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(54) Title: DEVICE FOR CARRYING OUT CHEMICAL OR BIOLOGICAL REACTIONS

(57) Abstract: The invention relates to a device for carrying out
of chemical or biological reactions with a reaction vessel receiv-
ing element for receiving a microtiter plate with several reaction
vessels, wherein the reaction vessel receiving element has several
recesses arranged in a regular pattern to receive the respective re-
action vessels, a heating device for heating the reaction vessel
receiving element, and a cooling device for cooling the reaction
vessel. The invention is characterized by the fact that the reaction
vessel receiving element is divided into several segments. The in-
dividual segments are thermally decoupled from one another, and
each segment is assigned a heating device which may be actuated
independently of the others. By means of the segmentation of the
reaction vessel receiving element, it is possible for zones to be
set and held at different temperatures. Because the reaction ves-
sel receiving element is suitable for receiving standard microtiter
plates, the device according to the invention may be integrated in
existing process sequences.
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DEVICE FOR CARRYING QUT

CHEMICAL OR BIOLOGICAL REACTIONS

| DESCRIPTION OF THE INVENTION

Related Applications

[0001] This application is a PCT application which claims benefit to U.S.
Serial No. 11/850,345, filed September 5, 2007, which is a continuation-in-part of
application U.S. Serial No. 11/470,463, filed September 6, 2006, which claims the
benefit of U.S. Provisional Application No. 60/680,891, filed on May 13, 2005, and is a
continuation in part of application U.S. Serial No. 10/089,136, filed December 23, 2002,

all of which are incorporated herein by reference in their entirety.

Field of the Invention

[0002] The present invention relates to a device for the carrying out of
chemical or biological reactions with a reaction vessel receiving element for receiving
reaction vessels, wherein the reaction vessel receiving element-has several recesses
arranged in a pattern to receive reaction vessels, a heating element for heating the
reaction vessel receiving element, and a cooling device for cooling the reaction vessel

receiving element.

Introduction

[0003] Testing of biological or chemicallsamples often requires a device for
repeatedly subjecting multiple samples though a series of temperature cycles. Such
devices are described as thermocyclers or thermocycling devices and are used to
generate specific temperature cycles, i.e. to set predetermined temperatures in the
reaction vessels and to maintain predetermined intervals of time.

[0004] A conventional device of this kind is known from U.S. Patent No.

5,525,300. The disclosed device has four reaction vessel receiving elements, each with

1
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recesses arranged in a regular pattern. The pattern of the recesses corresponds io a
| known pattern of reaction vessels of standard microtiter plates, so tha_t microtiter plates
with their reaction vessels may be inserted in the recesses.

[0005] The heating and cooling devices of a reaction vessel receiving element
are so designed that a stepped terhperature gradient extending over the reaction Vvessel
receiving element may be generated. This means that, during a temperature cycle,
different temperatures may be obtained in the individual reaction vessels. This makes it
possible to carry out certain experiments at different temperatures simultaneously.

[0006] This stepped tempelrature gradiént is used to determine the optimal
denaturing terﬁperature, the optimal annealing temperature, and the optimal elongation

- temperature of a PCR reaction. To achieve this, the same reaction mixture is poured
into the individual reaction \)essels, and the femperature cycles necessary to perform
the PCR reaction are executed. Such a temperature cycle comprisés the heating of the
reaction mixture tb the denaturing temperature, which usually lies in the range 90°-
95°C, cooling to the annealing temperature, which is usually in the range 4d°-60°C and
heating to the elongation temperature, which is usually in the range 70°-75°C. If desired,
the time of each cycle can< also be varied. A cyc[e‘ of this kind is repeated several times,
leading to amplification of a predetermined DNA sequence.

[0007] Since a stepped temperature gradient can be set, different but
predetermined temperatures are set in the individual reaction vessels. After completion
of the cycles it is possible to determine, with the aid of the reaction products, those
temperatures at which the PCR reaction will give the user the optimal resﬁ[t. Here the

result may be optimised e.g. in respect of product volume or also product quality.
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[0008] The annealing temperature, at which the primer is added, has a
powerful influence on the result. However the elongation temperature too can have
beneficial or adverse effects on the result. At a higher elongation temperature, the
addition of the bases is accelerated, with the probability of errors'increasing with higher
temperature. In addition, the life of the polymerase is shorter at a higher elongation
temperature.

[0009] A thermocycling device, by which the stepped temperature gradient
may be set, makes it much easier to determine the desir'ed temperatures, since a
reaction mixture may simultaneously undergo cycles at different temperatures in a
single thermocycling device.

[0010] Another important parameter for the success of a PCR reaction is the
different residence volumes spread over different reaction vessels. Problems arise with
conventional devices as these parameters can not be varied in one test series for an
individual reaction vessel holder. To test different residence vblumes, several test
series are required and are performed either consecutively in one thermocycling device
or simultaneously in several thermocycling devices.

[0011] For this purpose there are so-called multiblock thermocycling devices
with several reaction vessel receiving elements, each provided with separate cooling,
heating and control devices (see U.S. Patent No. 5,525,300). The reaction mixture to
be tested must be distributed over several microtiter plates, for testing independently of
one another.

[0012] Problems arise in determining the optimal residence times, rates of

temperature change, and residence volumes using conventional thermocycling devices
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because it is necessary to have either several thermocycling devices or a mulitiblock
thermocycling device, or to carry out tests in several consecutive test series. The
acquisition of several thermocycling devices or of a multiblock thermocycling device is
costly and the carrying-out of several consecutive test series takes too long. In addition,
handling is laborious when only part of the reaction vessels of several microtiter plates
is filled, with each of the latter being tested and optimised in separate test series. This is
especially disadvantageous in the case of devices which operate automatically and in
which the reaction mixtures are subject to further operations, since several microtiter
plates m&st then be handled separately. It is also extremely impractical when only part
of the reaction vessels of the microtiter plates is filled, since the devices for further
processing, such as e.g. sample combs for transferring the reaction products to an
electrophoresis apparatus, are often laid out on the grid of the microtiter plateé, which
means that further processing is correspondingly limited if only part of the reaction
vessels of the microtiter plate is used.

[0013] U.S. Patent No. 5,819,842 discloses a device for the individual,
controlled heating of several samples. This device has several flat heating elements
arranged in a grid pattern on a work surface. Forméd below the heatiﬁg glements is a
cooling device which extends over all the heating elements. In operation a specially
designed sample plate is placed on the work surface. This sample plate has a grid
plate, covered on the uncierside by a film. The samples are poured intd the recesses of
the grid plate. In this device the samples lie on the individual heating elements,

separated from them only by the film. By this means, direct heat transfer is obtained.
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Problems arise witﬁ this device because specially designed microtiter plates must be
used and commonly available ones cannot be used.

[0014] Moreover, with increasing automation in biotechnology, thermocyclers
are increasingly being used in automated production lines and with robots as one of
several work stations. Here it is customary for the samples to be passed in microtiter
plates from one work station to the next. Problems arise with the themocy./cler disclosed
by U.S. Patent No. 5,819,842 as it would be necessary for the samples to be pipetted
out of a microtiter plate into the specially designed sample plate before temperature
adjustment, and from the sample plate into a microtiter plate after temperature
adjustment. Here there is a risk of contamination of the samples. The use of this
specially designed sample plate must therefore be regarded as extremely
disadvantageous.

[0015] Thus, there is a need to overcome these and other problems of the
prior art to provide a method and system for controlling the temperature of a sample

block of a thermocycler.

SUMMARY OF THE INVENTION

[0016] According to various embediments, the present teachings include a
thermocycler for processing biological or chemical samples. The thermocycler can
include a sample block configured to receive one microtiter plate and configured to
define a plurality of zones and a thermoelectric cooling device (TEC) disposed in each
of the plurality of zones, wherein fhe TEC provides course heating of the zone to near a

control temperature. The thermocycler can further include a heating element disposed
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in each of the plurality of zones, wherein the heating element provides fine heating of
the zone to about the control temperature.

[0017] According to various embodiments, the present teachings also include
a system for ﬁrocessing biological or chemical samples. The system can include a
sample block defining a plurality of zones and a detachable microtiter plate configured
to detach into a plurality of segments, wherein the plurality of segments correspond to
the plurality of zones. The system can further include a thermoelectric cooling device
(TEC) disposed in each of the plurality of zones and a temperature sensor disposed in
each of the plurality of zones. The system can also include a heating element disposed
in each of the plurality of zones, wherein the TEC provides course heating of the zone
and the heating element provides fine_heating of the zone.

[0018] According to various embodiments, the present teachings further
inctude a method for processing biclogical or chemical samples. The method can
include denaturing samples in a first portion of a microtiter plate at a temperature Tgq by
heating a first zone of a sample block, wherein a ﬁrs_t thermo electric cooling device
(TEC) provides coarse heating of the firét zone to a temperature near T and'a first
heating element provides fine heating of the first zone to about Tyy. The method can
also include denaturing samples in a second portion of the microtiter plate at a
temperature T4z by heating a second zone of the sample block, wherein a second
thermo electric cooling device (TEC) provides coarse heating of the second zone to a

temperature near Tyz and a second heating element provides fine heating of the second

zone to about Tys.
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[0019] It is to be understood that both the foregoing general description and
the following detailed description are exemplary-and explanatory only and are not
restrictive of the invention, as claimed.

[OOZDj The accompanying drawings, which are incorporated in and conétitute
a part of this specification, illustrate several embodiments of the invention and together

with the description, serve to explain the principies of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 depicts a section through a device according to the
invention for carrying out chemical or biological reactions in accordance with an
embodiment;

[0022] Figure 2 depicts a section through an area of a device according to
the invention for carrying out chemical or biological reactions in accordance with
another embodiment;

[0023] Figure 3 depicts a schematic plan view of the device of Figure 2;

[0024] Figure 4 depicts a schematic plan view of a device according to
another embaodiment;

[0025] = Figure 5 an area of the device of Figure 4 in a sectional view along the
line A-A,;

[0026] Figures61to9 depicf schematic plan views of reaction vessel

receiving elements with differing segmentation;

[0027] Figure 10 depicts a clamping frame in plan view;
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[0028] Figure 11 depicts a device according to the inﬁention in which
segments of a reaction vessel receiving element are fixed by the clamping frame
according to Figure 10;

[0029] Figure 12 depicts a further embodiment of a device according to
the invention in section, iri which segments of a reaction vessel receiving element
are fixed by the clamping frame according to Figure 10; |

[0030] Figure 13 depicts an exploded perspective view of a thermocycling
device in accordance with the present teachings;

[0031] Figure 13A depicts a perspective view of a TEC in accordance with the
present teachings; |

[0032] Figure 13B .depicts an exploded perspective view of another
thermocycling device in accordance with the present teachings;

[0033]‘ Figure 13C depicts an exploded perspective view of ancther
thermocycling device including a heat pipe cooler in accordance with the present
teachings;

[0034] Figure 14A depicts a perspective view of a sample block configured to
define a plurality of zones in accordance with the present teachings;

[0035] Figures 14B-C depict perspective views of sample block segments in
accordance with the present teachings;

[0036] Figure 14D depicts a perspective view of drip pan configured to secure
a plurality of sample block segments in accordance with the present teachings;

[0037] Figure 15 depicts a perspective view of exemplary zones in

accordance with the present teachings;
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[0038] Figure 16 schematically depicts multiple switches directing current
from rﬁu!tiple power amplifiers to heating/cooling elements in accordance with the
present teachingsﬁ

| [0039] Figure 17 depicts a perspective view of a microtiter plate in accordance
with the present teachings;

[0040] Figuré 18 depicts a perspective view of a slot in a microtiter plate in
accordance with the present teachings;

[0041] Figure 19 depicts a perspective view of a modular microtiter plate in
accordance with the present teachings;

[0042] Figure 20 depicts a perspective view of a modular microtiter plate
holder in accordance with the present teachings;

[0043] Figure 21 depicts a perspective view of a microtiter plate segment in
accordance with the present teachings;

[0044] Figure 22 depicts a machined sample block segment in accordance
with the present teachings;

[0045] Figures 23A-23B depict sample block segments formed by metal
injection molding in accordance with the present teachings.

[0046] Figure 24 depicts another sample block segments formed by metal
injection molding in accordance with the present teachings.

[0047] Figure 25A depicts a top view of a thermal cycler including six zones
for simultaneous zonal amplification of different targets in accordance with the present

teachings.
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[0048] Figure 25B is a chart depicting the denaturing step in six zones for
simultaneous zonal amplification of different targets in accordance with the present
teachings.

[0049] Figure 26 depicts exerﬁp[ary imaging optics for fluorescence detection
in accordance with the present teachings.

[0050] Figures 27A-27B and 28 depict different embodiments for detection of

real-time PCR in the sample block segments.

DESCRIPTION OF THE EMBODIMENTS

[0051] In the following description, reference is made to the accompanying
drawings that form a part thereof, and in which are shown by way of illustration specific
exemplary embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail o enable those skilled in the art to practice the
invention and it is to be understood that other embodiments may be utilized and that
changes may be made without depérting from the scope of the invention. The following
description is, therefore, not to be taken in a limited sense.

[0052] Notwithstanding tﬁat the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set forth in
the specific examples are reported as precisely as possiblé. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard
deviation found in their respective testing measurements. Moreover, all ranges
disclosed Kérein are to be understood to encompass any and all sub-ranges subsumed
therein. For example, a range of "less than 10" can include any and all sub-ranges

between (and including) the minimum value of zero and the maximum value of 10, that

10
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is, any and all sub-ranges having a minimum value of equal to or greater than zero and
a maximhm value of equal to or less than 10, e.g., 1to 5.

[0053] As used herein, the terms “sample plate,” "microfitration plate,”
“microtiter plate,” and “microplate” are interchangeable and refer to a multi-welled
sample receptacle for testing of chemical and biological samples. Microplates can have
wells that are conical, cylindrical, rectilinear, tapered, and/or flat-bottomed in shape, and
can be constructed of a single material or multiple materials. The microplate can
conform to SBS Standards or it can be non-standard. Microplates can be open-faced
(e.g. closed with a sealing film or caps) or close-chambered (e.g. microcard as
described in U.S. Pat. No. 6,825,047). Open-faced microplates can be filled, for
example, with pipettes (hand-held, robotic, etc.) or through-hole distribution plates.
Close-chambered microplates can be filled, for example, through channels or by closing
to form the chamber.

[0054] Figures 1 to 21 depict exemplary embodiments of methods and
systems that include a reaction vessel receiving element divided into several segments,
with the individual segments thermally decoupled and each segment assigned a heating
element which méy be actuated independently.

[0055] By this méans the individual segments of the device may be set to
different temperatures independently of one another. This makes it possible not only to
set diffierent temperature levels in the segments, but also for them to be held for varying
lengths of time or altered at different rates of change. The device according to the

invention thus permits dptimization of all physical parameters critical for a PCR process,

11
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while the optimization procesé may be carried out on a single reaction vessel receiving
element in which a microtiter plate may be inserted.

[0056] With the device according to the invention it is therefore also possible
o optimise the residence times and rates of iemperature change without having to
distribute the reaction mixture over different microtiter plates for this purpose.
Moreover, it is also possible tlo optimize the mixture volume by varying the mixture
volume over different reaction vessel segments.

[0057] The thermocycling device according to the invention is in particular
suitable for optimizing the multiplex PCR process, in which several different primers are
used. |

[0058] Fig. 1 shows a first embodiment of the device 1 according to the
invention for carrying out chemical or biological reactions in a schematic sectional view.

[0069] The device has a housing 2 with a bottom 3 and side walls 4. Located
just above and parallel to the bottom 3 is an intermediate wall 5, on which are formed
several bases 5a. In the embodiment shown in Fig. 1, a total of six bases 5a are
provided, arranged in twb rows of three bases 5a each.

[0060] Mounted on each of the bases 5a is a heat exchanger 6, a Peltier
element 7 and a segment 8 of a reaction vessel receiving element 9. The heat
exchanger 6 is part of a cooling device and the Peltier element 7 is part of a combined
heating and cooling device. The elements (heat exchanger, Peltier element, segment)
mounted on the bases 5a are bonded by an adhesive resin with good heat conducting
properties, so that good heat transfer is realized between these elements, and the

elements are also firmly connected to a segment element 10. The device has

12
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altogether six such segment elements 10. Instead of adhesive resin, a heat conducting
film or a heat conducting paste may also be provided.

[0061] Each of the segments 8 of the reaction vessel receiving element 9 has
a base plate 11 on which tubular, thin-vyalled reaction vessel holders 12 are integrally
formed. In the embodiment depicted in Fig. 1, in each case 4 x 4 reaction vessel
holders 12 are arranged on a base plate 11. The distance d between adjacent
segments 8 is such fhat the reaction vessel holders 12 of all segments S are arranged
in a regular pattern with constant grid spaciné D. The grid spacing D is chosen so that
a standardised microtiter plate with its reaction vessels may be inserted in the reaction
vessel holders 12. In various other embodiments, D is not a constant but varies to meet
the desired application needs.

[0062] By providing the distance d between adjacent segments, an air gap
which thermally decouples the segments 8 and segment elements 10 respectively is
formed. |

[0063] The reaction vessel holders 12 of the device shown in Fig. 1 form a
grid with a total of 96 reaction vessel holders, arranged in eight rows each with twelve
reaction vessel holders 12. One of ordinary skill in the art understands that
embodiments including more or less than 96 reaction vessel holders are contemplated.

[0064] The Peltier elements 7 are each connected electrically to a first control
unit 13. Each of the heat exchangers 6 is connected via a separate cooling circuit 14 to
a second control unit 15. The cooling medium used is for example water, which is

cooled in the cool temperature control unit before transfer to one of the heat exchangers

6.
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[0065] The first control unit 13 and the second control unit 15 aré connected
fo a central control unit 16 which controls the temperature cycles to be implemented in
the device. Inserted in each cooling circuit 14 is a control valve 19, which is controlled
by the central control unit 16 to open or close the respective cooling circuit 14.

[0066] Pivotably attached to the housing 2 is a cover 17 in which additional
heating elements 18 in the form of Peltier elements, heating ﬂims or semiconductor
heating elements may be located. The heating elements 18 form cover heating
elementis, each assigned to a segment 8 and separately connected to the first control
unit 13, so that each heating element 18 may be individually actuated. In various
embodiments, heating element 18 can be single or muitiple heating elements that cover
the all of the reaction vessel éegments or overlap to cover several segments.

[0067] The mode of operation of the device according to the i_nvention is
explained in detail below. -

[0068] There are three modes of operation.

‘[0069]. In the first operating mode all segments are set to the same
temperature, i.e., the same temperature cycles are run on all segments. This operating
mode corresponds to the operation of a conventional thermocycling device.

[0070] In the second operating mode the segments are actuated with different
temperatures, wherein the temperatures are so controlled that the temperature
difference AT of adjacent segments 8 is less than a predetermined value K which
amounts for example to 5°-15°C. The value to be chosen for K depends on the quality

of the thermal decoupling. The better.the thermal decoupling, the greater the value

which can be chosen for K.

14
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[0071] The temperature cycles input by the user may be distributed
automatically by the central control unit 16 to the segments 8, so that the temperature
differences between adjacent segments are kept as small as possible.

[0072] This second operating mode may be provided with a function by which
the user inputs only a éingle temperature cycle or PCR cyclg, and the central control
unit 16 then varies this cycle automatically. The parameters to be varied, such as
temperature, residence time, mixture volume, or rate of temperature change, may be

chosen by the user separately or in combination. Variation of the parameters is effected
| either by'linear or sigmoidal distribution.

[0073] In the third operating mode, only part of the segments is actuated. In
plan view (Fig. 3, Fig. 4, Figs. 6 to 9) the segments 8 have side edges 20. In this
operating mode, the segments 8 adjacent to the side edges of an actuated .segment 8
are not actuated.- If the segments 8 themselves form a regular pattern (Fig. 3, Fig. 4,
Fig. 6, Fig. 7 and Fig. 8), then the actuated segments are distributed in a chessboard
pattern. In the embodiments shown in Figs. 1 to 4, three of the six segments 8 can be
actuated, namely the two outer segments of one row and the middle segment of the
other row.

[0074] Inthis operating mode the actuated segments are not influenced by
the other segments, and their temperature may be set completely independently of the
other actuated segments. By this means it is possible to run quite different temperature
cycles on the individual segments, with one of the segments for example heated up to
the denaturing temperature and another held at the annealing temperature. Thus it is

possible for the residence times, i.e. the intervals of time for which the denaturing

15



WO 2008/030914 PCT/US2007/077696

temperature, the annealing temperature and the elongation temperature are held, also
the rates of temperature change, to be set as desired, and run simultaneously on the
individual segments. In this way it is possible to optimize not only the temperatures, but
also the residence times, mixture volume, and the rates of temperaturé change.

[0075] In this operating mode it may be expedient to heat the‘non-actuated
segments 8 a little, so that their temperature lies roughly in the range of the lowest
temperature of the adjacent actuated segments. This avoids the non-actuated segments
forming a heat sink for the actuated segments and affecting their temperature profile
adversely.

[0076] A second embodiment of the device according to the invention is
shown in Figs. 2 and 3. The basic design corresponds to that of Fig. 1, so that identical
parts have been given the same reference number.

[0077] The second embodiment differs from the first embodiment by virtue of
the fact that the side edges 20 of the segments 8 adjacent to the side walls 4 of the
housing 2 engage in a slot 21 running round the inner face of fhe side walls 4, and are
fixed therein for example by bonding. By this means the individual segment elements
10 are fixed in space, thereby ensuring that despite the form of the gaps between the
segment elements 10, all reaction vessel holders 12 afe arranged in the pattern of the
reaction vessels of a microtiter plate. The side walls 4 of‘the'housing 2 are made of a
non heat conducting material. This embodiment may also be modified such that the slot
21 is introduced in a frame formed separately from the housing 2. The frame and the
ségments inserted in.it form a part which may be handled separately during production

and is bonded to the heating and cooling devices.
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[0078] A third embodiment is shown SChematically in Figs. 4 and 5. In this
embodiment, ties 22 of non heat conducting material are located somewhat below the
base plates 11 of the segments 8 in the areas between the segment elements 10 and
between the segment eléments 10 and the side walls 4 of the housing 2. On the side
edges 20 of the segments 8 and of the base plates 11 respectively are formed hook
elements 23 which are bent downwards. These hook elements 23 engage in
corresponding recesses of the ties 22 (Fig. 5), thereby fixing the segments 8 in their
position. The hook elements 23 of adjacent segments 8 are offset relative to one
another. The ties 22 thus fofm a grid, into each of the openings of which a segment 8
may be inserted.

[0079] This type of position fixing is very advantageous since the boundary
areas between the segments 8 and the ties 22 are very small, so that heat transfer via
the ties 22 is correspondingly low. Moreover this arrangelment is easy to realise even in
the confined space conditions between adjacent segment elements.

[0080] Shown in schematic plan view in Figs. 6 to 9 are reaction vessel
receiving elements 8 which represent further modifications of the device according to
the inventipn. In these reaction vessel receiving elements 9, the individual segments 8
are joined by webs 24 of a thermally insulating material joined to form a single unit. The
ties 22 are arranged between the side edges 20 of the base platés 11, to which they are
fixed for example by bonding.

[0081] The segmentation of the reaction vessel receiving element _of Fig. 6.
correspgnds to that of the first and second embodiment (Fig. 1-3), in which 4 x 4

reaction vessel holders are arranged on each segment B.

17



WO 2008/030914 PCT/US2007/077696

[0082] The reaction vessel receiving element 9 shown in Fig. 7 is comprised
of 24 segments 8 each with 2 x 2 reaction vessel holders 12, while the segments 8 are
in turn connected by means of thermally insulating webs 24.

[0083] In the reaction vessel receiving element 9 shown in Fig. 8, each
seg'ment 8 has only a single reaction vessel holder 12.

[0084] For the relatively finely sub-divided reaction vessel receiving elements
9 it is expedient to integrate temperatufe sensors in the thermocycling device. These
temperature sensors sense the temperatures of the individual segments, so that the
temperature of the segments 8 is regulated in a closed control loop on the basis of the
temperature values determined by the temperature sensors.

t0085] Infrared sensors may for example be used as temperature sensors,
located e.g. in the cover. With this sensor afrangement it is possible to sense the
temperature of the reaction mixture directly.

[0086] Fig. 9 shows a reaction vessel receiving element 9 with six segments
8, rectangular in plan view, and a segment 8a in the form of a double cross formed by
three intersecting rows of reaction vessel holders 12. The six rectangular segments 8
~ are each separated from the next rectangular segment by a row or column of reaction
vessel holders. This segmentation is especially advantageous for the third operating
mode described above, since the rectangulér segments 8 are not in contact with one
another and may therefore be actuated simultaneously as desired, with only the
segment 8a in the form of a double cross not being actuated.

[0087] The segments 8 of the reaction vessel receiving element 9 are made

from a metal with good heat conducting properties, e.g. aluminium. The materials
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described above as non-heat conducting materials or thermally insulating materials are
either plastics or ceramics.

[0088] A further embodiment of the device according to the invention is shown
in Fig. 11. In this embodiment the individual segments 8b of the reactioh vessel
receiving element 9 are fixed in position by means of a clamping frame 25 (Fig. 10).

[0089] The clamping frame 25 is grid-shaped énd formed by longitudinal ties
26 and crosé ties, wherein the ties 26, 27 span openings. Through these openings
extend the reaction vessel holders 12 of the segments 8b. In the present embodiment,
the ties 26, 27 are for instance in positive contact with the reaction vessel holders 12
and with the base plate 11 which protrudes from the reaction vessel holders. The 25 is
provided with holes 28, through which pass bolts 29 for fixing 'the clamping frame to a
thermocycling device 1. |

[0090] Located below each of the segments 8b is a separately actuable
Peltier eIement_? and a cooling element 30 which extends over the area of all the
segments 8b. Located in each case between the cooling element 30 and the Peltier
element 7, and between the Peltier element 7 and the respective segment 8b is a heat
conducting foil 31. The cooling element 30 is provided with holes through which extend
the bolts 29, each fixed by a nut 32 to the side of the cooling element 30 facing away
from the reaction vessel receiving element 9.

[0091]  The clamping frame 25 is made from a non heat conducting material,
in particular POM or polycarbonate. It therefore allows a fixing of the segments 8b of
the reaction vessel receiving element 9 wherein the individual elements between the

segrhents 8b and the cooling element 30 are under tension, thereby ensuring good heat
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transfer in the vertical direction between the individual elements. Since the clamping
frame itself has poor heat conducting properties, the heat transfer between two adjacent
segments 8b is kept low. For further reduction of heat transfer between two adjacent
segments, the surfaces of the clamping frame 25 in contact with the segments 8b may
be provided with narrow webs, so that in the areas adjoining the webs, air gaps are
formed between the clamping frame 25 and the segments 8b.

[0092] In the embodiment shown in Fig. 11, a so-called heat pipe 33 is fitted
between every two rows of reaction vessel holders 12, Such é heat pipe is distributed
for example by the company THERMACORE INTERNATIONAL, Inc., USA. Itis
comprised of a gastight jacket, in which there is only a small amount of fluid. The
pressure in the heat pipe is so low that the fluid is in a state of equilibriunﬁ between the
liquid and the gaseous aggregate state, and consequently evaporates at a warmer
section of the heat pipe and condenses at a cooler section. By this means, the
temperature between the individual sections is equalised. The fluid used is, for example,
water or freon. |

[0093] Through integration of such a heat pipe in the segments 8b of the
reaction vessel receiving element 9, a temperature equalisation is effected over the
segment 8b. By this means it is ensured that the same temperature is present over the
whole segment 8b. |

[0094] A further embodiment of the thermocycling device 1 according to the
invention is shown in Fig. 12. The design of this thermocycling device is similar to that

of Fig. 11, therefore similar parts have been given the same reference numbers.
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[0095] The segments 8c of this thermocycling device 1, however, have no
heat pipe. Instead of heat pipes, a temperature equalisation plate 34 is provided in the
area beneath each of the segments 8c. These temperature equalisation plates 34 are
flat elements with a sﬁrface-corresponding to the basic surface of one of the segments
8c. These temperature equalisation plates 34 are hollow bodies with a small amount of
fluid, and work on the sarhe principle as the heat pipes. By this means it is once again
ensured that there are no temperature variations within a segment 8c.

[0096] The temperature equalisation plate may however be made from
| materials with very good heat conducting properties, such as e.g. copper. Additional
heating and/or cooling elements, e.g. heating foils, heating coils or Peltier elements,
may be integratéd in such a temp;arature equalisation plate. The heating and cooling
elements support homogeneity and permit more rapid heating and/or cooling rates. A
Peltier element, which generally does not have an even temperature distribution, is
preferably combined with a flat heating element.

[0697] The reaction vessel receiving elements described above are
comprised of a base plate with roughly tubular reaction vessel holders. Within the
scope of the invention it is also possible to use a sample block, for example formed of
metal, in which recesses to receive the reaction vessels of the microtiter plate are
made.

[0098] Figures 13 and 13B are exploded perspective diagrams depictihg
exemplary thermocyclers for processing biological or chemical samples in accordance
with the present teachings. Referring to Figure 13, a thermocycler 1 can include a

sample block 35, a plurality of heating elements 18 disposed adjacent to sample block
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35, a plurality of thermoelectric cooling devices (TECs) 7, such as, for example, Peliier
devices, and a plurality of temperature sensors (not shown). In various embodiments, a
plurality of first metal plates 36 can be disposed between the plurality of heating
elements 18 and plurality of TECs 7. A second metal plate 37 can also be disposed
beﬁeen plurality of TECs 7 and a heat sink 38.

[0099] Referring to Figure 13B, another exemplary thermocycler is shown. A
thermocycler 2, can include a sample block 35, a first thermal interface material 136
disposed adjacenf to sample block 35, and a plurality of thermoelectric cooling devices
(TECs) 7, such as, for example, Peltier devices disposed betweén first therma! interface
material 136 and a second thermal interface material 137. Thermocycler 2 can further
include a first metal plate 36, and a heatsink 38.

[00100] Sample block 35 can be formed of any material that exhibits good
_ thermal conductivity including, but not limited to, metals, such as, aluminum, silver, gold,
and copper, carbon or other conductive polymers. Sample block 35 can be configured
to receive one microtiter plate. For example, the top of sample block 35 can include a
plurality of recesses arranged in an array that correspond {o the wells in the microtiter
plate. Forexample, commén microtiter plates can include 96 depressions arranged as
an 8 x 12 array, 384 depressions arranged as a 16 x 24 array, and 48 depressions
arranged as a 8 x 6 array or 16 x 3 array. Alternatively, the sample block can be flat or
without recesses to mate with flat-bottomed wells of a micropléte or a flat portion of the
chambers of a microcard.

[00101] Sample block 35 can be configured to define a plurality of zones.

Figure 14A shows a perspective view of the bottom of sample block 35 configured to
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define six zones 39-44. While the one piece top of sample block 35 can be configured
to receive the microtiter plate, the bottom can be configured as six portions 45-50,
where each bottom portion defines one of zones 39-44. Thus, each well in the top of
sample block 351 would be included in one of zones 39-44. In the depicted
embodiment, the top of sampie plate 35 can receive a standard 96 well microplate,
where the wells are configured in an 8 x 12 array. Each of the six zones 39-44, defined
by the six bottom portions 45-50, would then include a 2 x 8 array of wells.

[00102] According to various embodiments, the sample block can comprise a
plurality of separate sample block segments, where each segment defines a zone.
Figure 14B depicts a segfnent 51 that includes 16 wells. Six segments 51 can be used,
for example, to form a sample block that receives one 96 well microtiter plate. |
Segments 51 can be positioned, for example, using a drip pan 77 shown in Figure 14D.
~ Invarious embodiments drip pan 77 can include a plurality of slots 78 and a plurality of
bridges 80 to hold segments 51. Drip pan 77 can be formed of any suitable material
including but not limited to a thermoplastic. Slots 78 can further include underctits 79 to
hold segments 51 in place. Seals (not shown) can also be disposed between undercut
79 and a flange on segrﬁents 51. Segments 51 can then be secured using, for
example, screws. In this manner, heat flux from 6ne zone to adjacent zones can be
minimized and thermal uniformity at each zone can be provided. One of ordinary skill in
the art understands that the disclosed sample blocks and drip pans are exe_mplary and
that a sample block and/or drip pan can be configured to receive other standard

microtiter plates, and be formed of less than six or more than six segments.
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[00103] In various other embodiments, as shown in ‘Figure 14C, a sample
block segment 52 can include a flat surface to accommodate a microcard format. The
microcard format can include a flat-bottomed metallic foil that is segmented to thermally
separate different chambers in the microcard.

[00104] Each zone can further include a heating element 18. Heating element
18 can be can be, for example, resistive heaters known to one of ordinary skill in the art
and shaped, for example, as foils or loops to distribute heat uniformly across a zone. In
cher embodiments, heating element 18 can be a resistive ink heater or an adhesive
backed heater, such as, for example, a Kapton heater.

[00105] In varioué embodiments, each zone can also include a first metal plate,
As showh in Figure 13, first metal plate 36 can be disposed between heating element
18 and TEC 7.

[00106] Each zone further includes a TEC, such as, for example, a Peltier
device. The plurality of TECs 7 can be configured to correspond to the plurality of
zones. Fof example, the plurality of TECs 7 can correspond to the six zones defined by
sample block 35. According to various embodiments, TECs 7 can provide course
heating to néar a control temperature and the heating elements 18 can provide fine
heating to about the control temperature. The TEC can provide all heating an.d cooling.
As used herein, the term “control temperature” refers to any desired temperature that
can be set by a user, such as, for example, temperatures for denéturing, annealing, and
elongation during PCR reactions. Each of the plurality of TECs can function
independently without affecting other of the plurality of TECs. This can provide

improved temperature control at each of the zones.
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[00107] In various other embodiments, TECs 7 can be integrated into a single
uhit. As shown in Figure 13A, TEC 71 can be a two zone TEC including a first zone 72
and a second zone 73. First zone 72 and a second zone 73 can be separated by a gap
74, but, for example, share a common foundation. In various embodiments, eléctrical
connections 81 of TECs 71 can be oriented in a direction opposite that of other
electrical connections, such as, for example, the electrical connections of heating
element 18. This can increase ease of routing the electrical connections and minimize
interference between electrical connections. Each TEC zone can provide heating
and/or cooling independently to different zones of the sample block. By integrating two
or more TEC zones into a single unit, performance, alignmént, and ease of asselmbly
can be improved. In various embodiments, dicing can be used to improve the life of
TEC. Dicing, depicted as lines 75, can also reduce the thermal stress the TEC and
reduce the thermal stress on couplings 76. One of ordinary skill in the art understands
that the depict‘ed two zone TEC is exemplary and that more than two zones are
contemplated.

[00108] In various embodiments, the thermocycler can further include second
metal plate 37 disposéd between TECs 7 and heatsink 38. In various embodiments, the
segmented block can be cooled by a single TEC device and heated by individualized
resistive heaters for each segment. Alternatively, the segmented block can be cooled
by individualized TEC devices for each segment and heated by a single resistive heater.

[00109] Thermocycler 1 can be operated in at least three modes as discfosed.
above. In a first mode, each zone is set to the same temperature. 1n a second mode,

each of the zones is actuated with a different temperature. And, in a third mode only
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some of the zones are utilized. In an exemplary method of operation, themocycler 1
can process biological or chemical samples for PCR. Referring to Figures 13 and 14A,
sample block 35 can define six zones 39-44. Zone 39-44 can be heated to a denaturing
temperature Ty, in one of the three operating modes. In various embodiments, each
zone can be heated to a different temperature, for example, where Ty 'is the denaturing
temperature in zone 39, Ty, is the denaturing temperature in zone 40, Tys is the
denaturing temperature in zone 41, Taa is the denaturing temperature in zone 42, Tys is
the denaturing temperature in zone 43, and T is the denaturing temperature in zone
44. Forexample, Ta2# Taa and Tqq > Tgo, or Tyy = Tg2 and Td1 < Taz. The ramp rate to
the denaturing temperatures Tat.s and the residence time at Tq1.95 can vary as desired.
As shown in Figure 13, TECs 7 can provide course heating to near a Ty4y.45 and the
heating elements 18 can provide fine heating to about Ty1.gs.

[00110] Zones 39-44 can then be cooled to an annealing temperature T, In an
embodiment, each zone can be cooled to a different temperature, for example, where
Tay is the annealing temperature in zone 39, T, is the annealing temperature in zone
40, Tz3 is the annealing temperature in zone 41, T,4 is the annealing temperature in
zone 42, Tgs is the annealing temperature in zone 4}3, and Tgs is the annealing
temperature in zone 44. The ramp rate to the annealing temperatures Tar..s and the
residence time at Tet.es can vary as desired. |

[00111] During an elongating step, zones 39-44 can then be heated to an
elongating temperature Te. In an embodiment, each zone can be heated to a different
temperature, for example, where T, is the elongating temperature in zone 39, T is the

elongating temperature in zone 40, T3 is the elongating temperature in zone 41, Teq is
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the elongating temperature in zone 42, Tes is the elongating temperature in zone 43,
and Tes is the elongating temperature in zone 44. The ramp rate to the elongating
temperatures Ta1.45 and the residence time at T,1.55 can vary as desired. As shown in
Figure 13, TECs 7 can provide course heating to near a Teys and the heating elements
18 can provide fine heating to about Tgy.es.

[00112] The number of cycles, the mixture volumes, the steps of denaturing,
annealing, and'elongating, can also vary for each zone. For example, the samples in
zone 39 can undergo a first number of cycles, such as, for example, fifty, while the
samples in zone 40 can undergo a second number of cycles, such as, for example, one
hundred. One of skill in the art will understand that the exemplary methad is described
with reference to a sample block configured to define six zones and that more than six
or less than six zones can be used. In various other embbdiments, the reaction vessel
mixture volume can be filled with different volume at each zone 39-44 and each reaction
vessel segment can be set according to the filled mixture volume for optimizing the PCR.
performance.

[00113] In accordance with other exemplafy embodiments, the disclosed
thermocyclers can be used for independent zonal amplification of different targets using
different thermal and chemistry protocols during, for example, PCR. Referring to Figure
25A, a top view of a thermal cycler 3 according td various embodiments of the present
teachings is shown. Thermal cycler 3 can include a sample block 35 thaf is formed of a
plurality of separate sample block segments 39-44. Alternatively, sample block 35 can
be formed of a single segment. Sample block 35 can configu_red to include six zones

(or portions). As shown in Figure 25B, each of the six zones numbered 1 though 6 can
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include two columns (shown as columns 1-12) and 8 rows (shown as rows A-H) of
wells. Although a 96 well sample plate with 16 wells in éach segment is shown, one of
ordinary skill in the art will understand that more or less wells can be included in each
zone. One of ordinary skill in the art will also understand that six zones is exemplary
and that more ar less than six zones is contemplated.

[00114] According to various embodiments, multizone thermai cycler 3 can be
used for independent zonal amplification of different targets by different thermal and
chemistry protocols, where each zone is run simultaneously or with some overlap.
Referring to Figure 25B, sample block segments 39-44 can be used as six independent
zones, shown as Zones 1-6. As an example, the zones were used to simultaneously
amplify lambda DNA, HIV-1 DNA, and resequencing templates (Zones 1-2, and 5,
respectively); Big Dye® cycle Sequencing of lambda and HIV-1 templates (Zones 3-4,
respectively); and reverse transcriptase PCR of 18S rRNA kZone 6) on a single 96-well
plate. The PCR thermal protocol of lambda DNA primers in Zone 1, shown in FIG. 25B,
included 25 cycles at an initial temperature up to 94°C, cooling to 68°C , and holding 20
seconds for 0.1 ng/ul. lambda template, 0.2 uM of two primers, PCR master mix and
water. The PCR thermal protocol of HIV-1 in Zone 2 included 40 cycles at an initial
temperature of 95°C, holding 1 set:ond, cooling to 60°C, and holding _20 secoﬁds for 10
copies of HIV-1 template, 0.5 uM of two primers, PCR master mix, and water. Simitarly,
the PCR thermal protocol for primers used for resequencing in Zone 5 included 40
cycles at an initial temperature of 95°C, holding 2 seconds,cooling to 70°C, and holding
40 seconds for 10 ng/uL of human gDNA with 600 nM for each of the eight primers,

master mix, and water. Further, Big Dye® Cycle Sequencing of lambda templates in
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Zone 3 included a PCR thermal protocol of 25 cycles at an initial temperature up to
94°C, cooling to 68°C, and holding 20 seconds for 3.2 pmol/ulL of HIV-1 primer, 4 ng/uL
of temp!a’te, Big Dye® Terminator, and water. Big Dye® Cycle Sequencing of HIV-1
templates in Zone 4 included a PCR thermal protocol of 40 cycles at an initial
temperature of 95°C, holding 1 second, cooling to I60°C, and holding 20 seconds for 3.2
pmol/ul. of HIV-1 primer, 8 ng/ul. of template, Big Dye® Terminator, and water.
Reverse transcriptase PCR of 188 rRNA in Zone 6 included a PCR thermal protocol of
40 cycles at an initial temperature of 95°C, holding 1 second, cooling to 60°C, and
holding 20 seconds for 10 uM of ribosomal forward primers and reverse primers, 40 uM
of ribosomal dye probe, 50 ng/uL. of template, master mix, MULV-RT/Rnase Inhibitor
mix, and water. The results show that both exponential amplification of PCR and linear
amplification of cycle sequencing can be performed in different zones of samples in a
single micrbtiter plate positioned into a block with six segments. In various
embodiments, PCR with different thermal pfotocols can be performed in. adjoining
zones, for example, normal PCR vs. touch-down PCR, two-step PCR vs. three-step
PCR, normal PCR vs. fast PCR, etc. It will be appreciated by those skilled in the art of
nucleic acid analysis that any number of temperature dependent reactions can be
performed according to the present teachings. lllustrative examples of PCR, for
example, can be found in Sambrook et al., Molecular Cloning, 3™ Edition.

[00115] At:cording to various embodiments, sample block 35 can be configured
to define a plurality of zones in which the zones have different shapes. Referring to the
exploded perspective view of Figure 15, sample block 35 can be configured to define a

first zone that includes wells near each edge of sample block 35 and a second zone that
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includes wells away from each edge of sample block 35. For example, a first TEC 53
can heat and cool the first zone and a second TEC 54 can heat and cool the second
zone. In one embodiment, no heating elements are used. In this configuration, heat
losses at cormners and/or edges can be compensated for, or eliminated, without heating
elements.r Further, heat stored during heating can be compensated for, or eliminated,
during cooling. In various other embodiments, heating elements (not shown) can be
used. In this embodiment, first TEC 53 and second TEC 54 can provide course heating
of the first zone and the second zone, respectively, to near the contro temperature or
temperatures while the heating elements can provide fine heating of the first and
second zones to about the control temperature or temperatures. According to various
other embodiments, sample block 35 can be formed of a plurality of segments, a.s ‘
shown in FIG. 14B, in which the segments correspond in shape to the plurality of zones.
In various embodiments, the concentric zones described in Figure 15 as rectangular
TEC can be also be circular. For example, the segments can be circular forming a
round block with circular TECs and the segments can be concentric or arced to fit a
single round microtiter plate or other circular plastic sample holder.

[00116] In various embodiments, multiple power amplifiers can be used to
provide current to the TECs to heat and/or cool the multiple zones of the sample block.
Referring to Figure 16, a controller 55 can control a first switch 56 and a second switch
57 to direct current flow from a first power amplifier 58 and a second power amplifier 59
to one or both of first TEC 53 and second TEC 54. First switch 56 and second switch

57 can.be, for example, relay switches, MOSFETS, transistors, IGBTs, or multiplexer

devices. Controller 55 can be, for example, a microprocessor or programmable logic
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device. One of ordinary skill in the art will understand that the switches can direct
current flow to and from.the power amplifiers.

[00117] In operation, first switch 56 and second switch 57 can direct current
flow from any power amplifier fo any TEC. For example, first switch 56 and second
switch 57 can direct current flow from first power amplifier 58 to first TEC 53 to heat -
and/of cool the first zbne, and from second power amplifier 59 to second TEC 54 to
heat and/or cool the second zone. Alternatively, first switch 56 and second switch 57
can direct current flow, for example, from first power amplifier 58 and from second
power ampliﬁér 59 to first TEC 53 to heat and/or cool the first zone. Similarly, first
switch 56 and second switch 57 can direct current flow, for example, from first power
a_mpiiﬁer 58 and from second power amplifier 59 to second TEC 54 to heat and/or cool
the second zone. In this manner, the ramp rate to control the temperature in each of
the plurality of zones can. be increased or varied as desired. Although two switches and
two power amplifiers are depicted, one of ordinéry skill in the art will understand that
more than two switches and power amplifiers can be used. |

[00118] In various other.embodiments,_ a system for processing biological or
chemical samples can further include a thermocycler and a detachable microtiter plate
configured to detach into a plurality of segments that correspond to the plurality of
zones. The detached microtiter segments can correspond, for example, to the plurality
of zones defined by sample plate 35. Figure 17 shows a perspective view of a
detachable microtiter plate 60 comprising a plurality of slots 61. S!ots 61 can be
disposed between columns (or rows) of wells as needed. Detachable microtiter plate 60

can be separated into six pieces, each piece corresponding to one zone of, for example,
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sample block 35. Figure 18 shows an enlarged view of one slot 61 including a plurality
of breakaway tabs 62. In various embodiments, a rigid and brittle material can be used
to form breakaway tabs 62 to facilitate separation by bending or cutting. One of skill in
the art will understand that the disclosed embeodiment is exemplary énd that detachable
microplate 60 can be configured to separate into less than six or more than six pieces
as desired.

[00119] In various embodiments, the microtitler plate can be modular to provide
flexibility to the user. Figure 18 is a perspective view of a modular microtiter plate 63
that includes microtiter plate holders 64 and a plurality of microtiter plate segments 65.
As shown, two microtiter plate holders 64 can hold six microtiter plate segments 65 to
~ form a standard 96 well microtiter plate. One of ordinary skill in the art will understand
that the disclosed embodiment is exemplary and that less than six or more than six
modular microtiter plates can be used to form a standard microtiter plate.

[00120] Figure 20 shows a perspective view of microtiter plate holder 64. In
~ various embodiments, microtiter plate holder 64 can include a locating key 66, a locking
feature 67, and/or a breakable joint 68. One or more locating keys 66, for example, can
be placed along microtiter plate holder 64 to position microtiter plate segments 65. In
an exemplary embodiment, locating key 66 can be a protrusion whose shape maiches a
locating slot in microtiter plate segment 65. One or more locking feature 67 can also be
placed along microtiter plate holder 64 to secure the position of microtiter platé
segmenté 65. In an exemplary embodiment, locking feature 67 can be, for example, a
protrusioh that fits into a locking hole in microtiter plate segment 65. Microtiter plate

holder 64 can further include one or more breakable joints 68. Breakable joints 68 can
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allow microtiter plate holder 64 to be broken up into smaller pieces to ﬁo!d one or more
microtiter segments 65. In other words, after breakable joints .68 are broken, the one or
more microtiter segments 65 held by the broken microtiter plate holders form less than a |
standard 96 well microtiter plate.

[00121] Figure 21 shows a perspective view of microﬁter segment 65 including
a key slot 69. One or more key slots 69 can be disposed on microtiter segment 65 to
match a position of locating key 66 on microtiter plate holder 64. The shape of the one
or more key slots 69 can further be configured to accept locating keys 66. Microtiter
segment 65 can also include one or more iocking holes 70 disposed to match a position
of locking feature 67 on microtiter plate holder 64. The shape of the one or more
locking holes can be configured to accept locking feature 67.

[00122] According to various embodiments, sample blocks 35 and sample
block segments 51 and 52, as shown in Figures 13 through 15, can be machined from a
solid piece of metal, formed by coupling several pieces of metal together, or formed by
electroforming. Figure 22 shows a machined sample block segment 251 that includes
well-bores 220 to form the recesses for wells that can contain samples for thermal
cycling. Mass-reduction bores 230 remove mass from. the block to reduce the thermal
mass of sample block segment 251. The sides 240 can be machined to reduce the
mass on the sides dimensions of the Block.

[00123] Sample blocks and sample block segments can also be formed by
metal injection molding (MEM). MIM can combine the design freedom of plastic injection
molding with the performance of metal. MIM can be used with metals such as

aluminum, copper, tungsten, and alloys thereof. In various embodiments, MIM can
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include feedstock mixing wherein very small powders ére mixed with a thermoplastic
polymer (known as a binder) to form a precise mixturé of ingredients that is pelletized
and directly fed into a plastic molding machine. This pelletized powder-polymer is
known as feedstock. The metal powder and binders can be mixed and heated in a
mixer and cooled to form granulated feedstock. MIM can further include injection
molding, wherein the feedstock is heated to melt the plastic and then with pressure is
forced into a mold to form the desired geometry. The molded part is known as the
“green” part. MIM can further include de-binding, wherein the polymer or binder is
removed thermally by heating the “green” part to about 400° C (or about 752° F). While
retaining its shape and size, the de-bound or “brown” part is a powder skeleton that is
very brittle and porous. De-binding can be performed in an oven where heat and air
flow are fluxed in and exhaust products are fluxed out. The oven converts the "green”
part to the “brown” part. MIM can further include sintering, wherein the “brown” pa'rt is
heated to more than 1200° C allowing densification and shrinking of the powder into a
dense solid with the elimination of pores. Sintering can be performed in an over where
heat, hydrogen gas, and argon gas are fluxed in. Usually the sintering density is similar
to a casting at about 98% of theoretical. The end resu[t'is the molded thermal part, e.g,
the sample block.

[00124] In various embodiments, MIM can provide sample blocks with sizes of
about 100 millimeters by about 100 millimeters. A typical 9-well sample block has larger
dimensions. However, several sample block segments can be constructed by MIM to
provide thermal cycling for a 96-well or 384-well microplate as described in European

Pat. No. 1216098.
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[00125] Referring to Figures 23A and 23B, sample block segment 252 can
provide low thermal mass with minimum attachment points to each section encircling
the sample well and minimizing the thickness of the wall in sections around the sample
well. As illustrated in Fig. 23B, sample block segment 252 can provide different
configurations configured to contain sample wells with reactions volumes ranging from
about 5.0 microliters to about 100 microliters. One of ordinary skill in the art will
understand that other configurations are envisioned that, for example, correspornd to
microplate configurations known in the art, In various embodiments, the sample block
material can be copper, aluminum, or silver. Chart 1 below shows a comparison of the
sample blocks and sample block segments described herein demonstrating the

differences in temperature ramp rate in degrees Celsius per second for different

materials.
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Chart 1
Thermal Block Fig. 22 Fig. 23A & 23B Fig. 24
Material
Copper 5.53 9.3 8.43
Aluminum 7.71 12.91 11.82
Silver 7.81 13.14 11.94

[00126] [n various embodiments, the sample blocks and sample block
segments described herein can be manufactured by MIM. The sample blocks and
sample block segments formed by MIM can include copper, silver, a.luminum, and/or
gold. The sample blocks and sample block segments formed by MIM can provide
substantial temperature uniformity throughout the array of biological samples contained
in the array of sample wells coupled to the block for thermal cycling.

[00127] In various embodiments, methods for thermally cycling biclogical
sample can be provided by the present teachings by providing the sample blocks and
sample block segments produced by a MIM process such that heating and cooling of
the sample blocks and sample block segments provides substantial temperature
uniformity throughout the plurality of biological samples contained in the plurality of
sample wells. The heating can be provided by heat from a resistive heater. In various
embaodiments, the cooling can be provided by pumping heat out with fhe thermoelectric
lﬁodule, which can be also be used for providing bias heat during heating cycles. In
various embodiments, the cooling can be provided by spinning the block thereby
convectively dissipating heat from the sample blocks and sample block segments to the
environment during cooling cycles. For example, the sample blocks and/or sample
block segments can be disk-like in shape and provide concentric rings of holes to

receive the sample wells. The disk can spin along the central axis creating a convective
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current over the thermal block. Alternatively, the sample blocks and/or sample block
segments of any shape can spin along an axis balanced by another sample block
and/or sample block segment to provide a convective current similar to a c:entrifuge. In
various embodiments, cooling can be achieved by providing forced gas, such as air or
nitrogen, to contact the sample blocks and/or sample block segments. The forced gas
can have ambient temperature or can be chilled to below ambienf temperature,

[00128] In various embodiments, MIM can provide sample blocks and sample
block segments that cannot be produced by machining the thermal block from a solid
piece of metal because the MIM sample blocks and sample block segments have a
thickness that cannot be uniformly machined such that every one of the plurality of
sample wells is surrounded by portions of the sample block having similar thickness.
For example, MIM can provide rounded surfaces for contacting the sample wells and
rounded exterior surfaces with a flat boftom as in Figures 23A and 23B. Alternatively,
MIM can provide more than ane exterior surface for rigidity white remaoving interior
material other than rounded surfaces for cohtactind the sample wells as in Figure 24.
Also, MIM can provide multiple segments of sample blocks and sample block segments
more rapidly and consistently than machining.

[00129] The invention is described above with the aid of embodiments with 96
recesses for receiving a microtiter plate with 96 reaction vessels. The invention is not,
however, limited to this number of recesses. Thus for example the reaction vessel
receiving element may also have 384 recesses to receive a corresponding microtiter
plate. With r'egard to features of the invention not explained in detail above, express

reference is made to the claims and the drawing.
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[00130] in the embodiments described above, a cooling device with a fluid
cooling medium is used. Within the scope of the invention it is also possible to use a
gaseous cooling medium, in particular air cooling, Instead of a fluid cooling medium.

[00131]n Va_rious embodiments, the sample block with plurality of segments can
be combined with an excitation light source and a detector to provide monitoring of real-
time PCR in samples in each of the segments. Real-time PCR can be monitored by
| detecting luminescence (for example, flucrescence, chemiluminescence, etc.) during
the thermal cycling. In various embodiments, the monitoring can be provided by imaging
optics to optically couple the samples in each of the segments with a detector, such as
a CCD. An example of the fluorescence detection with imaging optics embodiment is
shown at Figure 26. In various embodiments, the monitoring can be provided by a
scanning head to optically couple the samples in the plurality of segments by movement
over'the scan head over each of the segments. An example of the fluorescence
detection with scanning head embodiment is shown at Figures 27A-27B. As shown in
Figures 27A-27B, the two-dimensional surface of one single microtiter plate positioned
over multiple block segments can be effectively scanned by combining a rotation about
a single rotational axis with a linear axis scan. Figure 27A is a top view and Figure 27B
is a cross-sectional side view of a real-time thermal cycler with a scaﬁning head
including a rotation arm 1020 with a an axis L102. The rotétion arm 1020 is attached to
the linear scanner 1010 via a rotational actuator 1022. The linear scanner 1010 is
configured to scan a single linear axis L101. As shown, the rotationa! actuator 1022
rotates about the axis perpendicular o the piane of the paper about the center of the

aétuator 1022, such that it is generally perpendicular to the plane of the sample. By
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combining rotational motions of rotational actuator 1022 with linear motions along axis
L101 or linear scanner 1010, any location, in particular any sample wells 608, on the
microtiter plate 640 can be- optically coupled with the scanning head 1024 by movemént
over those segments. Scanning head 1024 can contain an optical system with at least
one excitation light source and/or at least one detector. Alternatively, the excitation light
source and/or detector can be positioned off of the scanning head. For the purpose of
illustration, rotational arm 1020 is shown in two different positions. Additionally,
according to certain embodiments, there can be multiple rotational arms and rotational
actuators, each having at least one associated optical system. As shown in Figures
27A and 27B the linear actuator can include a stepper motor 1025 and a belt drine .
1026. The stepper motor can be, for example, a NEMA 17 actuatbr. The belt 1026 can
connect the stepper motor 1025 to the spring-based idler take-up arm 1030. When the
actuator 1025 is actuated, platform 1032, which is operably connected to belt drive
1026, is translated parallel to axis L101, while traveling on bushings 1028, which can be
bronzé, plastic or other functionally suitable material. The rotational actuator 1022 is
mounted on platform 1032, and is also't'ranslated parallel o axis L101: The rotational
actuator 1022, which can also be, for example, a NEMA 17 actuator, can rotate about
its central' axis, causing arm 1020 and scanning head 1024 to sweep out or be aligned
to various wells 608 of the microtiter plate 640. As the rotational actuator 1022 is
adjusted, the longitudinal axis L102 of arm 1020 can move to different angles relative to
linear axis L101, though remaining in common p[ane for two-dimensional scanning of
microtiter plate 640. Thus, for example, combined linear and rotational adjustments can

be used to position the scanning head 1024 about well 608a1. This linear axis can then
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be scanned, such that the wells 608a1-608a12 are scanned. Combined linear and
rotational adjustments can then be used to position scanning head 1024 above well
608b12, and then sample row b can be scanned by scanning the linear axis and
completing the scanning of the wells 608 over the first segment of block 35. Depending
on the different assays and thermal protoéols being performed in each segmenf, the
scanning head 1024 can repeat scanning over the first segment or move to the second
and/or third segments. Those skilled in the art will appreciate other mechanisms for
positioning the scanning head such as arms with elbbws, linear-linear actuators, etc. In
various alternative embodiments, wherein the segments circular and/or concentric a
flying-head scanner can be used. An example of the imaging optics embodiments is
shown at Figure 26. Imaging optics 604 can include a light source 600, optical devices
610, a movable platform 620, a microtiter plate 640, a detector 602, a focusing lens 624,
a light blocker 622, and a motor 616. Light source 600 can emit a source beam 606
that is received by one of the optical devices 610. For ease of illustration, Fig. 28 shows
one optical device on movable platform 620. However, any number of optical devices
can be installed on movable platform 620. A motor 616 can be attached to movable
platform 620 with a stem 618. Motor 620 is used to move the movable platform 620 to
interpose one of the optical devices 610 into the path of the source beam 606. The
motor 616 can also move the movable platform 620 to interpose the light blocker 622 to
prevent the source beam 606 from reaching the microtiter plate 640. The optical device
610 receives the source beam 606 and directs a portion as an excitation beam 612
through the focusing lens 624 to the samples in the microtiter plate 640. The samples

in the wells 608 of the microtitier plate 640 fit into three Segments of the block 35. The
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excitation beam 612 causes one or more dyes in the samples in each segment to
fluoresce and emit light in the form of an emission beam 614. The emission beam 614
can be received by the optical device 610 and then directed by the optical deQice 610 to
a detector 602. The detector 602 generates a data signal that includes information that
is representative of the concentration of DNA in the samples in each segment. The _
segments are associated with different regions on the detector, for example, a CCD.
The detector can be calibrated such that the regions corresponding to the assays that
are perforfned in each segment so that detection of the ﬂuoréscence is more efficient.
According fo various embodiments, the light source can be LEDs used to provide
improved illumination wavelength uniformity, light power output uniformity, and minimal
degradation of output over extended periods of time. Further, LEDs operate at relatively
low temperatures and require little or no external cooling. In some embodiments, the
size of the light emitted from the light source 600 can be adjusted to be as small as
possible to maximize the energy density directed onto the samples. The imaging optics
in Figure 26 illustréte optical devices 610 that can héve sets of excitation filters, dichroic
mirrors (beam-splitters), and emission filters. Alternatively, filter wheels on the emission
side and/or excitation side can provide different excitation and emission light patterns.
Similar excitation and emission schemes apply to the scanning head optics.

[00132] Tﬁe term “excitation light source” as used herein refers to a source of
irradiance that can provide excitation that results in fluorescent emission. Light sources
can include, but are not limited to, LEDs, phosphor coated LEDs, organic LEDs (OLED),
phosphorescent OLEDs (PHOLED), inorganic-organic LEDs, LEDs using quantum dot

~technology, and LED arrays. Alternatively, the light sources can include white light,
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halogen lamp, lasers, solid state laser, |laser diode, micro-wire laser, diode solid state
lasers (DSSL), vertical-cavity surface-emitting lasers (VCSEL), thin-film
electroluminescent devices (TFELD), filament lamps, arc lamps, gas lamps, and
fluorescent tubes. Light sources can have high radiance, such as lasers, or low
radiance, such as LEDs. Radiance refers to light emitted and can be measured in units
of watts per centimeter squared per steradian. Lasers have high radiance since they
emit fight in substantially a single direction. LEDs have low radiance since they typically
emit light into 2 pi steradians. The different types of LEDs mentioned above can have a
medium to high radiance. |

[00133] The term "detector” as used herein refers to any component, portion
thereof, or system of components that can detect light including a charged coupled
device (CCD), back-side thin-cooled CCD, front-side illuminated CCD, a CCD array, a
photodiode, a photodiode array, a photo-multiplier tube (PMT), a PMT array,
complimentary metal-oxide semiconductor (CMOS) sensors, CMOS arrays, a charge-
injection device (CID), CID arrays, etc. The detector can be adapted to relay information
to a data collection device for storage, correlation, and/or manipulation of data, for
example, a computer, or other signal processing system.

[00134] Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention disclosed
herein. It is intended that the specification and examples be considered as exemplary

only, with a true scope and spirit of the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:
1. A thermocycler for processing bio|ogica'[ or chemical samples
comprising:
a sample block configured to receive one microtiter plate and configured
to define a plurality of segments; and
a plurality of thermoelectric cooling devices (TEC) disposed to correspond
to each of the plurality of segments, wherein the TEC provides heating and

cooling.

2. The thermocycler of claim 1, further comprising one or more

temperature sensors disposed in each of the plurality of zones.

3. The thermocycler of claim 1, further comprising a heating element
dispbsed in each of the plurality of segment, wherein the heating element

provides fine heating of the segment to about the control temperature.

4, The thermocycler of claim 1, further comprising:
a plurality of power amplifiers; and
a switch for each of the plurality of zones to direct a current flow from the

plurality of power amplifiers to the TEC.
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5. The thermocycler of claim 1, wherein the thermoelectric cooling

devices disposed in each of the plurality of segments are integrated into a singlé

unit.

8. The thermocycler of claim 5, wherein the thermoelectric cooling

devices each comprise dicing.

7. The thermocycler of claim 1, further comprising an excitation light

source and a detector for monitoring real-time PCR.

8. The thermocycler of claim 7, further comprising imaging optics

optically coupling the samples in the plurality of segments with a CCD.

9. The thermocycler of claim 7, further comprising a scanning head

optically coupling the samples in the plurality of segments by movement over

those segments.

10. A method for processing biclogical or chemical safnples
comprising:

denaturing samples in a first portion of a microtiter plate at a temperature
Tq1 by heating a first zone of a sample block, wherein a first thermo electric

cooling device (TEC) provides heating and cooling; and
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denaturing samples in a second portion of the microtiter plate at a
temperature Tqz by heating a second zone of the sample block, wherein a second

thermo electric cooling device (TEC) provides heating and cooling.

11.  The method of claim 10, wherein the first thermo electric cooling
device provides coarse heating of the first zone to a temperature near Ty and a

first heating element provides fine heating of the first zone to about Ty

12.  The method of claim 10, wherein the second thermo electric cooling
device provides coarse heating of the second zone to a temperature near Tqp and

a second heating element provides fine heating of the second zone to about Ty, ,

13.  The method of claim 10, further comprising denaturing samples in a
third portion of the microtiter plate at a third temperature Tys by heating a third

zone of the sample block, wherein Tgz # Tga and wherein Tg1 > Ty,

14.  The method of claim 10, further comprising denaturing samples in a
- third portion of the microtiter plate at a third temperature Tys by heating a third

zone of the sample block, wherein Ty # Tyz and Tyq < T
15.  The method of claim 10, further comprising:

annealing samples in the first portion of the microtiter plate at a

temperature Tas by cooling the first zone of the sample block; and
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annealing samples in the second portion of the microtiter plate at a

temperature T, by cooling the second zone of the sample block, wherein T is

not equal to Tay.

16.  The method of claim 15, further comprising:

elongating samples in the. first portion of the microtiter plate at a
temperature Teq by heéting the first zone of the sample block; and

elongating samples in the second portion of the microtiter plate at a

temperature Te2 by heating the second zone of the sample block, wherein Tes is

not equal to Te;.

17.  The method of claim 10, further comprising:

repeating for a first number of cycles at least one of the steps of
denaturing, annealing, and elongating samples in the first portion of the microtiter
plate; and

repeating for a second number of cycles at least one of the steps of
denaturing, annealing, and elongating samples in the second portion of the

microtiter plate, wherein the first number of cycles is not equal to the second

number of cycles.

18.  The method of claim 15, wherein a rate of cooling the first segment |

to anneal samples in the first portion of the microtiter plate is not equal to the rate
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of cooling the second segment to anneal samples in the second portion of the

microtiter plate.

19.  The method of claim 10, wherein a ramp rate to Ty is not equal to a

ramp rate to Tqs.

20. The method of claim 10, wherein a volume of the samples in the
first portion of a microtiter plate is different than a volume of the samples in the

second portion of the microtiter plate.

21, The method of claim 15, wherein a residence time for annealing
samples in the first portion of the microtiter plate is different than a residence

time for annealing samples in the second portion of the microtiter plate.

22.  The method of claim 16, wherein a residence time for elongating
samples in the first portion of the microtiter plate is different than a residence

time for elongating samples in the second portion of the microtiter plate.

23. -The method of claim 10, further comprising denaturing samples in a
third portion of the microtiter plate, wherein the samples in the first, second, and
third portions of the microtiter plate undergo different thermal and chemistry

protocols.
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24.  The method of claim 10, further comprising independently

amplifying three or more types of targets simultaneously using different thermal

and chemistry protocols for each type of targef.

25.  The method of claim 24, wherein the microtiter plate comprises six

portions and the six portions are used for independent zonal amplification.
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