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METHOD AND APPARATUS FOR FULLY AUTOMATED NUCLEIC
ACID AMPLIFICATION, NUCLEIC ACID ASSAY AND IMMUNOASSAY

| Cross-Reference'to Related Application
Related subject ‘matter is disclosed and claimed in a co-pending U.S.
patent application of Hugh V. Cottingham, Serial No. 03/213,304, filed on March
14, 1994 and entitled "Nucleic Acid Amplification Method and Apparatus”, the

disclosure of which is expressly incorporated herein by reference.

Field of the Invention
The- present mventlon relates to methods and apparatus for performmg
automated .clinical dlagnosuc assays, particularly immunoassays or integrated
nucleic acid amplifications and nucleic acid assays, and to a self-contained,

disposable test unit for use in suach methods and apparatus.

. B.acl_{gQ und of the Invention

The advent of nucleic acid amplification techniques offers great potential
to improve the sensitivity of detection in many- areas. One such area is in the
detectmn and identification of human pathogens. The ablhty to detect as little
as one orgamsm makes detectnon possrble at a much earher stage in the
progression of a disease. Unfortunately,- while nucleic acid amplification
techniques are extremely' powerful, they are not simple to perform.
Compheatmns with respect to operating parameters, such as precise time-
temperature requirements, and possible contamination by amplified nucleic acids

have so far restricted these techniques to the research laboratory. In order to

-make these ampliﬁeation techniques practical for use in.hospitals and clinical

laboratones, problems ansmg from compheated operating parameters and -
contamination must be resolved. Moreover, for reasons of manufacturing

efficiency, and due to the emphasis on reduction of health care costs, it is also
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- desirable to provide a universal platt‘orm for nucleic acid amplification, nucleic
“acid assay, mmunoassay and assays using nucleic acid ligands to bind proteins

or small molecular weight molecules (bereinafter referred to as nucleic acid
' llgand based assays) Such nuclerc acid ligand based assays’ may also utrhze bl-
~ directional nucleic acrd ligand compounds.

One way to meet these obJectwes is to construct a fully automated system
to run the entlre nucleic acid amphﬁcatlon and nuclelc acid assay (or
1mmunoassay), convert the raw data into clmlcal results, and report the results
- through the local area network (LAN) of a laboratory or hospital. In order to
make such a system practical, all of the steps involved in the test procedure
should preferably be camed out whrle the liquid blologleal sample remains
: 'confined within a smgle, drsposable test unit. Thls not only reduces the risk of
eontammatlon of the laboratory or hospital env1ronment, but also allows the test
procedure to be carned out quickly, mexpensrvely and w1thout the need for hlghly
‘'skilled personnel.

Unfortunately, exnstmg desrgns for self-contained test units are not entirely
satisfactory, particularly when cost factors are consrdered For example, U.S.
Patent No. 5,229, 29'7 ‘to. Schnipelsky et al, ‘describes a cuvette for DNA
_ amphﬁcatlon and detectlon which comprises a plurahty of ﬂex1ble compartments
for containing a sample, amplifying reagents and detection reagents, together with
~ passageways connecting the sample and reagent compartments w1th a detection

site and a waste compartment. A roller is used to squeeze or compress the
sample and reagent compartments in a desrred sequence, thereby forcing the
| sample and detectlon reagents through the passageways to the detection site and
waste compartment. Temporary seals are used to isolate the sample and reagent
compartments from the passageways until sufficient pressure is generated by the
roller. Although the dlsclqsed arrangement is advantageous in that the sample

remains within the cuvette durmg amplification and detection, the need for a
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roller to break the temporary seals and cause the various fluids to flow between
compartments makes it difficult to automate the pl'ocedure, particularly when a

‘number of samples and cuvettes are to be processed at the same time. In an

alternative embodiment of the_ Schn_i-pelsky et al patent, the fluids are moved

" between conipartments by'movablje pistons which form a part of the cuvette itself.

Again, hoWever, automated processing of several cuvettes at once is difficult with
this embodiment, and the need fop several pistons in each cuvette renders the cost |
of the cuvette higher than might be desired. o |

It is therefoi'e' aii object ‘of the -présent invention to provide a fully

automated sj'stem to perform an integrated nucleic acid amplification and nucleic _

‘acid assay, or to perform an immunoassay or nucleic acid ligand based assay. '

It is another object of the invention to contain all reagents and

- components. necessary to perform immunoassays or nucleic acid ligand based

assays, or integroted nucleic acid amplifications and nucleic acid assays, for a
particular sample in a smgle, dlsposable test unit.
It is a further object of the invention to provnde a dlsposable test umit

which can be automatically closed and permanently sealed to prevent

‘contamination of the laboratory environment from amplified nucleic acids. -

It is a still further object of the invention ‘to support nucleic acid

_amphficatlon multlplexmg and report a multiplicity of nucleic acid assay results

usmg a single, dlsposable test unit and a smgle clinical sample.

It is yet another ObJCCt of the- mvention to support multiplexeti

'xmmunoassays and report a multnphcnty of i lmmunoassay results using a single,

disposable test umt and a smgle chmcal sample.
Itisyet another obJect of the invention to support multiplexed nucleic acid
lxgand based assays and report a multiplicity of nucleic acid hgand based assay

results usmg a single disposable test unit in a smgle clinical sample.
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assay apparatus which cah ‘be directly interfaced With' a laboratoty or hospital
LAN for the purpose of reporting and archiving clinical results with minimum_

delay and human intervention.

Summary of the Invention

_ | In accordance. with the. present invention, 'the disadvantages and
limitations of ihe pribr | art are 'substan.'tially avoided by' providing a disposable,
self-contained test unit ia which the flow of sample and 'i'eagent liquids can be .
controlled by centrifugal force applied by a relativel.y. simple rotating apparatus,
thereby avoiding the neéd for rollers, pistons and otl_ier cdmplex mechanisms.
This allows the test unit. to be made relatively simple and inexpensive in |

consfrﬁctiqn, _and also allows many samplea to be asSayéd simultaneously by
| mouhting a plurality’ of test units t‘of rotation in the same apparatus. The
“invention is also dlrected to an apparatus which is capable of receiving a number
of such test umts for rotatlon, in order to allow a number of hquld blologlcal
samples to be assayed s:multangously and automatlcally.
In one aspect, there_fore, the preé_ent invention is directed to an improved
test unit for carrying out a clinical diagnostic assay. The test unit cbmprises a
. sample chamber for recewmg a llquld biological sample to be assayed, a closure
.for sealing the sample chamber, a sealed waste chamber for receiving the liquid
biolegical sample from the sample chamber, and a liquid flow path for the liquid
biological sample extending between the sample chamber and the waste chamber.
-The test unit furth‘er com_pﬁseé noa-frangible flow control means for préventing
the flow of the liquid biological sample through the liquid flow path in the
absence of a for_cé appiied to the sample, and for permitting the l_iquid biological
sample to flow throa'gh the liquid flow path when at ieast a predetermined

minimum force is applied to the sample. Since the force required to overcome

.-4.
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the non-frangible flow control means will oidina’rily be less than that required to
. break a frangible ée‘al the required force can, for example, comprise centrifugal
| 'force that is pmduced by rotating the test unit about an axis. The test unit
further compnses at least one immobilized reagent dlsposed in the liquid ﬂow
path for contacting the liquid  biological sample as the sample flows from the_ _
sample chamber to .'the waste chamber. In a preferred embodiment, the
immobilized reagent comprises a nucleic acid probe, and a dried amplification
- reagent is disposed in the sample chamber for carrying out nucleic acid
amphﬁcatlon in the liquid blologlcal sample before the sample leaves the sample
chamber. In other embodlments, reagents suitable for carrying out an
1mmnnoassay or nucleic acid ligand based assays can be provnded in the test unit.
In another aspect, the present invention is directed to an improved test
'umt in which the flow of a liquid biological sample can be controlled by rotating
- the test unit to produce centnﬁlgal force. The test unit compnses a sample
chamber for receiving a liquid b:ologlcal sample to be assayed, a closure fon
. sealing th_e sample chat_nher, a sealed waste chamber Spaced fmm the sample
chamber for receiving the liqnid biological sample from the sample ehamber, and
a liquid flow path for the hquld biological sample extendmg between the sample
chamber and the waste chamber. The liquid flow path has a non-reversing
configuration, with each successive incremental section of the channe] in the
direction of flow being t‘urther'from (or,ata inininium, no closer to) the intended
axis of rotation of the test unit. The test unit further comprises at least one
'1mmoblllzed reagent dlsposed in the liquid flow path for contacting the liquid
biological sample as the sample flows from the sample chamber to the waste
chamber, By virtue of the spacing between the sample chamber and the waste
chamber and the non-reversmg configuration of the liquid flow path, a llquld
biological sample can be eqused to flow from the sample chamber to the waste

. chamber by rotating the test unit about an axis and thereby npplying centrifugal
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foi'ce to the sample in the direction from the sample chamber to the 'waste

chamber.

In a fnrther aspect, the present invention is dlrected to a method for

carrying out a clinical diagnostic assay. The method comprises the steps of

providing a test unit having a sample chamber, a waste chamber spaced from the

sample éliamber, a liquid flow path' extending between the sampie chamber and

the waste chamber, and an immobilized reagent disposed in the liquid flow path;
- . introducing a liquid biological sample into the sampie chamber; mounting the

test unit for rotation about an axis with the test unit oriented such that rotation

about the axis causes -cehtrifugal fo_rée to be 'applied to the liquid biological

sample in a direct_ion from the sample chémbe_r to the waste chamber; rotating

the test unit about the axis to cause the liquid biolpgical sample to flow through
the liquid  flow path- from the -sample - cha‘mbe_r to the waste chamber by
centrifugal force, and to thereby contact the immobilized reagent; and detecting

the presence or absence of a chemical or biological component in the liquid

bio_logicél sample based on a response or lack of 'respOnse of the_immobilized |

reagent to the liquid 'biologiéal' sample. In a preferred embodiment of the
inventive method, the test unit is also provided with at least one reagent chamber
éontaining a liguid re_ag‘en_'t;'and the liquid' reagent is éaused to flow from the
reagent (:l_mmber to the 'liquid flow path by increasing the speed of rotation of the
test unit after the liquid biological sample has passed through the liquid flow

path. | | | | . |
|  Im a still .t.'in.'tl_:.er_aspect of the present inv'ehtion, an apparatus is provided

for performing a plurality of clinical diagnbstic assays substantially

simultane__bus_ly. The "apparatus comprises a rotatable holder for carrying a

plurality of test units for rotation about an axis, a source of rotéry power for
ro'thting the rotatable holdpr' about the axis, and a plurality of removable test
~ units carrled by the rotatable holder and spaced circumferentially about its axis

.6
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of rotation, l?ach of the test units comprises a sample chamher for receiving a
liquid biological sample to be assajed, a waste chamber for receiving the liquid
 biological sample from the sample chamber, a liquid flow path extending between
the sample chamber and the,ivaste chamber, an immobilized reagent disposed in
the liquid flow path, and, optionally, one or more reagent chambers for
containing lnquid detectlon reagents. Each of the test units is oriented with
respect to the rotatable holder in a manner such that the sample chamber is
' located closer to the axis of rotation than the waste chamber, in order to cause
the liquid biological sample to flow through the liquid flow path from the sample
chamber to the waste _chamhei", and to thereby be bmught into contact with the
immobili_zed reagent, _when centrifugal fo:'cc. is exerted on the liquid biological
sample by ro,tation of the holder. The appa'ratus also comprises at least one
sensor for detecting responses by the immobilized reagents in the test units to the
| presence of a chenﬁcal or hiolog_ical component in the liquid hiological samples.
l’referably, the source of rotary_powe'r can be selectively operated. at two or more
different rotational speeds, so that liquids can be caused to flow in sequence from
the sample and reagent chambers by mcreasmg the speed of rotation of the
rotatable holder in predetenmned increments sufficient to overcome the flow

resistance of hquld flow paths extending from the respective chambers.

 Brief Description of the Drawings
The various objects, advantages and novel features of the invention will be
more readily appreclated from the followmg detailed description when read in
conjunction with the appended drawing ﬁgures, in which:
Flg. 1 is a perspective view of an au_tomated_test mst_rument which may be
used to carry out a number _ot' simultaneous clinical diagnostic assays in

" accordance with the 'p'resen.t invention, with the lid or cover of the instrument
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shown in the open position to illustrate the placelnent of the disposable test umits '
inside; | R | | |
_ Fig. 2 is an enlarged plan view of the automated test instrurnent of Fig. 1,
showing the location of the optical detectors which are used to detect responses
by the lmmoblllzed reagents located in the disposable test umts,
Flg 3 is an enlarged cross-sectlonal view of the automated test instrument
ot' Fig. 1 illustrating the locatlons of the drive motor and other internal
- components of the mstrument; _
' Flg 4 is an enlarged perspective view illustrating one of the disposable test "
units used in the instrument of Fig. 1; -
Fig. 5 is an exploded view of the disposable test unit shown in Fig. 4,
illustrating the manner in which it is constructed; '
Figs. 6A and 6B are plan and side views, respectively, of the disposable test
unit shown in Fig. 4 - |
Fig. 7A and 7B are enlarged plan and side views, respectively, of the
'disposab,le test unit of .Fig. 4, with the adhesive seal or closure device shown in
the open position; - o _ |
| Figs. 8A and Sﬁ are enlarged plan and side views, respectlvely, of the
disposable test unit of Fig. 4,' with the adhesive seal or closure device shown in
the closed position; - |
Flgs. 9A and 9B are enlarged plan and side sectional v1ews, respectively,
of the dlsposable test unit of Flg 4 as it mxght appear pl'lOl‘ to the start of a
clinical diagnostic assay, with the hqmd blologlcal sample not yet havmg been
introduced into the sample chamber;
- Figs. 10A, 10B and 10C are enlarged plan, side sectional and fragmentary '
views, respectively, of the disposable test unit of Fig. 4 as it might appear
immediately' after the. sta‘rt of a clinical diagnostic assay, with the liquid
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blologlcal sample begmmng to flow from the sample chamber to the waste

- chamber;

Figs. 11A and 11B are enlarged plan a_nd side sectional vieWs, respectively,_
of the disposable test unit of Fig. 4 as it might appear during a later stage of a
clinical diagnostic assay, with a first liquid reagent beginning to flow from a first

reagent chamber to the waste chamber; - |
| Figs. 12A and 12B are enlarged plan and side sectxonal v1ews, respectlvely,
of the disposable test unit of Fig. 4 as it might appear durmg a still later stage
of a clinical diagnostic assay, with a second liquid reagent beginning to flow from
a second reagent chamber to the waste chamber;

Figs. 13A and 13B are enlarged plan and side sectional views, respectwely,
| of the disposable test unit of Fig. 4 as it might appear during the final stage of
a chmcal diagnostic assay, with a tlm'd hquld reagent beginning to flow from a
third reagent chamber to the waste chamber-

| Figs. 14A and 14B are enlarged plan and side sectlonal views, respectlvely, |
of the dlsposable test umt of Fig. 4 as it mxght appear after the completion of a
clinical diagnostic as_s'ay, with the liquid' biological sample and all reagents having
flowed into the waste chamber; |

Fig. 15 is a flow chart of the ste‘ps involved in carrying out an integrated
nucleic acid amphﬁeatlon and nucleic acid assay ‘using the automated test
instrument of Fig. 1 and the dlsposable test unit of Fig. 4;

. Figs. 16A and_ 16B are graphs illustrating the manner in which the
rotational speed 'and_ tempen_'ature of the disposable test units are varied over time
during an integrate:l nucleic _acid umpliﬁcation'_an'd nucleic acid assay, using the
- automated test instrument of Fig. |; ' '
| Fig. 17 is a flow chart of the steps involved in carrying out an
immunoassay or nucleic ' acid ligand based assay using the automated test

mstrument of Flg. 1 and the dlspusdble test unit of Fig. 4;

9.
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Flgs. 18A and 18B are graphs illustratmg the manner m which the
rotational speed and temperature of the disposable test units are vaned over time
during an lmmunoassay or nucleic acid ligand based as_say, using the automated
test instrument of Fig. 1; o '

Fig. 19is a schematic _diagram illustrating the manner in which twe or
.more automated test mstrument of the type 1llustrated in Fig. 1 may be'
controlled by a smgle host computer, whlch can in turn be connected to the local
area network (LAN) of a hospital or clmlcal laboratory, _

| - Fig.20is a block dlagram of the prmcipal electrlcal components used in
the automated test mstrument of Fig. 1; and

Figs. 21A and ZlB are enlarged plan and side views similar to Figs. 7A and
7B, respectively, lllustratmg a modlfied embodiment of the disposable test unit.

Throughout the drawmgs, like reference numerals wﬂl be understood to

ret'er to hke parts and components. _

Detailed Descnption of the Preferred Embodlments .

An automated test mstrument 30 for carrying out a plurality of chmcal
diagnostic assays in accordance with the present invention is illustrated in Fig.
1. The apparatus 30 is, in a preferred embodunent, approxnmately 12 inches wide
by 12 mches deep and 4.5 inches high. It includes a bottom portion 31 and a
hinged lid: 32 A c_lrcular rotor 34 housed in the bottom portion 31 receives and
rotates a number o'_t‘ removable, radially positioned, diSposable.(single-use.) test
units 36. The rotor 34 revolves in a plane parallel to .the top of the apparatus 30
and causes centrifug'al 't‘orce to be exerted upon the disposable test units 36.
Positioned above the rotor 34 is an optical detector housing 38, which contains
light sources and optical detectors for detecting optical responses- by immobilized
" reagents contained in the disposable test units 36. The disposable test units 36

-10-
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are automatically sealed and retained in place on the rotor 34 by means of a
freely rotating clamp 40 carried by the lid 32.

Fig. 2 more clearly shows the radial positioning of the disposable test units
~ 36 on the rotor 34. 'The.'rotm" 34 preferably has a diameter of about 10 inches
and the disposable test units 36 are each preferably about 3.7 inches long by
about 0.45 inches wide at the rounded (inner) end 42 and about 0.8 inches wide
at the square (outer) end 44. The rotor 34 accommodates 12 disposable test units
36, arranged in a clrcumferentlal array of one dlsposable test unlt every 30
~degrees. The optlcal detector housmg 38 is positioned at a fixed location so that
each disposable test unit 36 can be seanned ih turn as it passes by.

Fig. 3.is a cross-sectlonal view of the apparatus 30. A microcontroller
board 46 provndes smtable control of the electrical components of the apparatus
30. A fixed, first rmg-shaped infrared heater 48 is located proximate to the
undersnde of the rotor 34at a pomt where the sample/amplification chambers 50
of the dlsposable test units 36 are exposed . through holes 51 in the rotor 34.
Infrared heatmg of the chambers 50 is controlled by the mlcrocontroller board :
46. A second fixed, ring-shaped infrared _hea_ter 52 is _located proximate to the
hnderside of the rotor'34 at a point where immobilized reagents disposed at
detection sites 54 of the disposable test units 36 are exposed through holes 55 in
the rotor 34. Infrared heatmg of the detection sites 54 i lS also controlled by the
microcontroller board 46. It will be appreclated from Fig. 3 that the holes 51 and
55 are part of a radlal pattern of holes whlch are formed in the rotor 34 for
receiving various portlons of each dlSposable test unit 36, including the sample
chamber 50 and addltlonal chambers 60, 62, 64 and 66 to be described shortly.
These holes allow the sample chamber 50 and detect_mn site 54 to be exposed to
~ the respective inﬁ'ar_ed'heaters 48 and 52 as alfeady .described, and also assist in-
locatihg the disposable test"l.mits- 36 at the proper 'angu.lar positions_ on the rotor
34, If desired, the infrared heaters 48 and 52 can be incorporated into the rotor-

-11 -
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‘34, and in that event the holes 51 and 55 may be. replaced by cavities formed in
the top surface of the rotor 34. _ ' | |
" With continued reference to Fig: 3, a motor 56 and shaft 58 rotate the
_ rotor 34 at various selected speeds to apply predetermined- centrifugal forces to '
the disposable test units 36. The.mtating' clamp 40 is attached to the lid 32 by
means of a rotatable beanng assembly 59, and maintains the disposable test units
36 on the rotor 34 during its rotation. The rotating clamp 40 also effects
antomatic sealing o_f the sample ports of the disposable test units 36, as will be
described in more detait _hereinafter{ 'P_ositi'oned above the rotor 34 in the opticol _
detector housing 38 is a first optieal assembly 68 which provides. illumination and
detection of the reacted immobilized chemical reagents contained in the
disposable test units 36. The optieol "ass'em_bl'y' 68 has a number of sections as
shown, with each section located above one of the immobilized reagent spots (not
- shown) at the detection site 54 of the test unit 36 positioned below the assembly
68. Depending upon the type of detection technology employed, the optical
assembly 68 witl typically contain (e_ither .in ench section or _as a common
component for all sections)- a xenon or laser diode-light source; a photomultiplier
| tube, CCD line array or photodiode; and interferenee filters, lenses, shutters and
other optical elements ‘mecessary for the acquisition of the optical output of the
| unmoblhzed chemical reagents in the dlsposable test units 36. A second optical
_assembly 70 is also posltloned above the rotor and is for the purpose of detecting |
marks or notches ‘(not shown) at the edge of the rotor 34, to indicate when a
partlcular dlsposable test unit 36 is properly indexed to be detected by the first
optical assembly 68 '
The constructlon of one of the disposable test umts will be evident from
_ the perspectlve view of Fig. 4, the exploded view of Fig. §, and the planx and side
views, respectively, of Figs. ‘6A and 6B. Refemng first to Figs. 4 and §, th_ere are
three elements which make up the basic structnre of the disposable test unit 36.

-12 -
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First, a thin, flexible top film 72; which is pre_feraibly made of a transparent or
- tranélucent polyesterlpolyethyl_ene or other heatheaiable laniinafe approkimately
©0.005 inch thick, forms the top layer of the test unit 36. This top film 72 has a
small hole 74 approximately 6.1 inch in diameter whiéh .'serves as a sample port.
'Thé' test unit also includes a thicker, rigid the_rmofbrmed bottom portion 76,
preferably also transparent or translucent, containing ther_moformed depressions
or wells 50, 60, 62; 64 and 66.. The profile of these wclis, which form closed
- chambers when the top film 72 is in place, can be seen in, the side view of Fig. 6B.
The depth of the wells pret‘efably varies from about 0.150 inch for the sémple
" chamber 50 to about 0.250 inch for the waste chamber 60. The thermoformed
~ bottom portion 76 is preferably made of a rigid polycarbonate film having a
thickness of 0.007 to 0. 015 mch, although other heat-resistant ngnd plastlc films
(such as PET-G) can be used if desired. The test umt also mcludes an adhesive
seal 78 which serves as a closure device for the sample port 74, The adhesive seal
78 is made of a polyester film laminated w1tl_1 a downwardly-facing pressure-
sens_itive adhesive, ahd is positioned over the sample port 74 during manufact_ure
to serve as a closure dévice therefor. The top film 72 of the test unit 36 is heat-
sealed to the thermoformed bottom p_ortion'76_ in order to complete the test unit
structure. The heat seal pattern 80 between the top film 72 and thermoformed
bottom t:ottioh 76 is indicated by stippling in Fig. 6A, and will be seen to define
a series of channels 82, 84, 86-and 88 which interconnect the chambers formed
. by the wells 50, 60, 62, .64 and 66. These chamiéls have widths and lengths as
'defin_ed by the heat sealing pattern, but the height dimension of each channel is
essentially zero sil;ce there is no spacer element between the top film 72 and
' thiermoformed bottom 76 during the heat sealing operation. This provides a
degree of flow resisfahc’e_ﬁhich allows the channels to control the flow of liquids
between the various chambers, as will be discussed in more detail shortly. It will

be observed that the heat sealing step serves to simultaneously join the top film

.13 -
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72 to the bottom portion 76, and to form the channels 82, 84, 86 and 88. A
conventmnal heated platen, shaped to match the desu‘ed heat seal pattern 80 can
be used to carry out the heat sealing step. ' '

The assembled test unit 36 is lllustrated in Figs. 7A and 7B with the
adheswe seal 78 shown in the open position, and with the reagent chambers 62,
64 and 66 shown pre-filled w1th hqmd reagents. A narrow section 90 of the
adhesive seal 78 is bon_ded, heat-sealed or otherwise affixed to the top film 72 of
the test unit 36. The remaining portion of the adhesive: seal 78 cornprises a flap
92 Which is joined to"the bonded section 90 by a fold line 94, and which carries
a pressure sensitive adheslve (not shown) on its lower surface 96, When the flap
- 92 is rotated about the fold line 94 in the direction mdleated by the arrow 98, the
‘flap 92 becomes adheswely bonded to the top film 72 and thereby closes off the
sample port 74. This allows the test unit 36 to be sealed w1th respect to the |
outside envnronment after a hqmd blologleal sample has been introduced into the
sample port 74. If desired, a removable release layer (not shown) can be provided
on the bottom surface 96 of the flap 92 to prevent the flap 92 from becoming
- inadvertently attached to the top film 72 before the liquid blologlcal sample has
been introduced.

I“lgs. 8A and 8B illustrate the test unit 36 after a liquid biological sample
has been introduced into the sample ‘chamber 50 through the sample port 74.
The adheswe seal 78 is shown i in the closed position, thereby sealing the liquid
b_lologleal sample in th_e sample chamber 50 and preventing contamination of the
snrronnding enﬁmhhnent. In operation, the adhesive seal 78 is automatically
closed by the rota‘ting'clam'p 40 of Figs. 1 and 3 when the lid 32 of the test
instrument 30 is closed. 'This saves a considerable amount of time when a
number of test umts are being processed simultaneously, since the human
operator is not requu‘ed to s.e_al each test unit individually. The automatic sealing

feature is also_important from the standpoint of avoiding contamination, since

-14 -



. || THIS SHEET HAS BEEN |

This Sheet Has Been Replaced | g! el
Hllllllllllllllll s v
P-3037

the cldsin‘g of the lid 32 will positivély ensure that éll test units are bmpeﬂy |
sealed before the assays are carﬁéd out, | | |

Figs. 9A and 9B are detniled plan and sitlé sectional views, respectively,
‘{llustrating the disposable test umt 36 as it might appcar prior to the start ofa
clinical diagnostic assay. The sample chamber 50, which is _showp. empty in Figs.
9A and 9B, is connected by means of the channel §2 to the chamber 60, which
serves as a waste chamber for receiving the liquid biological sampie and liquid ‘.
reagents used during the assay. The sample chambcr 50 xs also connected by

‘means of the channel 84 to the chambcr 62 whlch serves as a reagent chamber
for containing a first liquid reagent 100. The chaun‘el 86 connects the first
reagent chamber 62 to the chamber 64 which serves as a second reagent chamber
for eontammg a second hquxd reagent 102. Finally, the channel 88 cuonnects the

'cha_mber 64 (o the chamber 66, which serves as a third reagent chamber for
containing a third liquid rcngént 104. '[ypicnlly, the reagent chambers 62, 64 and

. 66 will be pre-filled with the respective liquid reagents 100 102 and 104 betore
the top film 72 of the test unit is heat-sealed 10 the bottom partion 76. Thus, all .
of the reagent chambers 62, 64 and 66 are sealed with respect (0 the saxrounding
cuvironment, and the same is true of the waste chamber 60. This lcaves the
samplc port 74 as the sole means ot‘ fluid communication between the exterior

‘and interior of the test unit 36. '

When the test unit is adapted for carrying out an integruted nucleic acid
amplification and nucleic acid assay, a dried spot 106 of chemical reagents is
affixed to the bottom of the sample chhmbcr 50. This dried spot contains all of
the various reagents necessary for nucleic acid amphﬁcanon, examples of such
reagents hemg disclosed in the above-identified co-pending U.S. patent application
of Hugh V. Cotlingham entitled "Nucleic Acid Awmglification Methiod and
Appalatus . When the test unit 86 is intcnded for an immunoassay or nucleic

acid hgand based assay, the dried spot 106 can contain other reagentc or may
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be deleted. The chemical reagents in the dned spot 106 are carned in a readnly

soluble matrix, such as trehalose or anotner carhnhydmtc. These reagents will
spo_ntaneously re-suspend when exposed 10 an aqueous sample iatroduced into the
 sample chamber 50, and are not in any way imuiobilized. By contrast, dried and
immobilized nudei‘c acid probes and controls arc provide& at ﬁxed locations in
the channel 82 in the form of spots 108, 110, 112.and 114. .In the case of an
lmmunoassay, the spots will compnse antlbody/antxgen and controls, while in the
case of a nucleic acid ligand based assay, the spots will comprise nucleic acid
ligand/target and controls. .I_"n_all'cases,' the inumobilized spots are different from
the dried veﬁgénts 106 in that they arc not solubilized by the aqueous sample in
" the sample chambcr 50 and are mmnded to react with and capture (and thereby
“also lmmobxhze) a speuﬁc chemmal mmefy in the hquld biologlcal sample 1f it
is present. ' o

Typical antlbody/antlgen and conn‘ols for use in the spots 108, 110 112
and 114 in immunoassays are well known to _those sk_xlled in the art and are

described for cxample in such references as the Encyclopedia of immunology,

- Academic Press, Ed., Roitt, I.M. and Delves, P.J., valume 2, pages 779-782 ( 1992)
. and m@_gsgcmmmu, 6th edtdon, Finegold, S.M. and Martin, WJ., pages
| 571-583 (1982). Similarly, nucleic acid ligands, which are well known to those
skilled in the art through, for cxample, United States Patent No. 5,270,163, may
be uscd in place of antibodies in well-lmown immunosassay formats.
In combination with other reagents 10 be descrlbed shortly, the
immobilized nucleic acid probes and controls (ur, alter nahvely, antibody/antigen
‘and controls or aucleic acid ligand/target and controls) 108, 110, 112 and 114
generate either a chromogenic, fluorescent, chemilnminescent or bicluminescent

response that is suitable for optical detechon Radioactive detection methods

~may alsn be used. in the practice of the present mventlun. Preferubly, the

immobilized spots 108, 110, 112 and 114 are all chcmlcally different from each
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other, so that each spot detects a different anals'te " This allows the test unit 36
to carry out snmultaneous multiplexed assays on the same liquid biological
sample. The zone 54 occupled by the spots 108, 110, 112 and 114 constitutes the
| detection site ot the test unit 36, and in the illustrated embodiment this detection
. site simply compﬁses_a portion of the channel 82. In other enib_odim_(:nts, the
détection site 54 may compﬁse a separate chamber or an enlarged section of the
~ channel 82. | o o
" The liquid reagent 100 contained in the first reagent chamber 62 is
typically an enzyme cohjugated to a nucleic acid probe (alternatively, the enzyme
is conjugated to an antigen or a‘htibody ih‘_ tl;e' case of an immu_n_o_assay, or to #
nhcleic acid ligand or targef in the case of ai nucleic écid ligand' Based assay)
The enzyme is typically alkaline phospha(ase, horseradish peroxndase, or the like.
The liquid reagent 102 in the second reagent chamber 64 is typically an aqueous
- buffer/wash solution. Finally, the liquid reagent 104 in the third reagent chamber
66 is typically a Subst:afe such as AEC, TMB, BCI_P/NBT, AMPPD, BBTP or
Lumiphos 530™ for the enzyme in the liquid reagent 100. Other configurations
are possible; for example, a liposome deteétof'and wash may be used, and this
will require one less reagent chamber and hqmd reagent.
By virtue of the linear arrangement of the chambers 50, 60, 62 64 and 66
and mterconnect;ng_c_hannels 82, 84, 86 and 88, centrifugal force can be applied
-by the apparatus of F_igs.. 1 - 3 to properly seqhe_nce thel flow of the iiquid
biological sample and liqﬁid_ reagents through the test unit 36. Centrifugal force
is defined by the relationship: o
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. C_f'? mraz .
where: C, = centrifugal force
m = mass

r= radins of revolution

© =_angular velccity

~ Although centrifugal analyzers are well known in clinical chemistry, these devices
typically use centrifugal force to mix different reagents. In the illustrated
embodiment of the present invention, mixing occurs only incidentally (in the
waste chamber 60) and the centrifugal force serves primarily to sequentially move
" the liquid biological Sampie and liquid reagents across the immobilized reagent
| spots 108, 110, 112 and 114 by overcoming the ﬂow resistance of each of the
channels 82, 84 86 and 88 in turn. This is posmble since the chambers 50 62,
64 and 66 are located at progressnvely decreasing radial distances from the axis
of the rotor 34 in Figs. 1 - 3, with the waste chamber 60 being located at the
outermost radial position so_that it can receive liquid_s from all of the other
| chambers. In the pl_'e_ferred embodiment, the center of the third reagent chamber
| 66 has a radius of revo_lutich of about 1.1 inches, the center of the second reagent
o ch_amber 64 has a radius of revolution of ab'out. 1.6 inches, the center of the first
reagent chamber 62has a radius of revolution of about 2.1 inches, and the center
- of the sample chamber 50 has a radius of revolution of about 2.85 inches. For
a given angular velocxty, this results in a greater centrifugal force being exerted
on the liquid in each chamber as the radlus of revolution increases. Accordingly,
for a given angular velocity, the sample chamber 50 would have the most force
“exerted on its contents; the first reagent chamber_'62 would have a somewhat
smaller force exerted on its,contents, the second reagent chamber 64 would have

astill smaller force exerted on its contexts, and the third reagent chamber 66 will
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have an even smaller force exerted on its contents. Numerically, the force exert_ed

on the contents of the first reagent chamber 62 will be 73% of the force exerted

on the contents of the sample chamber 50, the force exerted on the contents of .
the second reagent chamber 64 will be 56% of the force exerted on the contents

of the sample chamber 50, and the force exerted on the contents of the third
reagent chamber 66 will be 38% of the foece exerted on the contents of the sample
chamber 50. Conver_sely_,fto achieve the same given force on”the contents of all
| chambers, the angular velocity of the first reagent chamber 62 would have to be
116% of the angular velocity of t_ne sample chamber; the angular velocity of the
second reage'nt chamber 64 would have to be 133% of the-angular velocity of.the
" angular velocity ef the sample chamber 50, and the angulaf velocity of the third

reagent chamber 66 would have to be 160% of the angnlar velocity of the sample

chamber 50, R :

Figs. 10A, 10B and IOC 1llustrate the dlsposable test unit 36 after a liquid
biological sample 116 has been introduced into the sample chamber 50 and the
- sample has begun to be assayed. Assummg that an integrated nucleic acld
ampllﬁcatlon and nucleic acid assay is being carried out, the dried reagent spot
106 in the sample chamber has already dissolved at this point and nucleic acid
- amplification has occurred in the liquid biolegielal sample 116. The test unit 36
has been placed into 1ts asslgned radial position on the rotor 34 of the apparatus
30 in Figs. 1 - 3, and the test unit 36 is being rotated at a threshold angular
| velocity that is sufﬁelent to force the liquid sample 116 radmlly outward. The
channel 82, which i 1s normally closed by virtue of its upper wall being resiliently
held in contact thh its lower wall, is forced open by the radial pressure exerted
on the liquid sample 116. This is itlustrated in Fig. 10C. Depending upon the
thic_kness and resiliency of the materials used for the top film 72 and bottom
portion 76 of the test unit 3,§,. the opening of the _cliannel 82 may result from the
deflection of either the tep or bottom vyall of the channel, 'o_r both. In the
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illustrated emhodiment, the deﬂection is__reletively small (on the order of 50
microns) and occurs primarily in the top wall of the channel 'si_nee the top film
72 of the test unit 36 is thinn_er and more flexible than the bottom portion 76.
The opening of the channel 82 allows the 'li'quid biological éample 116 to flow over .-
the immobilized _reagent spots 108, 110, 112 and 114 and to react with the
immobilized reagents at these locations. The hquld blologwal sample 116
continues .to ﬂow out of the eample ch‘amber 50, through the channel 82 and into
the waste chamber 60 until the sample chamber 50 is emp?ty When the flow
stops, none ot‘ the hqmd blologleal sample 116 remams in elther the sample.

_chamber 50 or in the channel 82, and the waste chamber 60 is partlally filled.
It will be noted that, while the amount of centrifugal force being exerted on the
liquid blologleal sample 116 i in Figs. 10A through IOC is suﬁiel_ent to cause the

" sample 116 to flow through the channel 82, it is not sutfieient to cause any of the _' |
liquid reagents 100, 102 and 104 to fofc'e open their respective channels 84, 86
and 88. This may result from the fact that the tdp'surfaces of the liquid feagents'
100, 102 and 104 have not yet tilted suffiéiently to reach the level of the channel
openings in the riaspeetive wells 62, 64 and 66, as suggested in Figs. 10A through
10C, or from the fact the reagents, although having reached the channel openings,
are 'n_ot yet under sufficient pressure to force open the resilient walls of the

. channels. Either o_r_hoth of these effects may be relied upon in the practice of the
.pr.esent'invention. In any event, to allow the liquid reagents 100, 102 and 104 to
flow out of their i‘espective chambers, the angular velocity of the rotor 34 in Figs.
1 - 3 must be increased. Until this occurs, the channels 84, 86 and 88 remain
closed and effectively seal off the respective reagent chambers 62, 64 and 66_ from

~each other and from the sample chamber 50. _

Figs. 11A and 11B illustrate the test unit 36 at a second. t.hreshold angular

velocity that is higher than the angular velocity represented in Figs. 10A and 10B.

. This higher nngular v-elocity'is sufficient to fo_ree the liquid reagent 100 in the
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first reagent chamber 62 radially outward into the channel 84. This allows the
liquid reagent 100 to flow through the channel 84 to the s_a__mpl_e .ehamber 50, and
. from the'sample chamber 50 through the channel 82 to the waste chamber 60.
In ﬂoWing ‘through- the channel 82, the liquid reagen.t' 100 ﬂowé over the
immobilized reagent spots 108, 110, 112 and 114 and reacts wnth the unmoblhzed
reagents therem. The ﬂow of the liquid reagent 100 contmues untll the reagent
chamber 62 and channels 82 and 84 are empty, and the hquld reagent 100 has
been received completely in the waste chamber 60 It should be noted that,asa
result of the relatlvely high magmtude of the centrlfugal force apphed to the
liquid reagent 100 as compared to the force of gravity, the hqul_d reagent does not
accumulate to any apprecia_hte' e_xtent in the sample chamber 50 as i_t flows from
the channel 84 to the channel 82. Instead, the liquid reagent 100 flows primarily
across the top of the sample_ chamber 50 between the 'outlet of the ch_annel 84 and
inlet of the channel 82.__ As before, the centrifugal force exerted on the liquid
'~ reagent 100 in Figs. 11A and 11B is sufficient to cause the reagent 100 to flow
through the c_:hannels' 84 and 82, but is not sufficient to allow the liquid reagents
102 and 104 in the remaining reagent chambers 64 and 66 to overcome the flow
resistance of their respective channels 86 and 88. Im order for the liquid reagents
102 and 104 to begin to flow, the angular veloclty must be increased still further
to increase the centrifugal force at these locations. _
Figs. 12A and 12B illustrate the test unit 36 at a thlrd threshold angular
velocity that is higher than the angular velocity represented in Figs. 11A and 11B.
At this angular velocity, the centrifugal force exerted on the liquid reagent 102 in
the second reagent ‘chamber 64 is sufficient to _ orercome the flow resistance
exerted by the channel 86 and allow the reagent 102 to flow through the channel
'86. Accordingly, the reagent 102_ flows to the waste chamber 60 via the channel
86, first reagent chamber 62., channel 84, sample chamber 50 and channel 82. In
flowing through the channel 82, the liquid reagent 102 flows over the immobilized
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reagent spots 108, 110, 112 and 114 'and'relacts with the immobilized reagents
th_e’rein. The 'liqnid reagent 102 continues to flow until the second reagent
chamber 64 is empty and all ct‘_ the reagent 102 has accumulated in the waste
chamber 60. As l'before, the centrifugal force exerted upon the liquid reagent 102
in Figs. 12A and 12B is sufﬁ_cient to cause the reagent 102 to flow through the
~ channels 86, 84 and 82, but is not sufficient to allow the liquid reagent 104 in the
third reagent chamber ‘6 to overcome the flow resistance exerted by the channel
. 88. In order to allow the liquid reagent 104 to flow into the channel 88, the
angular velocity must again be mcreased to further increase the centrifugal force
at the location of the third reagent chamber 66. R

Figs. 13A and 13B illustrate the disposable tes_t unit 36 at a fourth
threshold angular velocity that is higher than the angular velocity represented in
Figs. 12A ad 12B. At this angular velocity, the centrifugal force exerted on the
liquid reagent 104 in the third reagent chamber 66 is sufficient to force open the
channel 88 and allow the reagent 104 to flow through the channel 88. This allows
the liquid reagent 104 to flow into the waste chamber 60 via.the channel 88,
second reagent chamber 64, channel 86, first reagent chamber 62, channel 84,
sample chamber 50 and channel 82. In ﬂowmg through the channel 82, the
liquid reagent 104 tlows over the lmmoblhzed reagent spots 108,110,112 and 114
and reacts with the lm_moblh_zed reagents in these spots. The llqund reagent 104
" continues to flow into the. waste chamber 60 until the third reagent chamber 66,
and all of the intervening channels and reagent chambers, are empty At this
pomt, all of the llquld reagent 104 has accumulated in the waste chamber 60,
'along with the llqllld ‘biological sample 116 and the first and seeond liquid
reagents 100 and 102. _ .

Figs. 14A and 14B_illustrate the state of the di'sposable test unit 36 after
the liquid biological sample 116 and all of the liquid reagents 100, 102 and 104
have been forced through the channels and info the waste chamber 60. The
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immeobilized réagent si)i)ts 108, 110, 112 and- 114. have now been exposed to the |
hquid biological sample 116 and 10 euch of thc assay reagents 100, 102 and 104.
The order of exposure, and hence the order of reactxon, has been controlled by the
increasing centrifugal forces genernted by the increasing angular velocities of the -
rator 34 in the apparatus 30 of Figs. 1.3 As will be appreciated from the
foregoing dexcription, this order is as follows: first, the llquld biological sumple
116; second, the enzyme eonjugate 100; third, the wash solution 102; and fourth,
the substrate 104. At tlns pomt, the mmoblhzcd rcagent spots 108, 110, 112 and
114 arc rcady to be optically detected Dependmg upon the substrate used, the
meobxhzed reagent spots will exlnhlt either color develnpmem, Nuorescence or
luminescence pmportmnnl ta the amount of the particular apalyte detected.
© Fig. 15 is a flow chart which summurizes the series of operations carried
out by the operator and by the test instrument 30 of Figs. 1 - 3 during an
- intcgrated nucleic acid ampliﬁcatio_n and nuclefc acid assay. Flgs 16A and 16B
aré, ‘graphs of rotaﬁdn@l speed versus _time- .and temperature versus ﬁrﬁé, "
“respectively, which will assist in the understanding of the flow chart of Fig. 15.
With reference t block 120 of Fig. 15, the process is initiated by the human
operatm' by placing a liquid biological sample into the sample chamber §0 of the
disposable test unit 36 through the sample port 74. In block 122, the disposable
test unit 36 is placed into its assigned radiail pasition on the rotor 34 of the
apparatus 30 (along with any other test units 36 that are (v be assayed), and the
' 11d 32 is closed to seal the test units and hold them in position. A start command
is also applied, either automatically by closing the lid 32 or by depressing a
_separate pushbutton (not shown). 0pﬁonal_ly, the rotor 34 of the apparatns 30
majr have temperature cycling capability in order to accommddate the polvmerase
~ chain reaction (PCR) nucleic acid amplification process. This is the cud of aﬁy
: requln:d activy by the humau operxator, and all subsequent steps in thc proccss
arc fully automnfed. It should be noted that the Hquid biological sample may be
_ | placed into the te.st_ unit sample chamber Sﬁ either before or after the test unit -
1s placed in the rotor 34, dependlnz upon the prefcrcnée of the bperator.
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THIS SHEET HAS BEEN
REPLAGED

PATENT
 P-3037.

Blocks 124 through 136 of Fig. 15 are associated with the nucleic acid
ampliﬁcaﬁon. In block 124, the rotor 34 is rotated ata speed of a few revolutions
per minute (RPM) for the purpose of umformly heating all of the liquid
| biological samples in the sample chambers 50 test umts 36 to the same
temperature. Rotatlon elumnates hot or cold spots and averages amy local
variations in the temperatures of the heaters 48 and 52 across all of the test units
36. In block 126, the infrared heater 48 of Fig. 3 is raised to a temperature
sufficient to heat all of the liquid biological samples in the test units 36 to a
temperature, of 41° C., the tempal_'ature necessary for amplification. (The time-
temperature profile of the mfrared heater 48 carresponds to heating zone 1 in
_ Fig. 16B, and the time-temperature profile of the infrared heater 52 corresponds
to heating zone 2) In block 128, an inéubation time is provided for nucleic acid
amplification to oceur while'the samples are maintained at 41° C. Amplification
starts at the begimling of the lncubatibn period (point 130 in Fig. 16B) and is
terminated approximately two hours later (point 132 in Fig. 16B).. In block 134,
the infrared heater 48 is cdnfrolléd to raise the témperature of the liquid
'- .biological sample in the test units 36 to 95° C.;.the-'temperature necessary to
destroy the amplification reagénts and terminate the ampliﬁéation process. This
corresponds to point 136 in Fig. 16B. In block 138, a 3-minute incubation time
-~ is provided for this d_estruction to occur. The incubation time ends at point 140
in Fig. 16B, and is followed by a'cool-ddwn step in block 142 of Fig. 15. During
the cool-down step,'thé infrared heater 48 is controlled to reduce the temperature
- of the llqllld blologleal samples in the test units 36 to 37° C. for the assay
procedure to follow In block 144, a suitable incubation time is provided to
assure that all of the liquid bmlng:cal samples have an opportunity to stabilize
_-at the same lower temperature. This ‘marks ‘the end of the ambliﬁcation

procedure, and the nucleic acid assay follows.
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In block 146, the nucleic acid assay begins with a heating step in which the
infrared heater 52 of Fig. 3 is controlled to raise the temperature of the detection
sites 54 of the disposable test wnits to 37° C, the desired assay temperature. In

block 148 the rotational speed of the rotor 34is mcreased to a first threshold

speed which is sufficient to force the liquid biological samples to move out of the
sam;_)le chambers 50 of the test units 36 and through the channels 82 toward the
waste chamber 60. Block 148 corresponds to point 150 in Fig. 16A. In block 152,
~ this rotational speed is mamtamed for a sufficient period of time (typically about
three minutes) to allow all ot‘ the llqllld biological sample to flow from the sample
chamber 50 to the waste chamber 60. .Durmg this period, the liquid biological
sample flows past the immobilized reageht spots 108, ‘-110, 112 and 114 in the
channel 82, #'nd reacts with the reagehts contained in these _spots. In blocks '1.54
and 156, the rotational speed of the rotor 34is incfeas’ed to a second threshold
level (point 158 in Fig. 16A) ﬁ_;hich is sufficient to_cahSe the enzyme 100 to flow
out of the first reagent chamber 62 of each test unit 36, and is maintained at this
rotational speed for a further period of time (typically about three minutes). | This
allows sufficient time for the. enzyme 100 to flow completely out of the first
reagent chamber 62,' past the_ immobilized reagent spots 108, 110, 112 and 114,
and into the waste chamber 60. ‘In blocks 160 and 162, the rotational speed of

' “the rotor 34 is increased to a third threshold level (point 164 in Fig. 16A) which

is sufficient to cause the aqueous buffer/wash s_olhﬁon ‘102 to flow out of the
se_cen'd reagent chamber 64, and is ma_inthined at that level for an additional
period of time (typjcally about three minutes). The period chosen is sufficient to
allow the aqueous bilfferlwesh_solution 102 to flow completely out of the second
reagent chamber 64, past the immobilized reagent spots 108, 110, 112 and 114,
and into the waste chamber 60. Finally in blocks 166 and 168, the rotational
speed of the rotor 34 is inareased to a fourth threshold level (point 170 in Fig.
~ 16A) which is sufficient to force the substrate 104 to flow out of the third reagent
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chamber 66, and is maintained at that level for a further period of time (typically
about three minutes). As before, this interval is sufficient to allow the substrate
to flow compietely out of the thn‘d reagent éhamber.66,_ past the immobilized
| reagent spots 108, 110, 112 and 114 and into the waste chamber 60. At this point,
the liquid biological sample 116 and liquid reagents 100, 102 and 104 have all
been sequenced, one at a time, _past the iinmobilized reagent spots 108, 110, 112
ﬁn_d 114 by virtae of the progressively incréasing speed of rotaﬁon of the rotor 34.
The nucleic acid assay is_. now cot;iplete, except for detection. Im block 172, the
detection Operation is.can"ied out by slowing the rotor 34 to an indeking speed
~ (point 174 in Fig. 16A) and using the optical detector assémbly 68 to illuminate
" and detect the. immobilized reagent spots 108, 110, 112 and 114 in each of the
d_isimsable test 'nnits 36. Depending upon the parti_g_:ular_sﬁbstrate used, the
immobilized reagent spots 108, 110, 112 and 114 will be either chromogenic,
ﬂn_orescent, 'lumine_Scent or, as noted earlier, radioactive. It will be _appreciﬁted
~ that the indexing speed of the rotor 34 fepresented by point 174 in Fig. 16A may
either be constant or intermittent, dependmg upon whether the optlcal detector
assembly 68 reqmres that the test units 36 be stopped in order to properly detect
the immobilized reagent spots 108, 110, 112 and 114. The optical detector
assenibly 7_0 of Flg 3 indicates the position of each test unit 36 on the rotor 34
and, in the case where the rotor 34 must be stopped for detection, also indicates
the proper stopped pdsitioné of the rotor 34. The 'x'mclei_c acid assay procedure
_concludes in block 176, where data obtained from'. the optical assémbly 68 for
each of the test uhjts 36 is acquired, analyzed and archived by a computer-based
control system. o |
Flg. 17 is a flow chart which summarizes the series of operations eamed
out by the operator and by the apparatus 30 of Figs. 1 - 3 during an
immunoassay or nucleic acid ligand based assay. Figs. 18A and 18B are graphs

of rotational speed versus time and temperature versus time, respectively, which
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will assist in the understanding of the flow chart of Fig. 17. In blocks 178, 180
and 182 of Fig._17; the immﬁnoasSay or nﬁdeic acid ligand based assay procedure
is commenced using the same steps as th(_)s_e described in connection with blocks
120, 122 and 124 of Fig. 15. In block 184, both of the 'ihfrared. heaters 48 and 52
of Fig. 3 are controlled to heat the sample chambers 50 and 'detection sites 54 of
the disposable test units 36 to the desired xmmunoassay or nucleic acid ligand
based assay temperature of 37° C. Tlus is indicated by point 186 in Fig. 18B.
/After a short period of equilibration, the rotatlonal-.,speed of the rotor 34 is
'sequeneed through four progressively increasing. f:h_reshold levels, each folldwed

" by a three-minute inc_ubation period. This sequence of events is represented by
blocks 188 190, 192, 194, 196 | 198, 200 and 202 in Fig. '1‘.7 which correspond,

~ respectively, to blocks 148 152 154, 156, 160 162, 166 and 168 of Fig. 15. The
rotational speeds of the rotor 34 in blocks 188, 192, 196 and 200 of Fig. 17 are
represented by the pomts 204, 206, 208 and 210, respectively, of Fig. 18A. In
black 212 of Fig. 17 (corresponding to point 214 of Fig. 18A), indexed rotation of
' the rotor 34 takes place to allow detection of the immobilized reagent spots 108,
110, 112 and 114 by the optical assembly 68 of Fig. 3. This step is equivalent to
that represented by block 172 in Fig. 15. In block 216 of Fig. 17, data acquisition,
analysis and archiving is carried out by the computer-based control system as |
déscribed.préviously in connection with block 176 of Fig. 15. The assay is then
complete; It will be observed that the immunoassay or nucleic acid ﬁgand based
assay procedure of Figs. 17, 18A and | 18B is similar to the nucleic acid
amplification and assay procedure described previously in connection with Figs.
15,16A and 16B, except that the i - immunoassay or nucleic acid ligand based assay
_does_ not requlre the two-hour mcub_atlon period used for nucleic acid
amplification, nor the 41° C. and 95° C. heating 'steps. |

Fig. 19 illustrates thg manner in which two or more of the automated test

' instruments 30 of Figs. 1-3 may be connected to a single host computer 18. The
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host computer | receives test results nnd other data from the internal
'microoontroller boards 46 o_f the test instruments 30, and serves as a gateway for
making this da'ta_ available to other computers 220, 222 and 224 on a local area
network .(LAN)'_226 within a hospital or clinical laboratory. The host oomputer
218 may b¢ one of the compnt_ers on the 'LAN.226, or it may be a separate
computer which connects to the LAN 226 by means of a standard network
- interface such 'a_s Ethernet. .By distributing the system in this way, the test
'instruments 30 can be operated essentially in the same manner.as computer
peripheral devices for carrying out datﬁ acquisition, and the assay results can be
made generally - available throughOut ‘the organization served by tho' LAN.
~Support for da_tabaSe operations, display and printing czin_ be provided by
hardware already connected to the LAN 226, which reduces the need for dedicated
‘hardware. Hospitals, in 'particular, often have a mix ot‘ mainframe computers,
.- persoual computers lmked by local area networks, fiber optic networks and so
on. It is desirable to be able to place a new mstrument on line without
substantially affecting existing hardware and software, in order to minimize the
~ installation cost of the now instrument. In the case of the test instrument 30, this
is achiévéd by having the internal microcontroller board 46 run the in’strument
30, so that the 'compntatiOnal overhead of the host computer 218 is reduced to the
point where it can run the test instrument 30 in the background. Moreover, by
utilizing existing standardized hardware and Software for disolay, printing, data
distribution and arch.iv'in'g, the manufacturing cost of the test instrument 30 itself
is reduced, and the cgs.t.of installing and maintaining the instrument 30 is also -
reduced. | ' | |

Fig. 20 is n block diagram illustrating the principal electrical components
of the automated test instrument 30 of Figs. 1 - 3. The mncrocontroller board 46
controls the operatlons of the ¢est instrument 30 'md contains a microprocessor,

read-only memory (ROM) for storing pr(wmm code. and random 1ccese memory
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(RAM) for storing assay results and computational data during operation of the
test i'nstrum_en.lt' 30... The microcontroller board 46 received inputs from the first
and second optical assemblies 68 and 70 of Figs. 2 and 3. These inputs provide |
data relating to assay test results and the rotational position of the rotor 34. The
microprocessor also receives operator inputs from one or more external input
dévices 228, which may consist of "start" and "stop" puslibuttons, a semnsor for
detecting when the lid 32 is closed, and so on.. The outputs of the m_ic_rocontfoller ,
board 46 are connected to the infrared heaters 48-and 52 and to the motor 56
through re_spéctive driver circuits 230, 23_2 Snd 234. The driver circnits provide
appfopﬁate interfacing, isolation and current drive for the heaters 48, 52 and
mbto_r §6, respectively. Depehding upon the type of motor 56 used, the motor
driver circuit 234 may include servo control circuits for operating the motor at
preéise speeds and/or 'for_indéxing the motor between precise rotational pesitions.
Ifa stépper motor ié used fdr the motor 56, a known type of stepper motor drive
_ cireuit méy be employed for the driver circuit 234. The optical sensbr 70 used
for déteéting the rotational p'osition' of the rotor 34 may, if desired, be replaced
with a shaft encoder coupled to the shaft 58 of the lil_étor 36 or to the rotor 34,
The output 236 of the microcontroller board is preferably a standard interface,
such as an RS-232 'iliterfaée, which | can be connected directly to the bost
computei 218 of Fig. 19.

Figs. 21A and 21B ére enlarged plan and side sectional views, respectively,
ofa modified embodiment 36’ of the disposable test unit 36 described previously.
In the modified eli‘lbodixnent, the saniple chamber 50°, waste chamber 60’ émd_
reagent chambers 62’, 4 and 66’ are generally in the same positions as described
earlier, and the immobilized feagent Spots 108’, 110°, 112’ and 114’ are disposed
in the chahnel 82’ connecting the sample c_'hambell.' 50’ and waste chamber 60’ as
 before. In _the modified emhodiment of Figs. 21A la.nd ZIB, howeve'f, the channels
_. 84, 86’ and 88’ communicatixig with the respective reagent chambers 62’ 64’ and
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‘66’ lead directly to the inlet of iipstream end of the channel 82, without passing
through any intermediate chambers or channels. Thls arrangement may be
preferable in that the flow of liquid reagents between the reagent chambers 62’,
64’ and 66’ and the channel 82 is s_bmewhat_ smoot_lier and less impeded, but it is

also more difficult to fabricate because the channels 84’, 86’ and 88’ run paraliel

to each other for a portmn of their length. The modified embodiment illustrates

that the channels of the disposable test unit need not follow straight radial lines
_ relatlve to the axis of rotation of the rotor 34 in order for the liquid sample and
- reagents to move between the various chambers under the influence of centrifugal
force. However, in order to insure optimum liquid flow through each channel,
~ there should preferably be a component of centrifugal force acting in the desired
flow direction at each point along the channel. In practice, this means fhat the

channels can have any desired configuration as long as they'a're non-reversing;

that is, when v1ewed in the intended flow direction, each successive mcremental :

section of the channel should be no closer to the mtended axis of rotation (i.e.,
the axis of the rotor 34 in Figs. 1 - 3) than the preceding séction. Viewed from
thé sténdpoint of the test unit 36 or 36’ itself, the channels are non-reversing if
itis poésible to select at least one axis of rotation of the test unit for ﬁrhich all
: _channels éatisfy the previously stated cﬁndition. Clearly, there-are many diﬁ'erent
non-reversing channel configuratmns which can be used in the practice of the
_ present mventlon. . _

In a further embodiment of the invention, not illustrated in the drawings,
the test unit 36 maiy comprise top and bottom portions corresponding generally
to the portions 72 and 76 in Figs. 4 and 5, but made from a relatively thick, rigid

~ acrylic material. Rather than using heat sealing to secure the top and bottom
pdrtions together and to define the channels, a thin vinyl or polyester/ACLAR/

'polypfopylene menibrane is.ihterptyséd between the top and bottom portions, and

. the underside of the top 'port_ion has a projecting 're;lief pattem- which is in the
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shape of the heat seal patt_ern' 80 of Fig 6A. When tlle top and bottom portions
are secured together with screws or other suitable fasteners, th_e'membrane
.' provides a seal around the chalnbers and also defines the interconnecting
 channels in a manner similar to the heat seal pattern 80. The flexibility of the
membrane closes ol’f the channels in the absence of centrifugal force applied by
" the rotation of the rotor 34 of Figs. 1 - 3, in the same manner as the flexible top
R film 72 in Figs. 4 and 5. In this embodimellt, the .immobilized reagent spots 108,
110, 112 and 114 of Fig. 4 are preferably provided on the membrane (or on a
.nitroeellulose carrier that is affixed to the test unit by two parallel strips of
transfer tape ahgned in the llqmd flow direction) rather than on the acrylic
| material. '
In the embodlment Just descnbed the walls of the sample and reagent
chambers may be inclined at a somewhat shallower angle in the regions
| lmmedlately adjoining the channel entrances, in order to promote the entry of
liquid into the channels when the test unit is in use. - Preferably, the in_elination
ahgle bec_omes progressively steeper with decreasing distance fl‘om the axis of the
rotor 34 in Figs. 1 - 3; that is, the shallowest angle lis used for the sample
chambér aml the steepest angle is used for the last reagent chamber. This is
advantatgeous in that it tends to widen the differences in the rotational speeds at
which _ tlle successive chambers will empty of liquids. In one possible
implementation, axt ihclinat_ioﬂ angle of 30° is used for the sample chamber exit
- region and i_nclination atlgles of 48°, 67° and 85° respectively, .a're used for the exit
regions ol’ the ,suc(.:eeding reagent chsmbers. In addition to (or in lien of) the.
ihclined exit regions; the depth of the chambers may be made successively greater
in the _(lirection from the sample chamber radially inward toward the last reagent
-chamber. By thus requiring the liquids in the successive chambers to climb
progressively greatef dis_mm:es to reach the channel entrances, the differences in

the rotational speeds needed to empty the successive chambers will again be
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_ widened. In one possible iniplementa_tioh, the depth of _thé sample chamber is 4.4

millimeters and the depths of the .succeeding reagent chambers are 7.1
millimeters, 7.7 millimeters and 8.0 millimeter, respectively. It will be
app;'eéiated that the use of inclined charhber exit'regions and varying chamber
depths, although ﬁescribed in connecﬁoi: with the non-illustrated modified
.embodlment, may also be used m the previously-described embodiments
'lllustrated in Figs. 1 - 21.

As another feature of the modlﬁed embodiment described above, the.

X channel connectmg the sample and waste chambers (correspondmg to the channel

~ 82 or 82’ in the nllustrated embodiment described previously)- may be a fixed-
'dlmensmn_ channel or (_:aplllary_ which remains open even when lcentnfugal
‘pressure is not being applied to the liquid in the sample chamber. This is
feasible since the sample chamber is normally empty of liquid until just before
the test unit is placed into use, a.n_d'hence there is no -risl.c of liquids inadvertently
being caused to flow through the channel during shipping, storage and handling
of the test unit prior to use. Even with an open chanhel, centﬁfugal force will
still be required to qiuse the liquid sample to flow from the sample chamber to
the waste chamber, éithe_r because the liquid must incline sbmewhat to reach the
channel entrance or because of the inherent flow resistance of the channel or
capillary walls (or for both of these reésons). In some éases, these later effects
may exert 'silfﬁcient flow conirol that resiliehtly constricted channel walls may be
omitted from the test linit altogefher, even for the channels leading from the
) reagent éhambers. Again, althoﬁgh the use of fixed-dimension channels has been
described in connection with the non-illustrated embodlment, itis also apphcable
to the prevnously-descnbed embodlments xllustrated in Figs. 1 - 21.

Other modifications of the embodlments descnbe_d herein -are also

possible. For example, two,or more parallel channels may be provided between.

the sample and waSte chambers in lieu of the siligle channel 82 or 82, to
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facilitate the detection ot' different antibodies in certain types of immunoassays
~ (e.g., the IGG and IGM antibodies in an aésay for Rubella). Alternatively, two
or more independent sample chambers ..and channels me.y be provided, thereby
forming the functional equivhlent of two separate test units with common reagent
and waste chambers. In any or all of the embodiments described herem, venting
| may be provided in the various chambers of the test unit to promote liquid flow
through the mterconneetmg changels but thls_ should be done in such a way that
the test uhit remaiil__s effectively sealed against contamination. Alsq, it will be
apparent that the channels connecting the various chambers can be designe’d with
- different flow resistances if desu'ed and this may make it unnecessary to locate
‘the chambers at different radlal distances l:‘rom the axis of rotation in order to |
cause the llqllld blologlcal sample and hquld reagents to flow sequentially with
inereasing_.rotational speed. As a further al_terndtive, the orientation of the test
units on the rotor can be changed during the course of the assay, either manually
~or by a mechanical actuator within the test instrument 30 in order to modify the |
R centrifugal forces apphed to the chambers. It will also be apprecnated that the
constricted channels used in the illustrated embodiments may be replaced with
~ other types of flow control devices if desired, such as val‘_res,' weirs, eaplllanes or
the like. Microchannels of the type descﬁbed in the aforementioned co-pending
U.S. patent apphcatlon of Hugh V. Cottmgham, mcorporated by reference herein,
may also be used for this purpose.
' The foregomg is illustrative of the present mventlon, and is not to be
construed as lum‘tmg thereof, as numerous alternatives to the devices and
- methods described which incbrporate the p&sent invention will be apparent to
those skilled in the art. '.T-h'e invention is accordingly defined by the following
claims with equivalence of the claims to be included therein.
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" THAT WHICH IS CLAIMED IS:

1. A test unit for carrying out a clmwal diagnostie assay, comprising:
a sample chamber for receiving a liquid blologleal sample to be assayed
- a closure for sealmg said sample chamber _ _
- 'a sealed waste chamber for receiving sald hqmd blologleal sample from
said sample chamber- _
a first liquid flow path for said liquid blologlcal sample extendmg between
sald sample chamber and said waste chamber- ' B
non-t‘ranglble flow control means for prev'eating the flow of said liquid
.bioldgical sample th'roagh s_aid. first liquid flow [Sath in the absence of a force
applied to said sample, aad for permitting said liquid biological sample to flow
through said first liquid flow path when at least a predetermmed minimum force
is applied to said sample- and ,
~ at least a first immobilized reagent dlsposed in said liquid flow path for
eontactmg sald-hqmd biological sample as said sample flows from said sample
chamber to said waste chamber.
2. A test unit for carrying out a clinical diagnostic assay, comprising:
a sample chamber for receiving a liquid biological sample to be assayed;
a closure for 's'ealing said sample chamber; |
a sealed waste ehamber spaced from said sample chamber for receiving _
said hqlud blologleal sample from said sample chamber;
a first liquid flow path for said liquid biological sample', said first liquid
flow path extendjhg ina noh-reversing manner between said sample chamber and -
said waste chamber; and | | | '
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at least a first iminobiliied reagent disposed in said liquid flow path for
contactmg said liquid biological sample as said sample ﬂows from said sample
' chamber to said waste chamber.

3. A tesf unit aé claimed in claim 1 or .2, wherein said immobilized reagent

comprises a nucleic acid probe.

4. A test unit as claimed in.clai_m'?), further comptising a dried amplification
reagent disposed in 'said | sample chamber for cairrying out nucleic acid

ampli_ﬁcation in said -liquid biological sample.

5. A test unit as claimed in claim 1 or 2, wherein said sample chamber is

provided vﬁth an '_open_i'ng for allowing said liquid biological salhple to be
| ‘introduced into said sample- chamber’, and whetein said closure is movable from
an open position to a closed position to seal said openmg after said hquld

biological sample has been introduced.

6. | A test unit as claimed in claim 1 or 2, further comprising:

at least one rea,gént chahlb_er for 'odnfaining a liquid reagent; and

a second liquid ﬂow'path between said reagent chamber and said first
liquid ﬂo;-} path. -

7. - A test unit as claimed in claim 6, wherein said second liquid flow path

communicates directly with said first liquid flow path.

- 8. A test unit as claimed in claim 6, wherein sald second liquid flow path

commumcates mdlrectly wnth said first liquid flow path through sald sample
chamber.
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9. A test unit as claumed in claim 1, Wherein: |

said first liquid flow path comprises a channel, and wherein said non-
frangible ﬂow_ control meéns .comprises' at icast a portion of said channel which
- -constricts to prevent the ﬂotv of said liquid biological sampie through said.
channél in the absence of a force applied to said sample, and which éxpands to
. permit said llqmd blologlcal sample to flow through said channel when at l&st

sald predetermmed mmmum force is applled to said sample.

10. A test unit as claimed in claim 9 wherein said channel or portion thereof
.com_pri.ses oppdsed walls Which are substantially_ in contact with each other in the
absence of a force applied to said liquid biological sampie, at least one of said
walls having sufficient resiliency to allow said walls to be fofced hpart to permit
said liqui_d bio_logiéal _satnple to flow through said channel when at least said

predetermined minimum force is applied to said sample.

11. A method for'carrying out a clinical diagnbét_ic assay, comprising the steps
.of: ) - ' T '

_ i)roviding'a test unit having a Sampl_e chamber, a waste chamber spaced
from said sample chamber, a first liqxiid flow path between said sample chamber
and sald waste chambé'r, and at least a first immobilized reagent disposed in said
first lignid flow path"; | | '

introducing a 'liquid biological sample into said sample chamber;

._ mounting sa1d test unit for rotation about an axis with said test unit
oriented such that rotatlon about saxd axis causes centrifugal force to be applied
to said liquid biological sample in a direction from said sample chamber to said
w?aste chamber; | | |

~ rotating said test un,it. about said axis at a first rotational speed sufficient
to cause said liquid biological sample to flow through said first liquid flow path
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~ from said sample chamber to said waste chamber by centrifugal force, and to
thereby contact said first 'immobilized reagent; and

' detectmg the presence or absence of a chemical or biological component
in sald liquid biolegical sample based on a response or lack of response of said

first immobilized reagent to said liquid biological sample.

12 A method as claimed in claim 11, wherein said first liquid flow path
normall'y provides sufficient flow resistance to prevent the flow of said liquid
biological sample through said first liquid flow path, and wherein the step of
rotating said test unmit about said axis causes said liquid biological sample to
overcome said flow resrstance by means of the centnfugal force applied to said

..llqllld biological sample. '

13. .A method as claimed in claim 12, wherein said test it further comprises
a reagent chamber contammg a liquid reagent and a second liquid flow path
between said reagent chamber and said first liquid ﬂow path, said reagent
chamber being posxt_loned such that rotation of said test unit about said axis
causes centrifug_al force to be applied to said liquid reagent in the direction from
said reagent chamber to said first liquid flow path, said second liquid flow path
providing sufficient flow resistance to prevent the ﬂow of said liquid reagent
through said second hqmd flow path when said test unit is rotated at said ﬁrst

" rotational speed, and further compnsmg the step of:

| subsequent to the step of rotating said test unit about said axis to cause
said liquid biological sample to ﬂow through said first liquid flow path, and prior
to said detection step, rotating said test unit about said axis at a second
rotational speed greater than said first rotational speed to cause said liquid
reagent to flow through saigd second liquid flow path from said reagent chamber
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to said first liquid ﬂow path and through said first hqmd flow path to said waste
chamber.

14. A method as claimed in claim 11, further comprising the step of sealing
said sample chamber after introducing said liquid biological sample therein and
before causing said liquid biological sample to flow _through said first liquid flow
path.

15. " A method as claimed in claim 14, wherein said waste chamber is sealed
to prevent leakage of said liquid biologlcal sample therefrom, and further

compnsmg the step of disposmg of said test unit after said detection step.

'16. A method as claimed in claim 11, wherein said test unit further coniprises
a second iinmobiiized reagent disposed in said first.liqnid flow path, said second
immobilized reagent being different from said first immobilized reagent to detect
a second chemical or biological component in said hquld biological sample, and
further wherein: | ' '

‘the step of rotating'said test unit about said axis at said first rotational
speed to cause said liquid biological sample to flow 'thr_oug'h said first liquid flow
path and to thereby contact said first immobilized reagent also causes said liquid
biologicai sample to contact said second imniobilized reagent; and

| said detection ste_p includes the step of detecting the presence or absence
of said second cheniical or biological component based on a response or lack of

response of _said second immobilized reagent to said liquid biological sample.

17. A method as claimed in claim 11, wherein said immobilized reagent
comprises a nucleic acid probe, and further comprising the sfep of carrying out

'nuc_lei'c acid amplification in said liquid biological sample after introducing said
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sample into said sample chambér 'and before causing said sample to flow through

said first liquid flow path.

18. An apparatus for performmg a plurahty of clinical diagnostic assays
substantlally simultaneously, said apparatus compnsmg

' a rotatable holder for carrying a plurallty of test unlts and for rotating
- said test units about an axis; ' _ _

a source ot‘ rotary power for rotating sald rotatable holder about saxd axls,

é_nd _ _ _ .
| ~a plurality of test units carried by said rotatable holder and spaced
~ circumferentially about said axis, each of said test units comprising a sample
chamber for receiving a liquid biological séample to be assayed, a waste chamber
for recemng said hquld biological sample from said sample chamber, a first
liquid flow path between said sample chamber and said waste chamber, and at
least a first immobilized reagent dnsposed in said first liquid flow path, each of
said disposable test. units being oriented with respect to said rotatable holder in
a m#nner such that said sample chamber is.located_ closer to said axis than said
_waé’te chamber in order to cause said liquitl biologiéal sample to flow through
said first liquid flow path from said sample chamber to said waste chamber and
to thereby be b:dught into. contact with Said_ first immobilized reagent when
centrifugal force is exerted .on said liquid biological sample by rotation of said
holder at a first rotatlonal speed.
19. An apparatus as clalmed in claim 18, further compnsmg at least a first
sensor for detecting respo_nse_s by said fi rst immobilized reagents of said test units

to the présencg of a chemical or biological component in said liquid biological

samples.
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- 20, An apparatus as claimed in claim 19, Qhemin said fifst sensor is mounted

at a fixed position with respect to said rotatabie holder.

2.  An apparatus as ciai_med in claim 20, wherein said source of rotary power -

is adapted to index said rotatable holder about said 'axis in order to allow said

first sensor to detect sald responses during stopped intervals of said rotatable
holder. '

'22.  An apparatus as claimed in claim 18, further comprising at least a first

- heat source for applying heat to the samp_le chambers of said test units.

23..' An appératus as claimed in claim 22, further comprising a second h'eat
source for. applying heat to the ﬁrst liquid flow paths and first immobilized

reagents of said test umts.

24. ' An apparatus as claimed in claim'23., wheréin said first and second heat

sources are disposed at fixed positions with respect to said rotatable holder.

' 25. An apparatus as clalmed in claim 18 wherem each of said test units

- further comprises: _

a reagent chamber for contammg a llquld reagent, said reagent chamber
bemg located closer to said -axis than said first liquid flow path when said test
unit is carried by s.ald rotatable holder; and

a second liquid flow path betv_veen said reagent chamber and said first
liquid flow path, said second liqﬁid l'lonath_ includiné' flow control means for
preventing the'ﬂ_(_)w of said liquid i'eagent therethrdugh at said first rotational
speed and fqr permitting the¢ flow of said liquid reagent therethrough at a second

ro'tation#l speed higher'than said first rotational speed; -
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and wherein said app_aratns further comprises control means connected to
said source of rotary power for selectively operating said source of rotary power

at said first or second rotational speed.

26 An apparatus as clalmed in claim 19, wherem each of said test units
comprises a second 1mmoblllzed reagent dlsposed in sald first liquid flow path,
said second immobilized reagent being different from said fi_rst immobilized
. reagent for responding to the presence of a different chemical or biological
component in said liquid biological sample, and Wherein said apparatus
comprises at least a second sensor for detecting responses by said second

immobilized reagents.

27. An "_apparatus as claimed in claim 26, wherein said first and second
_ immobilized reagents generate responses selected from the group consisting of
chromogenic; ﬂuorescent, 'cheniilurnine'scent, biolnminescent and radioactive

responses.

28. An apparatus as claimed in claim 18, further coniprising automated
control means connected to said source of rotary power and to sald sensor for

effecting automatlc control of said apparatus.

-29. A method for performing a plurality of clinical diagnostic ‘assays
substantlally s1multaneously, comprising the steps of: |
provxdlng a plurahty of test units for receiving liquid bmloglcal samples
to be assayed, each_ of said test units having a se_alable sample port through which
said liquid biological sarnple is introduced into said test unit;
. providing a test apparatus for receiving said plurahty of test umts, said
test apparatus having means for sealing said sample ports;

-
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- placing said test units into said test apparatus; _ :
introducing liquid biological samples into said test units through .said'-
sample ports; and ' S , o
operatmg sand seahng means to seal the sample ports of sald test units.

30. A method as claimed in claim 29, wherein said each 61‘ said test uwnits
includes an adhesive closure for sealing said sample port, and wherein the step
of _operéting said sealing means comprises the step of pressing said adhesive

closure over said _sampl_e port in order to seal said s#mple port.

3l. A method as claimed in claim 30, where‘in' the step of pressing said
‘adhesive closure over said sample port is carried out by closing a lid of said test

_apparatus.-
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