartridge via a
is connected by a conduit to an inlet port of the cartridge.
This prior art arrangement has two serious drawbacks. On the
15 one hand air bubbles in the wvalve block and/or the
connecting conduit get into the process chamber, prevent
that the entire active surface of the chip is accessible to
the liquid sample to be examined, and prevent thereby
obtaining reliable test results. On the other hand use of
20 one and the same valve block over longer periods of time and
connection of the same valve block to different process
chambers raises the problem of contamination by carry-over
of the liguid samples to be tested, and this is a serious
obstacle in a process having as main aim obtaining reliable
25 test results. Clogging of the valves due e.g. to high salt
concentration of liquids being processed is a further
drawback which negatively affects the reliability of the
operation of the analysis system. Moreover when several
cartridges have to be processed in parallel, a plurality of
30 conduits and a complex and therefore expensive valve block
is required in order to supply the ligquid samples to be

tested to the cartridges.

SUMMARY OF THE INVENTION
35
A first aim of the invention is to provide a method of the

above mentioned kind which provides an efficient mixing of



-5 theliquid sanple with the reactants on the active surface of the
chip shaped carrier. According to a first aspect of the invention this aim
is achieved by neans of a nethod defined by claiml. 5 A second aimof the
invention is to provide a systemof the above nentioned kind which nmakes
possible to performa nethod according to the invention at | ow cost.
According to a second aspect of the invemtion this aimis achieved by 10
means of a systemdefined by claim5. Athird aimof the inventionis to

id [ fth ti d ki nd which k I bl
o per for m et hOU. S BBTB Rg E 6™ HES | FOENL PO 27 | THF OSSP ARAE 1 n

15 addi tion f | 'viae @hipnphepedr eavvitr of Atcand thd rom 4 hei Feacidputyassel
and thereby fxomthe, ptaogess: chanber where t chip_ shaped carrier is
| ocat ed. According ?%P%B{Eh?r?%ig %g:ge%‘? %&h%%\éeﬁ?ﬁ?ﬁéﬁ?%)%??t i P a{?erﬁ}?%c{ achi eved
by means of firedtbvnclessel.defined by claim9. 20 The main advant ages
provi ded Py the invention are as follows: - The shape of the process
chanber within the reaction vessel nakes possible to achieve a very

efficient 25 nfSTPRAeriBcel ebleq iieentshen |v3 whippsoarde s ey streh tdfi $he
advant age I saisvalfed Lon8ant Ll s BeCRNSS (IS LIPSy AT A PgOTt 1 cal
avora ecf rt

configuration and.di nensions which are nore I's” pur pose
than those StEHIPdracerTdrantRr e Fgventionipd ot qast .pRosessiclsartser

Within the reasidamd ¥gsset endideiwdatione oS tH4en of 8 LAl rhaped
carrier t hi n_t hat_chanber rraéeeffosm ble to renove alnost entirel'y liquid

cont ai ned i MTHE ThahbeySHEH ned by claim 5.

A third aim of the invention is to provide a reaction vessel
of the above mentioned kind which makes possible to perform
@ method according to the invention at low cost and which in

15 addition allows a complete removal of liquid from the
reaction vessel and thereby from the process chamber where
the chip shaped carrier is located. According to a third
aspect of the invention this aim is achieved by means of a
reaction vessel defined by claim 9.

20

The main advantages provided by the invention are as
follows:
- The shape of the process chamber within the reaction
vessel makes possible to achieve a very efficient

25 mixing effect even when smaller chips are used and this
advantage is attained in particular because the chamber
has a geometrical configuration and dimensions which
are more favorable for this purpose than those of prior
art chambers.

30 - The shape of the process chamber within the reaction
vessel and the relative position of the chip shaped
carrier within that chamber make possible to remove
almost entirely liquid contained in that chamber and
thereby satisfy high requirements in this respect.

35 - Since the all liquids required for performing the
analysis methods are provided to the process chamber or

removed therefrom by respective pipetting operations,



thereby satisfy high requirenents in this respect. 35 - Since the al
liquids required for performng the analysis nethods are provided to the
process chanber or renoved therefrom by respective pipetting operations, -
6 the above-nentioned drawbacks related to the use of valve blocks are

el i mnated. BRI EF DESCRI PTI ON OF THE DRAWNGS 5 The subject invention wl|
now be described in terns of its preferred enbodinents with reference to

t he acconpanying drawi ngs. These enbodi nents are set forth to aid the
under st andi ng of tﬂe i pvention, but are not to be construed 10 as
limting. Fig. 1 S QVBéW§B§éPP§@ dravperka Feblrtsdntoeklke|uag of
according to the vaveat bobckd Erg. e2ighp¥sed. perspective expl oded vi ew of
the reaction vessel 11 shown by Fig. 1. Fig. 3 shows a top view of the
reaction vessel 11 shown by Fig. 1. 20 Fig. 4 shows a front view of the
reacti on vesBRIERIDESORMPTDHYNFOP. THE BRWIBGShows a cross-sectional front
view of the reaction 25 vessel 11 along line A-Ain Fig. 3. Fig. 6 shows a
cross-sectional front view of the reaction vessel 11 along line B-B in
Fig. 3. 30 Fllge Fubhews anvensseseeilbnabwsheledosenindéd the teacd ioh itessel

11 along |i g%gﬁ' 4 Fl ; - Fl . SO, S | O top view of the

reaction vggge ﬁgal %ﬂ%"?fﬂ‘gﬁ% Défﬁﬂ%f%gﬁgé "F?Sﬁ%ég %ﬁ%c\)/\rfs‘p%nylng

cross-sect i ociEdwbegs onTheewy ofbefitments are set forth to aid the
understanding of the invention, but are not to be construed

10 as limiting.

Fig. 1 shows a perspective view of a reaction vessel 11

according to the invention

15 Fig. 2 shows a perspective exploded view of the reaction

vessel 11 shown by Fig. 1.

Fig. 3 shows a top view of the reaction vessel 11 shown
by Fig. 1.

20
Fig. 4 shows a front view of the reaction vessel 11 shown
by Fig. 1.
Fig. 5 shows a cross-sectional front view of the reaction

25 wvessel 11 along line A-A in Fig. 3.

Fig. 6 shows a cross-sectional front view of the reaction

vessel 11 alcng line B-B in Fig. 3.

30 Fig. 7 shows a cross-sectional side view of the reaction

vessel 11 along line C-C in Fig. 4.

Fig. 8 shows a cross-sectional top view of the reaction
vessel 11 along line D-D in Fig. 4.

35
Fig. 9 shows a creoss-sectional bottom view cof the

reaction vessel 11 alcng line E-E in Fig. 4.



reaction vessel 11 along line E-Ein Fig. 4. - 7 Fig. 10 shows a
cross-sectional side view of the reaction vessel 11 along line F-F in Fig.
4. 5 Fig. 11 shows a cross-sectional, exploded view of neans used
according to the invention for nmounting a chip shaped carrier 21 in a side
wal |l 16 of a reaction vessel 11. Fig. 12 shows a cross-sectional view of
the means 10 represented in Fig. 11 after they are assenbled according to
the invention. Fig. 13 shows a cross-sectional, exploded view of neans

used according to the invention for nounting a chip shaped 15 carrier 21 in
a side wall 16 of a reaction vessel 11. Fig. 14 shows the sane as Fig. 13,
but with a chig- iLAsersbhdwand enesgyssouiorsl 2818egviddb shovBeareaction

cross-sectiopakg¥i ey ok kh Sp_pepresented in Fig. 13 after chip shaped
carrier 21 has been nnuntgdﬂ?%@an?dgﬁmg? "1 Fig. 16 shows a top view of

the reaction vessel 11 shown 25 by Fig. 1 and a vessel holder 71 as mell

as an exanpl pigl #1trabBOarY 000 LbecIsAEt | ODYESSEl 1oL, achigving @

m xi ng effect Flg shows a cross-sectional Vi ew 0
30 vessel 1198¢ %?0F61P99t07tbatl@ﬁ@mslpn &ddi mpont angap 8Mipfshapedsi ng

vessel 11. Ft@rrﬂ@rstM@naapgi@@eﬁényelyléﬁleré SEiBReeeQEeiOgl
interacting with a cap 51 of reaction vessel 17 renovi ng 35 that cap

fromthe vessel, closing the vessel and/or transportlng the cap and/or the

reaction vesBey. F2g. dRowdonsciroder SRECidyEl WEW A aid apspt device 61
f or trang normal to each

other . 58 g e SHHEET i RoF LBect ] VRFESBI TRt ¥ i B TISS HPRARALRS o

the invention.

Fig. 13 shows a cross-sectional, exploded view of means
used according to the invention for mounting a chip shaped

15 carrier 21 in a side wall 16 of a reaction vessel 11.

Fig. 14 shows the same as Fig. 13, but with a chip
inserted and energy sources

20 Fig. 15 shows a cross-sectional view of the means

represented in Fig. 13 after chip shaped carrier 21 has been
mounted in a side wall 16.

Fig. 16 shows a top view of the reaction vessel 11 shown
25 Dby Fig. 1 and a vessel holder 71 as well as an example of a

trajectory 72 of the reaction vessel for achieving a mixing
effect.

Fig. 17 shows a cross-sectional side view of the reaction
30 wvessel 11 similar te Fig. 7 but shows in addition a cap 51

for closing vessel 11.

Fig. 18 shows a perspective view of a gripper 62 for
interacting with a cap 51 of reaction vessel 11 for removing
35 that cap from the vessel, closing the vessel and/or

transporting the cap and/or the reaction vessel.




of gripper 62 in Figures 18 and 19. Fig. 21 shows a preferred enbodi nent of
vessel 11 shown by Figures 1 to 10. 10 REFERENCE NUMERALS | N DRAW NGS 11
reaction vessel 12 tubular body 15 13 bottomwall 14 upper opening is
side wall 16 side wall 17 process chanber 20 18 transparent zone of side
wall 15 19 thermal interface 20 21 chip _shaped carrier 22 active surface
of chip shaped carrier 25 23 outer surfac@ of carrier 21 opposite to active
surface 22 24 wall 25 barcode |abel 26 inner surface of side wall 16 30

27 outer sugﬂace 0 Shﬂf wal | 16 28 29 30 31fopenin i n gige wal | iG 35
32 cavity 33 bt tbhin sditlce BLRINE S Faded #*a8 o&eﬁirﬁg*sger eSFVAGSt Pane
37 gap for transporting gripper 62 in three directions X, Y, 2

ncrmal to each other.

5 Fig. 20 shows a perspective exploded view of the components

of gripper 62 in Figures 18 and 19.

Fig. 21 shows a preferred embodiment of vessel 11 shown by
Figures 1 to 10.
10

REFERENCE NUMERALS IN DRAWINGS

11 reaction vessel
12 tubular body
15 13 bottom wall
14 upper opening
15 side wall
16 side wall
17 process chamber
20 18 transparent zone of side wall 15
19 thermal interface
20
21 chip shaped carrier
22 active surface of chip shaped carrier
25 23 outer surface of carrier 21 opposite to active surface
22
24 wall
25 barcode label
26 inner surface of side wall 18
30 27 outer surface of side wall 16
28
28
30
31 opening in side wall 16
35 32 cavity
33 bottom surface



5 38 cavity 39 locking frame 40 41 liquid 42 free surface of liquid 10 43
44 45 46 47 15 48 cavity 49 cavity 50 joint clearance 51 cap 52 20 53
bottom surface 54 wall surface 55 opening 56 hotnelt material 57 edge of

chip shaped carrier 21 25 58 59 inner surface of hotnelt material |ayer

60 |l aser light 61 transport nmechanism 62 gripper 30 63 pin at end part of

gripper 62 64 annular recess in cap 51 6% annular recess in cap 51 66 67

35 68 69 70
34 wall surface
35 opening
36 sealing frame
37 gap
5 38 cavity
39 locking frame
40
41 ligquid
42 free surface of liquid
10 43
44
45
46
47
15 48 cavity
49 cavity
50 joint clearance
51 cap
52
20 53 bottom surface
54 wall surface
55 opening
56 hotmelt material
57 edge of chip shaped carrier 21
25 58 ‘
58 inner surface of hotmelt material layer
60 laser light
61 transport mechanism
2 gripper
30 63 pin at end part of gripper 62
64 annular recess in cap 51
65 annular recess in cap 51
66
67
35 68
69
70



- 10 71 vessel holder 72 trajectory of vessel holder 73 74

el ectro-optical neasuring device 5 75 electro-optical neasuring device
DETAI LED DESCRI PTI ON OF PREFERRED EXAMPLES 10 EXAMPLE OF A REACTI ON VESSEL
ACCORDI NG TO THE | NVENTI ON As shown by Figures 1-10 and 21 a reaction
vessel 11 according to the invention con?rises a tubul ar body 12 which
has a bottomwall 13, an upper opening 14+8nd side walls 15 15 16 which
extend between bottomwall 13 and upper opening 14. Bottomwall 13 and
side walls 151 16 forngaagi cess chanber 17 for receiving a liquid 41 to
be processed’*Thi $5FFfui 9°+€%%e. g. a liquid sanple to be anal yzed or other
liquids used72n vasijeusosyeps véstbE AdBlysi S process. In a preferred 20
enbodi nment spgmm by Fig. 21, vessel conprises a wall 24 and a barcode

| abel 25 attathed to wall 24 carries information relevant for the
processi ng of4l i qalecdto-bpt toal rasishoipgidevidd process chanmbers for
carrying gut,.25 gimlar processes, liquid 41 can only be introduced into
and rennv%d ?%on1%%%%e§% ARahbat ﬁ%a?%gﬁﬁﬁﬁﬁ?ﬁgyﬁpper opening 14 of
tubul ar body 12. Reaction vessel 11 further conprises a chip shaped carrier
30 21 which has an active surface 22 forned by an array of biol ogi cal
polynmers. Active surface 22 is accessible to a liquid 41 contained in
process chanPEFAIZED REHCROAPEON QEBrPREFERRED SEXAMRUER] i n an opening 31 of
a side wall 16 of tubular body 12 or on the inner surface of side wall 16
or 35 in arecess formed in the inner surface of side wall 16. This
particulB? |BEEMPHBR OF &hRERGTHONERSIER ACC@RDING TRIVEHE JGBHRNT It ause it
allows renmoving entirely any liquid - 11

As shown by Figures 1-10 and 21 a reaction vessel 11
according to the invention comprises a tubular body 12 which
has a bottom wall 13, an upper cpening 14 and side walls 15,

15 16 which extend between bottom wall 13 and upper opening 14.
Bottom wall 13 and side walls 15, 16 form a process chamber
17 for receiving a liquid 41 to ke processed. This liquid is
e.g. a liquid sample to be analyzed or other liguids used in
various steps of the analysis process. In a preferred

20 embodiment shown by Fig. 21, vessel comprises a wall 24 and
a barcode label 25 attached to wall 24 carries information

relevant for the processing of liguid 41.

In contrast to prior art process chambers for carrying out

25 sgimilar processes, ligquid 41 can only be introduced into and
removed from process chamber 17 through the upper opening 14
of tubular body 12.

Reaction vessel 11 further comprises a chip shaped carrier

30 21 which has an active surface 22 formed by an array of
biclogical polymers. Active surface 22 is accessible to a
liguid 41 contained in process chamber 17. Chip shaped
carrier 21 is located in an opening 31 of a side wall 16 of
tubular body 12 or on the inner surface of side wall 16 or

35 in a recess formed in the inner surface of side wall 16.
This particular location of the chip shaped carrier is

advantageous because it allows removing entirely any liquid



contained in reaction vessel by a sinple pipetting operation during which

a pipetting tipis inserted into the vessel wuntil it practically touches
the bottom of the vessel. Since the chip shaped carrier and the active
surface thereof are 5 not at all in the travel path of the pipetting tip

this tip cannot cause any damage of the ﬁ tive surface of the chip shaped
carrier. Two exanples of neans for nounti 3 chip shaped carrier 21 in 10
an opening 31 of a side wall of vessel 11 are described below. In a

preferred e i t r_b 1 f reaction _vessel 11 is_so.
confi gur ed g?%qgggg%gigﬁegggggﬁoﬁr%%é%gg1§Ycﬁaﬁﬁ@P?37p?ge§HbB?eap?5a$%%%ive
a predet erni lediagowhichf a pbigektinag thd thainskenegr buesstbhanbesell 7
contains a pgedet ' i gui 1 i s at S e Ls

air space between ?Egb %ggaggg?gqggﬂéhgg ?Ré ??Qg?ﬁ ﬂi %%% $%%%§i'o%%%$%g
14 and the ehbPr&hipr shepedf cacriee sudfbbe 20tPoei surfacentleteof tawre he

| i qui d 41sconbai gedah o] S 7l ogh . 1 he
chi p shaped carri er 2? ?g Eﬁ%cgfggég?ﬁgtﬂr%gegggn?%géggéggaﬁc ?*%%1 ﬂ%
bottom wal | $3DD8taR@ufFoRitipperaepenf nghe4aetivabsmufaepdyt 10he |ghip
preferred enbrdpaBntatReeehi p shaped carrier 21 is transparent and thereby
enabl es performng el ectro-optical neasurenents of the active surface 22
of chip shaped carrier 30 21. In a preferred enbodi nment tubul ar body 12

has a side wakb dBampdest o BEbEEaRbi ahbint Mnd 8681 P shdlee @Chd M3 SIrd e 22

of chip, shaped carrier_21 and side 15 has transparent 35 zone 18
whi ch eng Iegnpgp?giﬁﬁna%e?gc?r%4&%t¥gti O hesRRT 59%% RETHEYe
surface 22 dbetbwp shaped carrier 21. - 12

In a preferred embodiment the tubular body 12 of reaction
vessel 11 is so configured and dimensioned that process

15 chamber 17 is adapted to receive a predetermined amount of
liquid 41 and that when process chamber 17 contains a
predetermined amount of liguid 41 and is at rest there is an
air space between the free surface 42 of the liquid 41 and
upper opening 14 and the entire surface of active surface 22

20 is in contact with the liquid 41 contained in process
chamber 17.

In a preferred embodiment the chip shaped carrier 21 is
located at a predetermined distance from the bottom wall 13
25 and from upper cpening 14 of tubular body 12.

In a preferred embodiment the chip shaped carrier 21 is

transparent and thereby enables performing electro-optical

measurements of the active surface 22 of chip shaped carrier
30 21.

In a preferred embodiment tubular body 12 has a side wall 15
located substantially in face of the active surface 22 of
chip shaped carrier 21 and side wall 15 has a transparent

35 zone 18 which enables performing electro-optical
measurements of the active surface 22 of chip shaped carrier
21.




In a preferred enbodi ment tubular body 12 conprises a thermal interface 19
adapted to be put in contact with a heat transfer el enent |ocated outside
of reaction vessel 11. 5 Thermal interface 19 thereby enabl es heati ng and
cooling of the contents of reaction vessel 11 by neans of the heat
transfer elenment. Thermal interface 19 is preferably a zone of a side wall
15 of tubular body 12. 10 In a preferred égbodinent chip shaped carrier 21
is located in an opening 31 of one of a side wall 16 of tubular body 12
and has an outer surface 23 which is adapted to be contacted by a heat
transfer elenent |ocated outside of the vessel 11. 15 Tubul ar body 12 is

nmade e. g. byInnheptbﬁérﬁéﬁdbﬂﬂoaﬁméntp£§-§u1§rnﬁé@§5'?i Soth 2t s fOr
sati sfying og%the ne hand the Srnal requi renents of the process to be

carried out angd*Bi tHESHLAEFR Hana ?HEe@pF?c%? Plut? FRIMACH o1 1 1%wi ng
el ectro- optilkeht neastseaeneSe@mént heoast td eosts { @ eofl 2r fc 2o hig sshapad

carrier . ef nt rocess chanber, 17 has an .nner
wrdth ) arger TOREREL ARRPFPRRE 0f BECT Rk SRESIRR et Ui Qe (Rt Sessel
11 over mhichhéheoaténve sﬁrfaeet?@noﬁeéﬁ@l 25 ohimeatapefd e Heart 21

ext ends. r di t r_po 1s so confi ured and

di nensi oned ?EQIESE%%cggg%%ﬁgnngg | s a ap%) %é/t%f Teddi Ve w ecf‘etzéjrnr% ned
anount of |iguid aid&hwehllRQSOfntabGDarahgéygbing from10 to 800
mcroliters. In a preferred enbodi nent tubular body 12 is so configured

and di nensi oned that process chanber 17 has approximately the shape of a
cuboi d Wi nfP s¢ desef ergefseihpéhmane eaipl sEped GIrriRy shnel Driderated

nagni t ude. Tﬂataﬁu@@eﬂlh@sw gf 8neSbfesl 1@t hyof1 oW I yRdldeicely an
| arger than 3 mllineter Thlsﬁgéﬁge of rocess chanmber 17 distinguishes -

13 it fromPForaaren pPBE.EsFH BArdiich B8 AGARERA pift R gontacte

by a heat transfer element located outside of the vessel 11.

15 Tubular bedy 12 is made e.g. by injection molding of a
plastic material suitable for satisfying on the one hand the
thermal requirements of the process to be carried out and on
the other hand the optical requirements for allowing
electro-optical measurements of the active surface 12 of

20 chip shaped carrier 21.

In a preferred embodiment process chamber 17 has an inner
width larger than 1.5 millimeter at least in the region of
reaction vessel 11 over which the active surface 22 of the

25 chip shaped carrier 21 extends.

In a preferred embodiment tubular body 12 is so cconfigured
and dimensioned that process chamber 17 is adapted to
receive a predetermined amount of liguid 41 which lies in a

30 range going from 10 to 800 microliters.

In a preferred embodiment tubular body 12 is so ccenfigured
and dimensioned that process chamber 17 has approximately
the shape of a cuboid having sides lengths which are equal

25 or of the same order of magnitude. That cubcid has e.g. a
side length of about 3 millimeter or larger than 3

millimeter. This shape of process chamber 17 distinguishes



and is particularly advantageous because it allows performng a very
effective vortex mxing. 5 1n a preferred enbodi nent the active surface 22
of chip shaped carrier 21 has the shape of a square and the side |ength
of this square lies in a range going from2 to 10 mllinmeter. 10 In a
preferred enbodi nent shown by Fig. 17 reagtion vessel 11 further conprises
a cap 51 for closing upper opening 14 of tubular body 12, and cap 51 is a
renovabl e cl osure of opening 14. 15 In a preferred embodi ment cap 51 is so

confi gured apg fﬂmeﬁﬁh@EegrEhﬁ%o@egéﬁﬁgtQﬁéﬁﬂerésf@%ta £Hérr#%§§J§Ee

adapted to co gerate W th a per of a transport nec ani s
Cooper ati on Yt the BrFbper Bﬁlanﬂdtﬂ@téaﬁoBi bepribsesitadbe¥s c transport

of the vesseatedflohyingaasvetry 20f&eans@ovbriEghank sy 61. FI RST EXAVPLE OF
VEANS FOR MOUNTI NG A CH P SHAPED CARRIER 21 1 N AN OPENI NG OF A SI DE WALL

OF REACTI ON VESSEL 11 25 Figures 11 and 12 show a portion of side wall 16
into which Inchiprsfapedd canbbo@im@it i Shé nsefiwd s Bropenidly Gl side

wal | 16. Th Xi arrier 21 in openin 31 descr.i bed

her ei nafter pr g@ de ég@ %ur%9 ﬁ A GAS-FRYRE Oton vidkh 348 chi p

shaped carr |3€c‘rngam’d @f dtehml $qusre 3Didheifixi mg@tgmdqgarﬁ:kdmws:cdasrrl bed

herernafter {ﬁg%%k on the nethod and nmeans described in U S. Patent
mnt

Application i cation nunber US 2002/0019044 Al the contents of
which is incorporated herein by reference. 35 As can be appreciated from

Fi g LLasi depal podbr Sase AN me SUT {5, 35, ARt OULPT AU A5e 2l And

openi ng 31 defrnes a first cavrty ei'vimg a chrp shape carrrer
21 and a - P4 SECOME cRTRYLSBS vihi G3P {2k b hel dsitng iumpest quregdess dhanber

17 within resCtduuMes®bdy1i2, and cap 51 is a removable closure of
cpening 14.

15 1In a preferred embodiment cap 51 is so configured and
dimensioned that a part thereof is a transport interface
adapted to cooperate with a gripper 62 of a transport
mechanism 61. Cooperation of the gripper 62 and the cap 51

. enables automatic transport of the vessel 11 by means of

20 transport mechanism 61.

FIRST EXAMPLE OF MEANS FOR MOUNTING A CHIP SHAPED CARRIER 21
IN AN OPENING OF A SIDE WALL OF REACTION VESSEL 11

25 Figures 11 and 12 show a portion of side wall 16 into which
a chip shaped carrier 21 is inserted in an opening 31 of
side wall 16. The means for fixing carrier 21 in opening 31
described hereinafter provide a liguid- and gas-tight
connection between the chip shaped carrier and side wall 16.

30 The fixing method and means described hereinafter are based
on the method and means described in U.S. Patent Applicaticn
with publication number US 2002/0019044 Al the contents of
which is incorporated herein by reference.

35 As can be appreciated from Fig. 11, sidewzll 16 has an inner
surface 26 and outer surface 27, and opening 31 defines a

first cavity 22 for receiving a chip shaped carrier 21 and a



The part of cavity 32, which as shown in Fig. 12 lies 5 between chip shaped
carrier 21 and the plane defined by outer surface 27, defines the nuneric
aperture available for em ssion of fluorescence light. This aperture
defines the optical accessibility of the chip which has to be guaranteed
for a reading out. 10 Chip 21 is e.g. nmade of glass, has a thickness of

e.g. 0.7 or 1.0 nillimeter, and has subst¥ntially the shape of a square.
Since the size of chip 21 has a relatively high tolerance of e.g. 0.0762
mllineter, in th% enbodi ment 15 descri bed, hereinafter the space avai] abl e
in cavity 325FG6P0C EEYMIYng SaM i SositBCESi g Schnp 2 ionasarEeFrEspeRarRg”
joint clearanceitkavi t¢ald? ibas vaskleat 1ar. substantially flat bottom surface
33 20 and inclined side wall surfaces 34 which extend between outer
surface 27 of side wall 16 and bottom surface 33. Each of the inclined
side wal | sufhacpsr84cfforawiay gbtuseiahgke shiowh hat Fom. supfaces33. Bottom

surface 33 h an_openi.ng_35 i_.ch_opens.int cond_cavi,ty.38.. 25 As can
be apprec?atggtrﬁeBaF ﬁguﬁgﬁnggﬁFEFé Fe?llfn ngngPQFHFsdgﬁﬁBSPnéﬁt of fers
t he advant ageuthat sutrfakko®s, desemneisonhef nohiepishapedtoaer agnildblat borts

position in efﬁ%&b%x@ £ Egﬂb&%@.c%%%' ﬂg Bft.r%?%! 8?&9%%8' d%%i 39 fynsealing
frame 36, which I's made of a conpressi Pe" "materi a , I s par of ~si de wal |
16 and is coRReéred recbestibmlisyr Pdcehe3chbiircanicy Bas A hepguireneded
embodi ment, $gal kNgefraRE 36 .is forned onto bottom surface 33 by an
injection 35 nol ding procCess. |In another enbodi nent sealing frame 36 is
bound byl2dherence to bottom surface 33. - 15

Chip 21 is e.g. made of glass, has a thickness of e.g. 0.7
or 1.0 millimeter, and has substantially the shape of a
square. Since the sgize of chip 21 has a relatively high
tolerance of e.g. 0.0762 millimeter, in the embodiment

15 described hereinafter the space available in cavity 32 for
receiving and positioning chip 21 has a corresponding joint

clearance.

Cavity 32 has a flat or substantially flat bottom surface 33

20 and inclined side wall surfaces 34 which extend between
outer surface 27 of side wall 16 and bottom surface 33. Each
of the inclined side wall surfaces 34 forms an cbtuse angle
with bottom surface 33. Bottom surface 33 has an opening 35
which opens into second cavity 38.

25
As can be appreciated in particular from Figures 11 and 12
this embodiment offers the advantage that it allows
incertion of chip shaped carriex 21 into its position in
cavity 32 from the cutside of reaction vessel 11.

30
A sealing frame 36, which is made of a compressible
material, is part of side wall 16 and is connected tc bottom
surface 33 of cavity 32. In a preferred embodiment, sealing
frame 36 is formed onto bottom surface 33 by an injection

35 molding process. In another embodiment sealing frame 36 is

bound by adherence to bottom surface 33.



|
A locking frane 39 represented in Fig. 11 is used for tightly connecting

chip shaped carrier 21 to side wall 16. The cross-section of |ocking frame
39 is wedge-shaped. In a preferred enbodiment, locking frame 39 is apt to

be bound to 5 side wall 16 by a wel ding process. As can be appreciated from
Figures 11 and 12, chip 21 is positiongqﬁgn_cavity 32 of side wall 16. 10

As can be appreciated fromFig. 12, the shape and di nensions of cavity 32,
chip 21, sealing frame 36, |ocking frame 39 and opening 35 of bottom

surface 33 of tauidng 3Zrahe $9 r&hasemddati i 25 f s JJdp e space
delimted by sealing franme 36, and a gap_ 3/ exiIsts 1betwee'n sealing frane
36 and 15 t He9HY g el Mhl ghidqurshanes 3pwfigy Xt teadide 3m1land -

| ocking framhe3%rdcss!deittlon o dRickiR) faha3ho BW JREd NG addBme 3% 1 S
exerted onn |l ocking frane 39

however inseg&g?lef%pto %P‘37 by a pressure

agai nst si d&®Wa9T 6 ef'ﬁ%‘l 15T s Uk Kl d e i ries SiRvn t6F BedI9uig Cane
36 and a 520 sdeler esdndiandypressdlrd ran praddesd.ant i al part of the outer
surface of the lateral periphery of chip 21. The latter outer surface is
in contact wwth sealing frane 36, In a preferred enbodi nent, side wall 16
and | ocki ngAs sz 3@ e armde fofora Figuate spliastand met,erchdlp, 2a. ds a

pol ypropyl e PR) ycar. te (PQ). or acrylanitrile butadi ene
styrene (ABQ%Sg'r? déleegq P%Jg Cf%rqé%&ngag iosfpnsw)s‘iL & gfa(\l& slg;?:'ond pl astic material,
e.g. a thernoplastic elastoner, which is softer than the first plastic

mat eri ahg 3QASGARDG i Scﬁgﬁjt%?ﬁgxfdfnp.@ig.g'uj;zth% R0 noR i e 34 orlsOF 1T

a w ndow whi ch provide optic access to Re "active surtace of
chi p shaped®farc@ivéit 282 .35 1A9 @dn Iseadppge diramed 3fr ohorkg ngl L rapge 38bove
described @RSl rdf BACRHIMNB R 2htracy 48 Wl lcalf thake it-ePegsible -
16 chosen that chip 21 fits into the space delimited by sealing
frame 36, and a gap 37 exists between sealing frame 36 and
15 the inclined side wall surfaces 34 of first cavity 32, and
locking frame 39 is slightly larger than gap 37, but locking
frame 39 is however insertable into gap 37 by a pressure
exerted on locking frame 39 against side wall 16. That
pressure causes a compression of sealing frame 36 and a
20 corresponding pressure on a substantial part of the outer
surface of the lateral periphery of chip 21. The latter

outer surface is in contact with sealing frame 36.

In a preferred embodiment, side wall 16 and locking frame 39
25 are made of a first plastic material, e.g. a polypropylene
(PP), a polycarbonate (PC) or acrylonitrile butadiene
styrene (ABS) and sealing frame 36 is made of a second
plastic materiel, e.g. a thermoplastic elastomer, which is

softer than the first plastic material.

As can be appreciated from Fig. 12, a part of cavity 32
forms a window which provides visual and optical access to

the active surface of chip shaped carrier 21.

35 As can be appreciated from Fig. 12, the above described
means for attaching chip 21 to side wall 16 make it possible



i
to mount chip 21 so that it is nearly coplanar with the side of side wall
16 which faces process chanber 17. Since the chip is only held by friction
forces, a mnimum 5 chip contact force of 5N has been defined to ensure
proper operation, and in particular to ensure that the chip nounting
remain liquid-tight up to an overpressure of 300 mllibar. 10 SECOND
EXAMPLE OF MEANS FOR MOUNTI NG A CH P SHAPED CARRI ER 21 I N AN OPENI NG OF A
SI DE WALL OF REACTION VESSEL 11 Figures 13, 14 and 15 shOM/adportion of
side wall 16.pn i.ch _a.chi aped _carrier 21 is inserted in an opening
31 15 of sidgbmg?Pn 6F%+Re2§e5§s%$8 fExitAgNEGF Y eFOPIaNAT o RINghe3gide
descri bed hepéi safieewapiovbdehdchi duicds ppécgas- thaghberconnecti on bet ween
the chip shaped carrier and side wall 16. The fixing nmethod and neans
described hereinafter are based on the nethod and neans described in
Eur opean Pat éhficg0thgpthént ienoNdy ﬁé&d?EﬁBfﬁiandoﬂ.Sgrﬁaéenh g@ﬁimﬁﬁtlon
No. 10/ 285, t e f Egh e, L. ncorpor at erein_by
referenceg Agﬁggngggegggrgé?gge8¥??§n9%%gbe§§,d§?538§aFP $BSHAS BhCBST out er
surface 27 afESTAR&PRsuprfdcén2parhifiilsr tavehyusd8 €bat thkeetkipg a chip

shaped carrigbuRdiAgdrang€aONdoGRMLEYoAR u§h£8haﬁ059§r L Ddow pE oyl ging
vi sual and qgti§g£ﬂgccess to gaid fi?st cavity 48 and8¥%%regy.$o ?%g
active surfate ?f- chip shaped carrier 21. 30 Typically, chip 21 i's nmade
of glass, has a thickness of 0.7 or 1.0 mllinmeter, and has substantially
t he shapge, of . E%n the size of chip 21 has a relatively high
di mensi gﬁ%l ?%?%@gn%ag? és %EM%ZF%IM?%T&TG& FhRt P %Elan@%ﬁ“ﬂﬁgn, in
the enbodi nedl TESANi GRENINEeOPakt SIDE eASpacR RENCTIGW! eESSELayity 48 for
receiving and positioning chip 21 has a correspondi ng joint clearance 50.
Figures 13, 14 and 15 show a portion of side wall 16 into
which a chip shaped carrier 21 is inserted in an opening 31
15 of side wall 16. The means for fixing carrier 21 in opening
31 described hereinafter provide a liguid- and gas-tight
connection between the chip shaped carrier and side wall 16.
The fixing method and means described hereinafter are based
on the method and means described in European Patent
20 Application No. 02077768.6 and U.S. Patent Application No.
10/205,734 the contents of which are incorporated herein by

reference.

As can be appreciated from Fig. 13, side wall 16 has an

25 outer surface 27 and inner surface 26, a first cavity 48 for
receiving a chip shaped carrier 21 and a second cavity 49
which forms a window providing visual and optical access to
said first cavity 48 and thereby to the active surface 22 of
chip shaped carrier 21.

30
Typically, chip 21 is made of glass, has a thickness of 0.7
or 1.0 millimeter, and has substantially the shape of a
square. Since the size of chip 21 has a relatively high
dimensional tolerance of e.g. 0.0762 millimeter of length

35 and width, in the embodiment described hereinafter the space
available in cavity 48 for receiving and positioning chip 21

has a corresponding joint clearance 50.



|
- 17 Cavity 48 has a flat bottomsurface 53 and side wall surfaces 54
whi ch extend between outer surface 27 of side wall 16 and bottom surface
53. As shown by Figures 13-15, a 5 layer of a solid sealing hotnelt
material 56 is arranged on side wall surfaces 54. The solid hotnelt is
fusible by heating, specifically by ircagikation with laser |ight, and
solidifies again when cooled. In order to facilitate the insertion of the
chip 21, the inner surfaces 59 of the 10 hotnelt material |ayer 56 nay be
inclined so that an opening tapering to the bottom surface 53 i s obtained.

For this pu Se, e _taperi caused by ipjection | ding of _this piece
may suffice.égglg%e£go??%n?st?gﬁc%°%§oﬂa%uﬁﬂgﬁ%eﬁ?ﬁﬁggéﬂﬂﬁcﬁﬁ%bens into
SeC_O[]_d ca\éi t yunbaces Eﬁmhéchg@xe@h?t?%lt&%@m cﬁht?w Ffu%ﬁa@%%ﬁf cétticpe gl is
posi tioned i Vity e_wa e is eat e
means of | as‘g?ffi igitalg(g %%E@%)]Heﬁuféa%e Stita ?e&]?‘?’r‘btﬁy oSS T ']tg'se‘%/
: i ght |52 i rb@??}iul@éq@lemiadil seabimg Wkt afatpef 1l 2 i\?r)tmarégemi _ﬁ]n al
ayer or e e 0 er r : e
heat ed hot ne??aS_G %ggo%ﬁe%%%ée% %%Ui%%n%oﬁ# Ir@é%rﬁéﬁlleéaraﬂaunsc@ 0 bet ween
wal | s 54 and¢deingigespdcifbcahly v . imdharign with dgdear ikisdst i reande
shape of thesgdos; j i hl.e i on
this process, nei tlﬁieeﬁé gfggﬁmgw%%%fj‘?ﬁf%‘? F%ée%%c?lydr %gjt}vs\fje%nl%#ég%éjo?ar}?e t 56
and the chi prRSRTtIRBtChthdeciont2br ythe tinner muhgsma &P tafattso

irregul aro tilescremel imdedLeidl S1dRaPatd Galy Std et nddirdhermAdvantaaas:
t he above t hod for fi)dl?% chip shapedycarri er inn side wall 16 are: r% a)

there is no TREHANZ O sthedPTHRBI SBLIGE &t dbt idHiaiged hdBord et ween
side wal | lwgbe peiRd tdpeoinid asdused &by injection molding of this

piece may suffice.

15 The bottom surface 53 has an opening 55 which opens into
second cavity 49.

As can be appreciated from Figures 13 and 14, chip 21 is
. positioned in cavity 48 of side wall 16. The hotmelt 56 is

20 heated by means of laser light 60 provided by a suitable
light source. The laser light is directed sequentially to a
number of points of hotmelt material layer 56 or
simultaneously to the whole hotmelt material layer 56. The
heated hotmelt 56 becomes then fluid and fills the clearance

25 50 between walls 54 and the edge of the chip 21. Cbviously,
irregularities in the shape of the edge of the chip 21 do
not have any sensible influence o¢n this process, neither on
the quality of the bond between the hotmelt 56 and the chip
21. Just on the contrary, it can be expected that

30 irregularities ameliorate its mechanical strength.

Further advantages of the above method for fixing chip

shaped carrier in side wall 16 are:

35  a) there is no mechaniczl stress involved in establishing

the bond between side wall 16 and chip 21 in contrast




I
to known devi ces where the chip is held by clanping neans; b) no adhesive
has to be adm nistered after positioning the chip, and the di sadvant age of
t he known adhesives 5 set forth in the introduction are avoided; c) the
chip may be inserted fromthe outer surface of side wall 16; d)
solidification of the hotnelt, i.e. the bondlng process, is a physical
process (phase transition), and 10 qui telfast; e) the hot nelt materi al
may preferably be chosen such that it retains pernanently a certain
elasticity; f) the hotnelt _ material does not jinpajr fluorescence

measurenents, i.e tﬂagn?ﬁﬂ/@?ﬂb?%%c%%%ﬁeai??v??§9a%s RSl G I3 1t ABRENY)

i ncreased Iife tlnmewnsh respect to conventional adhesives. In one

enbodi nment e follo material s were. used ass, Hotnelt
| ayer 56: Ecoﬂeltngl é&%%ﬁvfcﬁ??akg Bbn ?ﬂ%?lsﬁﬁfe%mﬁgk$5)pos %y
tenperature: 90 C ¢B:NB2O]11andASThe DBEAEPHR)Lagerkt nghé Sopenat adieedangs:

150- 180 25 typLgcal 0, n_ex erlnental verified that
t he chlpc$s safelyégﬁe#%réga}§:Eﬂanl%vﬁ?b?%%§ﬂ?e of %%% at 20 C, and

that no | eaRhge bbeurkipEvey hbe BESGIte@efxqmrmhau¢mBEEnﬂarfam£ S0 side
pressure for some @épytfg. Fig. 15 shows the fixed state of chip shaped
carrier 21 in a cross-sectional view Fig. 15 shows in particular that the
hotrmelt 56 f&]|s &plifelirehiancet 50he rioptmekt bot tom 185 Mendang be

appreci ated from RhguEess 1314 0a Iy s NeaPNARS-A (phase transition), and
10 guite fast;
e) the hot melt material may preferably be chosen such
that it retains permanently a certain elasticity;
f) the hotmelt material does not impair fluorescence
measurements, i.e. has low fluorescence activity at
15 633 nm; and
g} increased life time with respect to conventional

adhesives.

In one embodiment, the following materials were used:
20 e Chip 21: glass
¢ Hotmelt layer 56: Ecomelt Pl Ex318 (Collano Ebnéther
AG, Schweiz):
Softening temperature: 90 °C (DIN 52011; ASTM
D36/E28); working temperature range: 150-180 °C,
25 typically 160 °C;

It has been experimentally verified that the chip is safely
held against an overpressure of 500 mbar at 20 ¢C, and that
no leakage occurs. Even at 60 °(C, the joint withstands the

30 pressure for some minutes.

Fig. 15 shows the fixed state of chip shaped carrier 21 in a
cross-sectional view. Fig. 15 shows in particular that the
hotmelt 56 fills up the clearance 50 from the bottom.

35
As can be appreciated from Figures 13 to 15, the shape and

dimensions of cavity 48, chip 21, hotmelt layer 56 and




di nensions of cavity 48, chip 21, hotnelt ldyer 56 and - 19 opening 55 of
bottom surface 53 of cavity 48 are so chosen that chip shaped carrier 21
fits into the space delimted by hotnelt |ayer 56. 5 EXAMPLE OF A SYSTEM
ACCORDI NG TO THE | NVENTI ON According to the invention, a system for
processing a biological sanple contained |n a liquid conprises a reaction
10 vessel 11 of the type described above, 12 Vessel holder 71 for hol di ng
reaction vessel 11 and neans for noving vessel holder 71 and thereby

vessel 11 al Bﬂgnénargg%?rﬁb‘éﬁgm EL?EQ LOEY %E c%h&bﬁé‘r‘a{’% §oJeh S‘Qex?ho""”

by Fig. 16, for causing a relative nD fon o con alne

process 15 chBfbefhip Pﬁeﬁe§9§€@ero21hélaatnnéosuhéaﬁgaQQ @échnpedshmped
carrier 21. hatgég@rlggegcggeve trajectory 72 of vessel holder 71 the
system preferably conprises a vortexing nmotor (not shown) and suitable
mechani cal transm ssion neans. The path of trajectory 72 can differ from
the path 20 shown as exanple in Fig. 16 and can be any path suitable for

achi evi ng anEg£¥€§% ég ﬁlXIn effe As descri bed above, reaction vessel
11 conprises Ab%ﬁ? ﬁﬁ?eﬁDﬁ%E TO hBRE GFNVENTIGR  an upper
opening 14 and 25 side malls 15, 16 which extend between botton1ma|| 13 and

upper opening 14. Botton1 13 and side walls 1 16 form_ a process
chanmber 17 f8FCPEREPYihg & ?l MBI o BeSY D TRk PTIFRSHIGAd is e. g.
a liquid sanpieltgibel swabyeedontadhd@rihiful tiguid esbmpr Véds 0l Sr&d @pisorof

car ryi ngt out e SR et A °3F otle cBRE PRk AR CHBt VA DT T ORUGRE (o and

renoved fronf(ploh@b@lﬁ@a%ectiﬂntww 1 heanp preamp efvmgndving®Sredsdlubul ar

body 12. holder 71 and thereby vessel 11 along a predetermined
trajectory 72, which can be e.g. as shown by Fig. 16, for
causing a relative motion of liguid 41 contained in process

15 chamber 17 with respect to the active surface 22 of chip
shaped carrier 21. In order to achieve trajectory 72 of
vessel holder 71 the system preferably comprises a vortexing
motor (not shown) and suitable mechanical transmission
means. The path of trajectory 72 can differ from the path

20 shown as example in Fig. 16 and can be any path suitable for

achieving an effective mixing effect.

As described above, reaction vesgsel 11 comprises a tubular
body 12 which has a bottom wall 13, an upper opening 14 and
25 side walls 15, 16 which extend between bottom wall 13 and
upper opening 1l4. Bottom wall 13 and side walls 15, 16 form
a process chamber 17 for receiving a liquid 41 to be
processed. This liquid is e.g. a liguid sample to be
analyzed or other liguids used in various steps of the

30 analysis process.

In contrast to prior art process chambers for carrying out

similar processes, liquid 41 can only be introduced into and

removed from process chamber 17 through the upper opening 14
35 of tubular body 12.




- 20 Reaction vessel 11 further conprises a chip shaped carrier 21 which
has an active surface 22 fornmed by an array of biol ogical polyners. Active
surface 22 is accessible to a liquid 41 contained in process chanber 17.
Chip shaped 5 carrier 21 is located in an opening 31 of a side wall 16 of
tubul ar body 12 or on the inner surface of side wall 16 or in a recess
fornmed in the inner surface of side walT 486.7In a preferred enbodi nent the
system further conprises a 10 heat transfer elenent for heating and

cooling of the contents of reﬁcyo&vessel 11. The heat rans%er el.enent is
| ocat ed out sTERSHTCT MEEFREL T Hnt VB! AFRIMPSS Sddpie A D& Pt
contact wth2a whethehas nderdacevd Sswhliade 122 partmed byt Wllaadrabodf 12 of

reacti on vessel, 11. Thernmal interface 15 19.is ef.erably a .zane ,of _.a side
ey Y R S e B Rme P AR e e e B A e i

shaped carrikiquld 43 doukd aoed nianpopsyd ngelSintsdr 451 dhiwaldhai@df t ubul ar
20 body 1 out e C ed t ont.agt b at
transfer %I Zﬁ%ﬂfﬁ%% ed‘é' oiu?(g‘#{ eét%%%lﬁ% V%ngg %%l%genﬁlr%eﬁsssg'?gm
further conptilebam bedy 12 amsfer the ememr frorr frew iofg it owdlli dg o the
contents of 1he, £EALlL ORouESIeln Whe ThidlealyleRRS Tl & 11(AQt, shown)

is 25 |l ocat outside of t reaction vessel 11 and Is adapted to be put
in contact with the outer surface 23 of chip shaped carrier 21. In a

preferred empodi r@f}félh@eéyérﬁﬁéa{wmedhecg%ﬂé@%@théo RrftirdrOopt i cal

measuri ng devi ce for examning the active surface 22 through transparent
zone 18 Bf SHeRt ie¥dnabepreipment % Gttt £ARRE ¢fvitd¥E 75 for
exam ni ng t heoedhte o UrdReei A2 dd¥amIghl 18, TN Seaate nir a2 eife ofe I&niemts Haped

carrier 21.. Electro-optical suring device 74 respectijvely 45 i 5
e.g. a quor%ﬁﬁﬁ%ﬁé e 1 3 o f B LR Gedsel PG Y% adé%té% t%
be put in contact with a thermal interface 19 which is part
of tubular body 12 of reaction vessel 11. Thermal interface

15 19 is preferably a zone of a side wall 15 of tubular body

12.

In a preferred embodiment of the system, chip shaped carrier
21 is located in an opening 31 of a side wall 16 of tubular
20 body 12 and has an outer surface 23 adapted to be contacted
by a heat transfer element located outside the reaction
vessel 11, and the system further comprises a heat transfer
element for heating and cooling of the contents of the
reaction vessel 11. The heat transfer element (not shown) is
25 located cutside of the reaction vessel 11 and is adapted to
be put in contact with the outer surface 23 of chip shaped

carrier 21.

In a preferred embodiment the system further comprises an

30 electro-optical measuring device 74 for examining the active
surface 22 through transparent zone 18 of side wall 15 or an
electro-optical measuring device 75 for examining the active
surface 22 through a transparent zone of chip shaped carrier
21. Electro-optical measuring device 74 respectively 75 is

35 e.g. a flucrometer.



- 21 A preferred enbodi nent of the systemfurther conprises an automatic
pi petting device for effecting pipetting operations necessary to introduce
the necessary liquids into reaction vessel 11 or to renove |liquids from
the vessel. 5 Such automatic pipetting device may include transport neans
for bringing a pipetting tip to selected %Hpgtting posi tions. Such
transport nmeans may be of the type adapte for noving a pipetting tip in
three directions X, Y, Z which are nornal to each other. 10 A preferred

enbodi ment of b&@f%&%%%ﬂb&&khﬂ%&n%@%&r%ﬁ%s gstQ@iPﬁ?EhQ% 8§m§9§s&¥p§n3homﬂ
by Fig. 18 and _a transport nechanism 6l sﬁ wn by Fig. 19 for noving and
actuating gofPpPEALES PdPeétiost iryicsefor mbfecbinghpipettémiing 15

operations: opb@EBYbRAG AecteRsalyl EOMiArk8aGkEORhYeaselsddry-116R1AS DG &
removed cap 51 _into the ugger openi ng 14 a reaction vessel, - picking

O (] 3
up a cap 51 bFEETFEHCIVESTSYeddePTahl FRECVE0LigHEES ohrGBsERE YonfRtt ed
thereto abd buchgangobathcf pepedt ihgr abvResi hbPnihel 83S CELRHsPOSE thddns AS
shown by Figf %0 ghigper 62 _1i.s gg.con i,gur ed agd di. mrensi oned that the
| ower end paf?¥t R&FBEF1Ts 2aRAPPEEIRE 55Pcb8pErAEEt SR t MBS EbFP@spondi ng part

of cap 51 angdosokAvras.r éoohablreanepopeciheanst heyebetbf e thps pdEpose t he
end part of e L pper Ln_shaped.projections 63.that_enter nd
engage annul%%?rggggg saGEgﬁﬁgkéggrggge%Big%rﬁei l??@Fl?%% %ap%'c% %hiF%l

for form ng areonaswailohowkkch oahelbe 30 | ocked by rotating gripper 62 in
one sensggand unl ocked by rotating gripper 62 in the opposite sense.

Cooperation of the gripper 62 and the cap 51 thus enables automatic
transport ofAtREe{exzed embpdimeansobf theangpben Fetther spemprises a

gripper 62 of the type shown by Fig. 18 and a transport
mechanism 61 shown by Fig. 19 for moving and actuating
gripper 62 for effecting one or more of the following
15 operations:
- removing a cap 51 from a reaction vessel 11,
~ replacing a removed cap 51 into the upper opening 14
of a reaction vessel,
- picking up a cap 51 of a reaction vessel and the
20 reaction vessel connected thereto and bringing both from a

first position to a second position.

As shown by Fig. 20 gripper 62 is so configured and
dimensicned that the lower end part thereof is adapted to

25 cocperate with a corresponding part of cap 51 and form a
removable connection therewith. For this purpose the end
part of the gripper has pin shaped projections 63 that enter
and engage annular recesses 64 and €5 respectively in the
top part cf cap 51 for forming a connection which can be

30 locked by rotating gripper €2 in one sense and unlocked by
rotating gripper 62 in the opposite sense. Cooperation of
the gripper 62 and the cap 51 thus enables automatic
transport of the vessel 11 by means of transport mechanism
61 shown by Fig. 19.

35
The operation of a gripper of the above mentiocned type and

its cooperation with a cap is described in detail in U.S.




i
61 shown by Fig. 19. 35 The operation of a gripper of the above nentioned
type and its cooperation with a cap is described in detail in US - 22
Pat ent Specification No. 6,216, 340 Bl the contents of which is
i ncorporated herein by reference. EXAMPLE OF A METHOD ACCORDI NG TO THE
| NVENTI ON 5 According to the invention, a nethod for processing a
bi ol ogi cal sanple contained in a quuid‘c%ﬁprises the follow ng steps: 10
(a) introducing a liquid 41 into a process chanber 17 of a reaction vesse
11 which co i tubul.ar body 12 Lch has a bottomwall 13, an upper
openi ng 14 abd- el e REFRL 28T I8 WAL ch 48 endh bt helht AN CRRE Se ] 5 e
upper openi ngsldncespbotted hakkid3bandesétensal | s 15, 16 form ng process
chanber 17, and a chip shaped carrier 21 having an active surface 22 which
is formed by an array of biological polyners, said active surface 22 being
accessi bl e t BXRMBLEJOR 1ACHETHORcACCORD 2NG SED dTHE GINEENTICNDer 17, chip
shaped cagrier 21 being located in an opening 31 of a side wall 16 of
tubul ar body 12 or on the inner surface of a side wall 16 or in a recess
formed in thecrardinguipathe bhventieonald Me;h@b {dy) wosidsiming reacti on

vessel 11 1Mpaovegsehl Nehfifle ddntdiifcdald & PRI GUMA ARINGRI T ect ed

before or after. 1tntroduction o salde iquid 4171 nto p nber 17,
and 30 (c) nbYthg"iBEseFeRSder 71 along a predetermined trajectory 72 for
causing a relative notion of liquid 41

10 {a) introducing a liquid 41 into a process chamber 17
of a reaction vessel 11 which comprises
a tubular body 12 which has a bottom wall 13, an upper
opening 14 and side walls 15, 16 which extend between bottom
wall 13 and upper opening 14,
15 bottom wall 13 and side walls 15, 16 forming process
chamber 17, and
a chip shaped carrier 21 having an active surface 22
which is formed by an array of biological polymers, said
active surface 22 being accessible to ligquid 41 contained in
20 said process chamber 17,
chip shaped carrier 21 being located in an opening 31
of a side wall 16 of tubular body 12 or on the inner surface
of a side wall 16 or in a recess formed in the inner surface
of side wall 16,

25
(b) positioning reaction vessel 11 in a vessel holder
71, the latter positioning being effected before or after
introduction ¢f said liquid 41 into process chamber 17, and
30 {(c) moving vessel holder 71 along a predetermined

trajectory 72 for causing a relative motion of liquid 41
contained in process chamber 17 with respect to the active

surface 22 of chip shaped carrier 21.

35 Within the scope of the invention the step of moving the
vessel holder 71 along a predetermined trajectory includes

any sulitable method for agitating liquid contained in vessel



contained in process chamber 17 with respect to the active surface 22 of
chip shaped carrier 21. 35 Wthin the scope of the invention the step of
noving the vessel holder 71 along a predeterm ned trajectory includes any
suitable nmethod for agitating liquid contained in vessel - 23 11 and

t hereby achieving an effective mxing of the liquid wth reactants on the
active surface 22 of chip shaped carrier2dr-with any other reactants
contained in vessel 11. 5 In a preferred enbodi nrent of the nethod the

vessel holde{ ﬂereg¥ the reaction vessel are npoved al ong a trajectory
suitabl e for Jac AdyF GrE Y oREBXC W RENGePEEBEL AR BEFHNY b it L jquid

Prefera?ly pextbrﬁedcpa?tsdbﬁathg attﬂvé sﬂfﬁﬁ@éeim}@ech£QQM®ﬂ§Mi The
atter requ rere er t Cl e e secon
orefor red enost Heht SFn Yy B Fharhatef: A AL sy e BieY [ ds

fromreaction vessel 11 |s carrler out exclusively by pipetting operations

per for ecs pr e o5 3k ¥e DY, 43 e AWLATRLT e PLREUAMnMB! G, PIOBIL N fddto uhi of

are introduced vessel or m ng € pipe tlng operations.
Thi s procedurrd c@h@reb}atébetne@ﬂnpnavesxsﬁb arskmoofd tleolpy e ermoag asftory

bubbl es i n pé@f@é@lé‘gféf‘aggﬁiexgn f VE38EL réfxduﬁgg ééﬁé@y & yfjerred

enbodi nent of the invention descri |c terns, such
descrlpt|onW@W?Tﬁntl%Fu@%?é@?%@lhuP®6§@§m%@IEer%ﬁﬁﬂqﬁl E W%ﬁﬂmﬁunderstood

t hat chang%r@d@tefﬁhmémﬂﬁegwn@f neRe mw@ytfﬂ?@?éﬁd}nglérﬁaf?e&éﬂl

spirit ar scope of the follo ains. - 24 (Cains A met hod for
processﬂﬁb Qrﬁﬁa bgrkar Sampf cBﬁfafﬁ%ﬂn in a liquid, sald met hod

conpri sing

In a preferred embodiment introduction of ligquids into and
removal of liquids from reaction vessel 11 is carrier out
exclusively by pipetting operations performed preferably by

15 an automatic pipettor using pipetting tips which are
introduced into vessel 11 for performing the pipetting
operations. This procedure contributes to eliminate the risk
of the presence of bubbles in processing chamber 17 of
vessel 11.

20
Although a preferred embodiment of the invention has been
described using specific terms, such description is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from

25 the spirit or scope of the following claims.




5 (a) introducing said liquid into a chanber (17) of a reaction vessel
(11) which conprises a tubular body (12) which has a bottomwall (13), an
upper opening (14) and side walls (15, 16) which extend 10 between said
bottomwall (13) and said upper opening (14), said bottomwall (13) and
said side walls (15, 16) formng said chanber (17), and a chip shaped
carrier (21) having an active surface (223%4which is forned by an array of
bi ol ogi cal polyners, 15 said active surface being accessible to liquid
(41) containgd jn.said chanmber (17), said chip shaped carrier (21) being
| ocated in am—opening (31) of a side wall (16) of said tubular body (12)
or on the inner surface of said side wall (16) or in a 20 recess forned in
sitioning said reaction

t he i nner sunface qf i ide wall (16), (b) .p
vessel (11) i a vgése%tghol é}g??ffgs%ﬁﬁ % %B?ﬁ?ﬂ&ﬁ?ﬁgsﬁﬁpﬁé epnbeieegd

before or af & a iYhrddluctdcon afetsaidd dangptiié iat o sai d chanber (17), and 25
(c) noving said vessel holder (71) along a predetermned trajectory (72)
for causing a relative notion of the liquid (41) contained in said chanber
(17) with respect (o daitdosecive sarifadéquad) intosai dhahbprshapedoBOa

carrier (21)regctaoﬁeb@%gegcqqﬁgi@&i%g gbq&gh%esmherein said noving is
performed al ong a trag%ctory (72) suitable for ‘achieving a vortex mxing
effect. 35 3. A mefhbdPHdesr &Ry t(82¢1 whach, hasepebatsandwabli ny3] s an

perforned peuppeircabky it h1a)paedeienrl Rad1kr egyensy; n2an Sy & get hod
accord'ngotObgE%%gh35a9g¢£%kgo%abglar?%% ng%d said upper opening (14),
said bottom wall (13) and said side walls (15, 16)
forming said chamber (17), and
a chip shaped carrier (21) having an active surface
(22) which is formed by an array of bioclogical polymers,
15 said active surface being accessible to ligquid (41)
contained in said chamber (17),
said chip shaped carrier (21) being located in an
opening (31) of a side wall (16) of said tubular body (12)
or on the inner surface of said side wall (16) or in a

20 recess formed in the inner surface of said side wall (16),

(b) positioning said reaction vessel (11) in a vessel
holder (71), said positioning being effected before or after
introduction of said liquid into said chamber (17), and

25

{¢) moving said vessel holder (71) alcong a
predetermined trajectory {(72) for causing a relative motion
of the ligquid (41) contained in said chamber (17) with
respect to said active surface (22) of =said chip shaped

30 carrier (21).

2. A method accerding to claim 1, wherein said moving is
performed along a trajectory (72) suitable for achieving a
vortex mixing effect.

35
3. A methecd according to claim 1, wherein said moving is

performed periodically with a predetermined frequency.




is higher than 1 cycle per second. 5 5. A systemfor processing a

bi ol ogi cal sanple contained in a liquid, said systemconprising (a) a
reaction vessel (11) which conprises a tubular body (12) which has a bottom
wal |l (13), an 10 upper opening (14) and side walls (15, 16) which extend
bet ween said bottomwall (13) and said upper opening (14), said bottom wall
(13) and said side walls (15, 16) forning>said chanber (17), and a chip
shaped carrier (21) having an active surface 15 (22) which is formed by an
array of biological polyners, said active surface being accessible to
liquid (41) contained in said chanber (17), said chip shaped carrier (21)
bei ng | ocat ed. i n an metend nged@ading o ETRimed ) wHBleni saidl frthylaicybody
(12) 20 or fg]ﬁf] é{ﬂﬁg SLHfaCQ%Of said side wall (16) or in a recess
formed in tHE ifnets surtite’ ofY of P de @i (16), (b) a vessel hol der
(71) for holding said reaction vessel (11), and 25 (c) neans for noving

sai d vessel ol dery, ( edeterm ned traj ector 72) far. .causing
a relati \Slag n%'ti onA o%}%tﬁ%ll ﬁ%ﬂ%urc%eﬁs%%t%%leool?%% cF%?é]rﬁ)ecrort%ff)ne\lﬁst h
respect to sdatd dctqwied swesd Bt es229m ofogprr Usiohg p shaped 30 carrier (21).
6. A systemaccording to claim5, which further conprises a heat transfer
el ement for heating and cooling of the contents of the reaction vessel
(11), said heat tri@nsferrsstdansirsdssl nglYocdtieth cinminiesas the reaction
vessel (11) and heingadapteshy oD Riidi 1GANLAGL W dd W hefs/
interface (19) which is part of the tubul ar_ bod (1%2 of the - 2
vessel @{ﬁ)p,per opening (14} and side walls (I5, 16) which extend

reaction

between said bottom wall (13) and said upper opening {(14),
said bottom wall (13) and said side walls (15, 16)
forming said chamber (17}, and
a chip shaped carrier (21) having an active surface
15 (22) which is formed by an array of bioclogical polymers,
said active surface being accessible to liquid (41)
contained in said chamber (17},
said chip shaped carrier (21) being located in an
opening (31) of a side wall (16) of said tubular body (12)
20 or on the inner surface of said side wall (16) or in a

recess formed in the inner surface of said side wall (16},

(b) a vessel holder (71) for holding said reaction
vessel (11), and
25
(¢) means for moving said vessel holder (71) along a
predetermined trajectory (72) for causing a relative motion
of the liquid (41} contained in said chamber (17) with
respect to said active surface (22) of said chip shaped

30 carrier {(21).

6. A system according to claim 5, which further comprises a
heat transfer element for heating and cooling of the
contents of the reaction vessel {(11), said heat transfer

35 element being located outside of the reaction vessel (11)
and being adapted to be put in contact with a thermal
interface (19) which is part of the tubular body (12) of the




ol
7. A systemaccording to claim6, wherein said thermal interface (19) is a
zone of a side wall (15) of said tubular 5 body (12). 8. A system
according to claim5, wherein said chip shaped carrier (21) is located in
an opening (31) of a said wall of said tubular body (12) and has an outer
surface (23) adapted 10 to be contacted by a heat transfer elenment |ocated
outside the reaction vessel (11), said'éjgiéh1further conprising a heat
transfer elenment for heating and cooling of the contents of the reaction

vessel (11), ,s]i4 sheat, sfery elenent bei ng | ocated outside of the
reacti on vessel (fl) !§§§%}tﬁg adapted to be put in contact with said

outer surface (23) of said chlp shaped carrier (21). 9. A reaction vesse

for processing a Q t@g|%@ in a l.iquid, id action
vessel conpr|S|ng 0 (a) tubuigptbo%ﬂ%?kb 'mh|cﬁeﬁ§553180?g Il (13),
an upper opeRfh§rEesp éﬁ@ sitfe angionge EI52 s8ylewkindh diseéndf batdeenbsahd
bottom wakl ©d3d)y gnd)said upper opening (14), said bottomwall (13) and

said side walls (15, 16) formng a chanmber (17) for receiving a liquid
(41) to be 25 processed, and (b) a chip shaped carrier (21) having an

active surfaceA( ag\ﬁtw elcbgdfieghed byaap 8r ga)ﬁe%lg' gLogi Eﬁg _Bﬂéé rs,
| N Sal

said active sy %g ES ng.accessible.to |iqui é cont ai ne

chamber (17), % Saj é i pSsHEG8GCariti 8P CPENiBEi Al oeAt adspidaval bpehi ng
(31) of a S|aéldatub@16r bbdya|d2nubnaa?abodg obyr QﬁrQQcéh@ZBP”SHaéHééace
of said de ya n r s . for in er surface sa

si de mal?b(16 b%S&%glagﬁ?gag?longéggngaﬁgESFd?%ﬁm?Bt ?8?ﬁ?9 AREFE{® said
t ubul ar bodyt%92¥eﬁ§t$@ncﬁﬁﬁﬁg&ré@1andeudeaysoemdfnhahesatdmpﬁhéﬂﬁ§ra(17)

i s adapted tRes€CEFNRsBPrefehenm pgd ﬁ@QU?LgOLnd ggollng of the

contents of the reaction vessel (11), said heat transfer
element being located outside of the reaction vessel (11)

15 and being adapted to be put in contact with said outer
surface (23) of said chip shaped carrier (21).

9. A reaction vessel for processing a biological sample
contained in a liquid, said reaction vessel comprising
20 (a) a tubular body (12} which has a bottom wall (13),
an upper opening (14) and side walls (15, 16) which extend
between said bottom wall (13) and said upper opening (14},
said bottom wall (13) and said side walls (15, 16)
forming a chamber (17) for receiving a liquid {41) to be
25 processed, and
(b) a chip shaped carrier (21) having an active
surface (22) which is formed by an array of biological
polymers, said active surface being accessible to liguid
(41} contained in said chamber (17),
30 said chip shaped carrier (21) being located in an
cpening (31) of a side wall (16) of said tubular body (12)
or on the inner surface of said side wall (16) or in a

recess formed in the inner surface of said side wall {16} .

35 1¢. A reaction vessel according to claim 9, wherein said
tubular body (12) is so configured and dimensioned that said

chamber (17) is adapted to receive a predetermined amount of




liquid (41) and that when said chanber (17) contains said anmount of |iquid
and is at rest there is an air space between the free surface (42) of the
liquid (41) and said upper opening (14) and 5 the entire surface of said
active surface (22) is in contact wwth the liquid (41) contained in said
chanmber (17). 11. A reaction vessel accpr?'ng to claim9, wherein the chip
shaped carrier (21) is located at a predeterm ned 10 di stance fromthe
bottomwall (13) and fromthe upper opening (14) of said tubular body

(12). 12. A r@peid o vessed acorsidg L0 ¢! aldiusey Wherei &oal fhs 6l f4 shaped
carrier (21) is transparent_and_thereby enables 15 perform ng
el ect r o- opt iU e LRlurintd #1d k5 Bladi§ste surface (22) of said chip

shaped carrier (2bhers3.id dreapit Wpaas Rt REEOHNF e 3RS r i
said tubul ar b%]dy (jicﬁ) 42@5 arggl de_gvall (15) located substantially 20 in
face of sai dMctiiBIHr fde 399)5%4A URRFEHRESMDed ¢ lca®der (21), said
s: de wal IS (15) havileg earlttirxfm&ﬁ&fffei’die mesqj(dl&)cwﬂfiiecmﬁrfam(zz eefS(m_r Ijicg ning

el ectro-optic asur ts . .of sai ctive surface )., of said chi
Shaped carr i Ghe LIS 1808 BAC BRI Fop Rndtigr, 9P -
wherein said tubular body (12) conprises a thermal interface (19) adapted

to be put injcontact. heals dr ansf el nt .l ocated .outside,of the
reaction vessel (%1;1’,(2\% erdgby er'l?'éab% ing Ogréilﬁlgg{{%ngc%nﬁl cggol“lzhr?t;geolfn &hhge
contents of GtH® rdwmgdbrrarssisst (W rsndoafteshiad reatradetrsfwimes enment .

15. A react iR owesse!f Ret Ul Nt i 1@3)”&%{&!&&@%% thgdml
interface (19) is a (zo e of a side wall (té'c%“ of said 35 tubul'ar body (12).
- 28 16. AYFER%Nn Wes&dl sidchriding avo n1%) wherei n said

12. A reaction vessel according to claim 9, wherein said
chip shaped carrier (21) is transparent and thereby enables
15 performing electro-optical measurements of said active

surface (22) of said chip shaped carrier (21).

13. A reaction vessel according to claim 9, wherein said
tubular body (12) has a side wall (15) located substantially

20 in face of said active surface (22) of said chip shaped
carrier (21), said side wall (15) having a transparent zone
(18) which enables performing electro-optical measurements
cf said active surface (22) of said chip shaped carrier
(21) .

25
14. A reaction vessel according to claim 9, wherein said
tubular body (12) comprises a thermal interface (19) adapted
to be put in contact with a heat transfer element located
outside of the reaction vessel (11), thereby enabling

30 heating and cocoling of the contents of the reaction vessel

by means of said heat transfer element.

15. A reaction vessel according to claim 14, wherein said
thermal interface (19) is a zone of a side wall (15) cof said
35 tubular body (12).




’—_
chip shaped carrier (21) is located in an opening (31) of a side wall (16)

of said tubular body (12) and has an outer surface (23) which is adapted

to be contacted by a heat 5 transfer elenent | ocated outside of the

reaction vessel (11). 17. A reaction vessel according to claim9, wherein

said chanber (17) has an inner width Iar%er than 1.5 mllineter 10 at

| east in the region of the reaction vesself8(t1l) over which the active

surface (22) of the chip shaped carrier (21) extends. 18. A reaction

vessel accorglng tg claim9, wherein said_. 15 tubular body (12) is so
configured and n§?8ﬁ§d°?h¥?s§§ daEﬁaﬁﬁéPg(ﬁ?)cl§1@d%ptﬁﬂe¥%lme%%4@e a

predelterm nedhaposhtpetl chirguiea :(yumgmnlacaaage:llﬂoaﬂgoﬁ»éﬁﬂhéo (39) 8%9 )
mcroliter. ctian vessel .a i ng cla erein sa

t ubul ar body ??5) éﬁls gc’m? gtirad gngg H@gﬁnéhz{nh%‘fld P8 RRaPPERT (17)
has apprOX|nauafycehé2§hawhloh ascaﬂepdeﬂavunge sbesct eagbiisa Whegh are
equal or gf f nltud reaction vesse

accor di ng to£gﬁggﬁ1 98&wﬁ8Pgl%O§§? é h%g %ﬁ%lﬁ%a$%ﬁ%?Hv%?s%%out 3

mllimeter ofllarger than 3 nllllneter. 21. A reaction vessel according to
claim9, wherein the 30 active surface (22) of the chip shaped carrier
(21) has the shape of a square and the side length of this square lies in

a range goi ng’fronf 2T E3CLBOR YEFaRl ercCORAING reaict] i Vs sdhereiboraf i to

claim9, wheephfbeai ¢1785nk8ashi OANYESHEAt hULLAGE - CONRY | $85 A TRAdSd) for

cl osi ng i d_upper openi (14)  of s id tubul ar? body (12), said cap being
a rennvagﬁe %Fogﬁ?gtofnsﬁﬁﬂ éﬁ?ﬂg -tbg reaction girgseh (kskebvekcor di ng

to clai m 22, whhehethesattdiveaputbigei $23p 6onfhgusieth asith sbhdrensioned that a
part {21) extends.

18. A reaction vessel according to claim 9, wherein said
15 tubular body (12) is so configured and dimensioned that said
chamber (17) is adapted to receive a predetermined amount of

liguid lying in a range going from 10 to 800 microliter.

19. A reaction vessel according to claim 9, wherein said

20 tubular body (12) is so configured and dimensioned that said
chamber (17) has approximately the shape of a cuboid having
sides lengths which are equal or of the same order of
magnitude.

25 20. A reaction vessel according to claim 19, wherein said
cuboid has a side length of about 3 millimeter or larger

than 3 millimeter.

21. A reaction vessel according to claim 9, wherein the
30 active surface (22) of the chip shaped carrier (21) has the
shape of a square and the side length of this square lies in

a range going from 2 to 10 millimeter.

22. A reaction vessel according to claim 9, wherein said

35 reaction vessel further comprises a cap (51) for closing
said upper opening (14) of said tubular body (12), said cap
being a removable closure of said opening.
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thereof is a transport interface adapted to cooperate with a 5 gripper (62)
of a transport nechanism (61), cooperation of the gripper (62) and the cap
(51) enabling automatic transport of the reaction vessel (11) by neans of
said transport mechanism (61). 10 24. A reaction vessel according to claim
9, wherein liquid can only be introduced,i;nto and renoved from said
chanber (17) through said upper opening 8%4) of said tubular body (12).

15 25. A reaction vessel according to claiml, further conprising a wall
(24) which carries a barcode | abel (25).

23, A reaction vessel according to claim 22, wherein said
cap (51) is so configured and dimensioned that a part
thereof is a transport interface adapted to cooperate with a
5 gripper (62) of a transport mechanism (&1), cooperation of
the gripper (62) and the cap {51} enabling automatic
transport of the reaction vessel (11) by means of said

transport mechanism (61) .

10 24. A reaction vessel according to claim 9, wherein liquid
can only be introduced into and removed from said chamber
{17} through said upper opening (14) of said tubular body
(12) .

15 25. A reaction vessel according to claim 1, further

comprising a wall (24) which carries a barcode label (25).




