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FOR Bl OPHARMACEUTI CALS AND BI OLOG CS BACKGROUND OF THE | NVENTI ON Techni cal
Field [0001] The present invention generally relates to the freezing and

t hawi ng of WO K3t ¥aceuti cal s and bi ol ogi cs. More parti RETAWS2903/BHBOpr esent
invention relates to the preservatiord and processing by controlled freezing
and thawi ng of small anmpunts or sanples of biopharmaceuticals and

bi ol ogi cs, using a reduced-scal e system Background |Information [0002]
Preservation (stosead.iEy FOWN FREEZANG ANIS TAWING §98TEN thaw ng) of
bi ophar maceuti cal s and bi ol ogics (collectively, "bioproducts”), for exanple,
i ncluding, but not Ii @I@BMMWWEALSIAMD BIQLOGACSs, nedi ci nes,

pl asma, bl ood, biological buffer solutions, cell culture nedia, viruses,

serum cell fragnents, cel rMer bi oproduct, is
often required on alargeﬁX GRO! L fal - si zed freezing
equi pnent with a subsequent thawing in a room These nethods produce
sub-optimal process conditions | eadigdnicalFisidgni fi cant product degradation
or loss. For exanple, bioproducts can be frozen and thawed in containers
ranging froml to 500 liters. [0003] However, conpanies and research
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process. .[ Q004] Even an e,siabl i shed rqutine for preservation and processing
of | abi Ib&0 Bl sandbio j usiRasducedssplesgdeBut  usi ng smal | cont ai ners
such as vials or bottles, and placed in |aboratory freezers with a constant
tenperature setpoint, or in specj L QA gh@bers that can provide
changi ng tenperature profiles of B’?%ﬁé:@?ﬁ%@?menw ronment, carries risk. Such
freezing nethods suffer fromtenperature gradients fromcontainer to

cont ai ngf002]eadPregenvatisni hirhgectanfreeziig)) ind processingr{fre¢wing arekthawimganfl

rocessi condi ti.ons, d. subsequent pr.oduct, degradati on, or/
P bquharmaceutlcaQS and biologics (co Pectlveli?, ‘%1oproductsg), ?or example, Enc urzi?ng, but not

limited to proteins, cells, antibodies, medicines, plasma, blood, biological buffer solutions, cell
culture media, viruses, serum, cell fragments, cellular components, and any other bioproduct, is
often required on a large scale using adapted commercial-sized freezing equipment with a
subsequent thawing in a room. These methods produce sub-optimal process conditions leading
to significant product degradation or loss. For example, bioproducts can be frozen and thawed in

containers ranging from 1 to 500 liters.

[0003]  However, companies and research institutions engaging in the freezing and thawing of
bioproducts in such large volumes do so largely without the ability to fully test how the
bioproducts will react in the process using the intended equipment. This adds risk and cost,

particularly if the bioproducts are damaged in the process.

[0004]  Even an established routine for preservation and processing of labile bioproducts in
small amounts, carried out using small containers such as vials or bottles, and placed in
laboratory freezers with a constant temperature setpoint, or in special freezing chambers that can
provide changing temperature profiles of the chamber environment, carries risk. Such freezing
methods suffer from temperature gradients from container to container, leading to significant
differences in the freezing and processing conditions, and subsequent product degradation or/and
loss. Further, preservation and processing by placing the small container into a cold nitrogen gas

(typically generated from a liquefied nitrogen), cooling them over a certain period of time and



| oss. Further, preservation and processing by placing the small container
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I n accordance with t ove, I's"an object of the present Invehticn to
provi de waryfameag itlgcoaradndrhaMingnization of elimfnatiex ohgpparcdbing ¢dvambrige ahifenm| |
amounts of a bi opraqduct %30_10] E;[]&)e_ resent invention provides, in a first
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[0007] Thus, a need exists for a way to reliably and repeatedly conduct the freezing (without

supercooling) and thawing processing for small quantities of bioproducts in a controlled way all

across the product volume, thereby providing consistent freezing and thawing conditions.

SUMMARY OF THE INVENTION

[0008] Briefly, the present invention satisfies the above-noted need by providing apparatus,

system and method for freezing and/or thawing of small amounts of a bioproduct.

[0009] In accordance with the above, it is an object of the present invention to provide a

freezing and thawing unit for freezing and/or thawing of small amounts of a bioproduct.

[0010]  The present invention provides, in a first aspect, apparatus for freezing and/or thawing
at least one bioproduct. The apparatus comprises a unit for freezing and/or thawing at least one
bioproduct on a small scale, the unit comprising at least two opposite surfaces. At least one of
the opposite surfaces is coupleable to at least one driving device for freezing and/or thawing.

The surfaces are proportionally spaced to correspond to a freezing path length of a larger-scale

unit or section thereof for freezing and/or thawing a bioproduct.
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with f W ng riving devices in accordance wth the present
i nvention. 100151 FIG 2 depicts one side of the freezing and thaw ng unit

of FI G [0013] sh@hestetad bthendbjedts)deatirasimidaglvaytsgesrof this invention will become
apparent from the following detailed description of the various aspects of the invention taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  FIG. 1 depicts one example of a freezing and thawing unit with freezing/thawing

driving devices in accordance with the present invention.

[0015]  FIG. 2 depicts one side of the freezing and thawing unit of FIG. 1 to show details of

the clamping system.

[0016] FIG. 3 depicts a specimen sample bag in a partially frozen state in the freezing and
thawing unit of FIG. 1.

[0017] FIG. 4 is a freezing profile for a small-scale process and a large-scale process for the

same specimen type.

[0018]  FIG. 5 is a freezing and thawing profile for another small quantity of specimen

distributed in multiple containers.



[0016] FIG 3 depicts a specinen sanple bag in a partially frozen state in
the freezing and thawing unit of FIG 1. [00171 FIG 4 is a freezing
profile fowoxos®sisescal e process and a |arge-scale proc {J%ro t(i} same
specimen type. [0018] FIG 5 is a fregzi ng and thaw ng pr ?3(5 "ot her
smal | quantity of specjmen distributed in nul tdd%pe cont ai ners.
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unit 10thawlhgtmﬂeﬁFI@/1 hawl ng driving devices 12 coupled thereto, in

accor dance vvith the present invention. In the present exanple, the

freezin i ying devices.a ntical , ugh.t hey need not be. The
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t hough gtginhg §haﬂ§§w gnit possi bl e, such as, for exanple, prismatic

trapezoi dal, rhonb0| al, cylindrical, or oval. The side panels of the unit

(e.g., side panel 24) can be made of various materials, such as, for
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conplinent the intended application. For exanple, if a slow freezing or

thawi ng process is despEFAILEIPDESCRIPTION ORTHE INVENXR[DNE, and if a
noderate freezing or

[0024]  FIG. 1 depicts one example of a freezing and thawing unit 10 with freezing/thawing
driving devices 12 coupled thereto, in accordance with the present invention. In the present
example, the freezing/thawing driving devices are identical, though they need not be. The
freezing and thawing unit in the present example is rectangular in shape, though other shapes are
possible, such as, for example, prismatic trapezoidal, rhomboidal, cylindrical, or oval. The side
panels of the unit (e.g., side panel 24) can be made of various materials, such as, for example,
metal. The side panels can be coupled together in a variety of ways, for example, by bolting
them together. One example of a metal is stainless steel. Preferably, the material of the side
panel is chosen to compliment the intended application. For example, if a slow freezing or
thawing process is desired, a polymer material is an example, and if a moderate freezing or
thawing process is desired, stainless steel is one example of a material that will help achieve that

goal.

[0025] Although two freezing/thawing dfiving devices are present in unit 10 in FIG. 1, it will
be understood that a different number, for example, one freezing/thawing driving device coupled

to one side, could be used.

[0026]  Unit 10 can be used, for example, to test the freezing and thawing characteristics on a
sample size of a bioproduct. As another example, unit 10 can be used for independent
preservation and processing of small quantities of bioproducts, where the container size(s) used

(see FIG. 3) is essentially the final product volume.



t hawi ng process is desired, stainless steel is one exanple of a materi al
that will help achieve that goal. [0025] Although two freezing/thaw ng
driving devices are present in unit 10 in FIG 1, it will be understood
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[0028] | patenobhie bivpbedtictiand largeheorthingl €, Wi ndi ng conduit 14 shown in FIG 1
could instead be a nunber of discrete conduits in parallel horizontally,
wtht he[0f0I2§)W ! I}n %ggtgercgrrqgolﬂirtnetrlt? glspn%le, winding conduit 14 shown in FIG. 1 could instead

be a number of discrete conduits in parallel horizontally, with the flow in each conduit running
either in the same direction or opposite directions for immediately adjacent conduits. Such a
design addresses the issue of a temperature gradient between the side panel (e.g., side panel 24)

top and bottom.

[0029] The contact between the heat-conducting structures (e.g., freezing/thawing driving
devices 12 in FIG. 1) and the sides of the freezing and thawing unit (e.g., side panel 24 in

FIG. 1), and the heat-conducting structures and the heat-transfer medium (e.g., heat-transfer
fluid) determines the freezing and thawing initialization and the subsequent movement of the
liquid-solid interfaces. The example designs herein demonstrate a high uniformity of heat flux
between the product/container and the heat conducting structures and the heat-transfer medium.
The example designs ensure high heat flux uniformity through those components, and therefore

assures consistency of freezing and thawing.

[0030] Freezing and thawing unit 10 also comprises two clamping arrays 20, best shown in
FIG. 2. In the present example, the clamping arrays are identical, however, it will be understood

that they need not be. As shown in FIG. 3, the purpose of the clamping arrays 20 is to hold
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Mexi M zeyet pBlibdodhimgicitR] a0k @baﬂ@ﬁrdcéﬁﬁésdhélgasfﬁ&@ﬁ!gﬁﬂawmg the bioproducts, for
example, some proportion of the width in the larger-scale process. Consequently, when used for
testing purposes, the unit is preferably sized to provide information that could be extrapolated to
indicate what would be experienced at a larger scale, for example, by keeping the same aspect

ratio.

[0032] Useable width 32 of unit 10 corresponds to a useable width for bag 28. In another
example, the useable width of bag 28 approximates a thickness for a larger-scale bag in order to
simulate a cross-section or “slice” of the larger-scale bag. This correspondence maximizes the
information obtainable from processing of the small-scale bag that is useful for purposes of
extrapolating to indicate an expected experience at the larger-scale. In the present example, if a
larger bag is desired in the small-scale process, in order to maintain this correspondence with the

larger-scale bags, the size of the smaller-scale bags are preferably changed only in height.

[0033]  Returning now to FIG. 2, each clamping array comprises an array of clamping pairs,
e.g., clamping pair 21. Each pair comprises a first element 22 that is stationary with respect to
panel 24 and a second element 25 that is moveable with respect to panel 24. Element 25 is spring

loaded in the clamping position shown. For example, one or more springs may be situated within
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cor r espeRgdenenda¥ievaes the information obtainable from processing of the
smal | -scal e bag that is useful for purposes of extrapolating to indicate an
expected experience at the |arger-scale. In the present exanple, if a
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pair 21. Each pair conprises a first elenent 22 that is stationary with
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25 to panel 24 (i connector 27). In_ such an exanple, the spring would
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manner, the cl anping arrafys al | ow eaﬁ | nsertion and renoval . [ 0034]
The cl an{9s exHepleraeeat-HgriRaiid girevlal ﬁg e8sas 18 Klel present exanple are

situated in relation to the bioproduct containers to provide the necessary
| ocal i zeghosgPeFEUA & HEAPh 80 SRowing an example of a freezing profile with temperature on the

Y axis 42 versus time in hours on the X axis 44 for a sample-size (in this example, 30 mL)
container on two different dates processed in the system of FIG. 1, compared to a large-scale
process (10 L sample). The results for both sizes are for the same specimen type. Line 46 in the
graph shows the results for the LPTF (Last Point to Freeze) on the second day, while line 48
shows the LPTF results for the first day of testing with the system of FIG. 1. In the present
example, the LPTF is in the upper central portion of the container. Also shown in the graph for
comparison are the results 49 for a large-scale process for a 10 liter specimen of the same
bioproduct. Finally, graph 40 also shows the temperature setpoint 41 and temperature of the
heat-transfer fluid supply 43, which can optionally be changed during the process. Also, the
temperature of the fluid supply and outlet are preferably monitored and used in the control

scheme.

[0036]  As shown graphically in the example of FIG. 4, a multi-step temperature setpoint 41
program has been implemented to deliver a controlled temperature profile 43 for the heat-transfer
fluid. The heat-transfer fluid temperature profile 43 used with the system of FIG. 1 is designed

to mimic the freezing characteristics of a large-scale unit. This profile is carefully adjusted to



and nucl eation sites to ensure mnimzation or elimnation of liquid
supercool i ng. The shape of the freezing/thawi ng driving devices in contact

with the gj of the freezing and thawi ng unit provide heat conduction
patterns, %ggeié\%%”gg the | ocal terrper%} ure gradient, bendGTBMOKGFIWArly ice
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freezing/thawi ng driving devices can be, for exanple, solid, or hollow wth,
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take into account chan?es in chiller cooling dynam cs and cooling capacity,
as wel | temperhingisshemachigmed gt & rateeeprespiivegy the parformansesiob thedangetsazlganical e
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adjustment 106 of the heat-transfer fluid temperature. Control of the heat-transfer fluid flow rate
and/or cooling capacity of the heat removal system are examples of alternatives for controlling

the rate of heat exchange in the small-scale unit.

[0038] Although not shown in FIG. 4, it will be understood that a similar approach could be
applied to mimic at a small scale the thawing characteristic of the same bioproduct on a large

scale.

[0039] Adjustment of the heat-transfer rate by whatever means permits a fine-tuning of the
temperature conditions for specific bioproduct requirements (e.g. proteins, cells, viruses, cell
fragments, cellular components), with the objective to maximize bioproduct stability. In

particular, faster freezing rates can be programmed, if required, for improved product stability.

[0040] As shown in FIG. 4, the solidification process occurring in the small- scale controlled
freezing unit is characterized by the absence of supercooling in the remaining liquid phase.
Supercooling is often associated with detrimental effects for bioproduct stability. Supercooling
may induce stress in bioproducts through cold denaturation and by introducing a large ice/liquid

interface. Supercooling is often more pronounced in a small volume compared to a large-scale



equilibration step 100 designed to snooth initial tenperature differences.
The next step in the setpoint profile is a cooling phase 102 designed to

equilibrate the systemto a | ow tenperature value clos e change
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t enper at dgtarecosnstly mypealquiation s smpropenAsgpmpitands madeui r enent s (e. g. proteins,
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to a large-scale
S'tqemperatm'e setpoint profile 51 and the temperature profile of the heat-transfer fluid supply 53.

As shown in FIG. 5, the initial liquid cooling is followed by the temperature plateau when the
liquid phase in the center remains close to zero degrees Celsius and the side of the container
freezes. After the freezing fronts reach the center and the whole product volume is frozen, the
frozen product cools down to the prescribed temperature level. During thawing, the temperature
of the heat transfer agent 53 is increased and the center point temperature increases, while the
edges of the container are already thawed and the liquid there stays near zero degrees Celsius.
The thawing can be conducted in a stationary state, or with movement of the freezing/thawing
driving device, container and container-holding assembly to enhance the thawing process.
Further details regarding thawing can be found in U.S. Patent Application Serial No. 09/579,846,
filed on May 26, 2000, and entitled “Cryopreservation Bag Assembly Structure,” which is herein

incorporated by reference in its entirety.

[0043] As shown graphically in FIG. 5, no significant difference in cooling, freezing or

thawing is observed from container to container. In addition, no supercoooling can be detected
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process.
shown) couplable to sides 72 is used to effect freezing and/or thawing. In addition, the freezing

and thawing unit is broken up into cells (e.g., cell 74) for accepting bioproduct specimens. The
specimens may be in their own container, as in the example of FIG. 3, but could instead be
placed directly in the cells. In that regard, the cells are optionally liquid-tight with respect to
each other to avoid a specimen from one cell contaminating another. In one example, dividers 76
are used to create the cells, and are made of, for example, the same material as the freezing and
thawing unit. The dividers could be permanent or they could be removable inserts slid into slots
in the sides, for example. The dividers can be selectively used to create cells of a desired size.

Cells might also be left selectively empty.

[0046] FIG. 8 depicts an optional heat-conductive cladding 80 that can be placed around the
outside of the freezing and thawing units of FIGs. 6 or 7 to improve heat transfer. The cladding
could be made of various heat-conductive materials, for example, metal. One example of a heat-

conductive metal that could be used is stainless steel.

[0047] FIG. 9 depicts a rectangular cassette 90 for holding a bioproduct specimen in the

freezing and thawing unit of either FIG. 6 or FIG. 7. Such cassettes could be used in conjunction



Further details regarding thawing can be found in U S. Patent Application
Serial No. 09/579,846, filed on May 26, 2000, and entitled
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coul d instead he C irectly inthe cells. In that regard, the cells
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are opti t with respect to each other to avoid a specinen
fromone cell contam nating another. In one exanple, dividers 76
[0049] While several aspects of the present invention have been described and depicted

herein, alternative aspects may be effected by those skilled in the art to accomplish the same
objectives. Accordingly, it is intended to cover all such alternative aspects as fall within the true

spirit and scope of the invention.



are used to create the cells, and are nmade of, for exanple, the sane
material as the freezing and thawing unit. The dividers could be pernanent
or they could be renovable inserts slid into slots in the sides, for
exanpl e. The dividers can be selectively used to create cells of a desired
size. Cells mght also be left selectively enpty. [0046] FIG 8 depicts an
opti onal heat-conductive cl addi ng 80-¥nat can be pl aced around the outside
of the freezing and thawing units of FIGs. 6 or 7 to inprove heat transfer.
The cladding could be made of varigUgpfgat - conductive materials, for
exanple, nmetal. One exanple of a hé&at- conductive netal that could be used

is stainl ess, steeg| . 047 I 9 i.cts rect u] ar ,cassette 90 for
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FIG 6 osémpristng: 7. Such cassettes could be used in conjunction WO 2004/ 055456
PCT/ US2003/ 039760 11 with the dividers descri bed above, or could be used
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t he control thakhalbscale, dndnehetdiihe find dinfension arldghe seodndadimensidn drediffeent r eezi ng
and thawi ng unit .over |ine 158. The control unit can operate, in one

exanpl e, in GBS nated fashion via conputer control, or, in another
exanpl e, through the use of manual contrals. 50049] Wi | e several aspects
of the presedt i nmhsappassuhefirdaindefiriiercomprang depstsideiviag device for at

least one of freezing and thawing, wherein the at least one driving device is coupleable to the at

least one of the at least two opposite surfaces.

3. The apparatus of claim 2, wherein the at least one driving device comprises at

least one conduit for a heat-transfer fluid.

4, The apparatus of claim 3, wherein the at least one conduit comprises a winding

conduit.

5. The apparatus of claim 1, further comprising at least two clamping arrays coupled

to the unit for holding a plurality of bioproduct containers.

6. The apparatus of claim 5, wherein the at least two clamping arrays are coupled to

the at least two opposite surfaces of the unit.



herein, alternative aspects may be effected by those skilled in the art to
acconplish the sane objectives. Accordingly, it is intended to cover al
such alternative aspects as fall within the true spirit and scope of the
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at the large scale is deducible frominformation obtained fromthe at | east
one bi oprodugt atrhe bhGraiRdflclatfi 3! Gheréi the WAR E&thpYist 8 piliisf ofdkiiEigsi on and the
second di mension are different dinensions. 2. The apparatus of claim1,

f ur t her heldmgithegit legstane bieproducdne driving device for at |east one of freezing
and thaw ng, wherein the at |east one driving device is coupleable to the at
| east one of 4 he @ ohfRshs JARIRPPRRMELLoRPHRALS Teastdne AEIRRRRIAiMSHOT Cl ai m
2, wherein the at |east one driving device conprises at |east one conduit
for a hohralityefresfler fluid. 4. The apparatus of claim3, wherein the at |east
one conduit conprises a winding conduit. 5. The apparatus of claim1,
further conpfj si N@e@ppdRESIL claiyd 106] AR 18451 ShéDf R WP ond @ividBeisuni t for

hol ding a plurality of bioproduct containers. 6. The apparatus of claimb§5,
wher ei nTepyable. | east two clanping arrays are coupled to the at |east two
opposite surfaces of the unit.

12.  The apparatus of claim 1, further comprising a heat-conductive cladding for the

unit.

13.  The apparatus of claim 12, wherein the heat-conductive cladding comprises a

metal.

14. A system for performing at least one of freezing and thawing of at least one

bioproduct on a small scale, comprising:

a unit for at least one of freezing and thawing at least one bioproduct on a small

scale, the unit comprising at least two opposite surfaces;

at least one driving device for at least one of freezing and thawing configured to

be coupled to at least one of the at least two opposite surfaces; and
at least one container for containing at least one bioproduct specimen within the
unit;

wherein at least one of (a) the at least two opposite surfaces and (b) a first
dimension of the at least one container, proportionally corresponds to a second dimension

of a bioproduct container for a larger-scale unit taken between freezing/thawing surfaces



-13- 7. The apparatus of claim1l1, wherein at |east one of the spacing and
the first dinmension proportionally corresponds about one-to-one to the
second di mension. 8. The apparatus of claim1, further conprising at |east
one container situatable wthin the unit for containing the at | east one
bi oproduct. 9. The apparatus of claim 1, wherein the unit conprises a
plurality of cells for holding the at4-1 east one bioproduct. 10. The
apparatus of claim9, further conprising at |east one divider for creating
the plurality of cells. 11. The apparatuys of claim 10, wherejn at |east one
of the at | e lerger vipRrpish cqneiner, SHstribintormation sbps e Leashne Bioproghti m 1,
further conpitiieilitge stalt@aliedabiBR Wi Merbtahdbtithel Gond theat 1ed3t dne bloprodlibe
appar at us of clainh$2 wherein t he heat-cpndu_éﬁve cl addi ng cogp[ises a
¢als if]

metal . 14. At$Fsma andWhespinthedirsidimensiop apie stcopd diaension aR diteral ng of
at | east onegimbisgyagoduct on a small scale, conprising: a unit for at |east
one of freezing and thawi ng at | east one bioproduct on a snmall scale, the

uni t compri jng e LGRS of MBmAAPORILE iRUE 88 SRe arilind SR ORI Livnlp devi ce
for at | east "one 0 reezing and awi ng confrgure 0o be ctouple o at
| east onee @hdiitfer aheat-gassfertflval. opposi t e surfaces; and at | east one contai ner

for containing at |east one bioproduct specinen within the wunit; wherein at

| east one of{a) f0e @l %F&a& 1%"‘&{188%?@ dt Rast hd ?o%%ﬁit F{lgpr(s@ a @in‘hinrﬁSt
di mensi on of the at | e€ast one con al ner, proportiona corresponds to a
second domteitsi on of a bioproduct container for a larger-scale unit taken

bet ween freezing/thawi ng surfaces -14- of the | arger bioproduct container,

between fr eezi ng : . er,.
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to the unit for holding a plurality of bioproduct containers.

18.  The system of claim 17, wherein the at least two clamping arrays are coupled to

the at least two opposite surfaces of the unit.

19.  The system of claim 14, wherein at least one of the spacing and the first

dimension proportionally corresponds about one-to-one to the second dimension.

20.  The system of claim 14, wherein the at least one container is integral with the

21.  The system of claim 20, wherein the at least one container comprises a plurality

of cells for holding the at least one bioproduct.

22.  The system of claim 21, further comprising at least one divider for creating the

plurality of cells.

23.  The system of claim 22, wherein at least one of the at least one divider is

removable.

24.  The system of claim 14, wherein the at least one container is separate from and

situatable within the unit.



at the small scale, and wherein the first dinmension and the second di nension
are different dinensions. 15. The systemof claim 14, wherein the at | east
one driving device conprises at |least one conduit for a heat-transfer
fluid. 16. The system of claim 15, wherein the at |east one conduit
conprises a winding conduit. 17. The system of claim 14, further conprising
at |least two clanping arrays coupl ed-!5%o the unit for holding a plurality of
bi oproduct containers. 18. The system of claim 17, wherein the at |east two
cl anpi ng arrgays . ) it 3 s of the
unit. 19. Th%ysygihgs Sﬁ#”(’:ﬁi?‘éﬁfﬂ%%&@#ﬁﬁ%aé%ggcgﬁgﬁgegﬁd@ﬁé%gg%ci ng and
t he firstit. di nension proportionally corresponds about one-to-one to the
second di mension. 20. The system of claim 14, wherein the at |east one
cont ai ner is,4 nt i . i L T [ erein
t he at Ieastzdénee[g%n sé%gh%glerrzgf %&{s}ééémg% éﬁeﬁtréaaﬁ?%% %@@eﬁ (i%%ﬂ#l ggrsahq%ﬁt%?ng t he
at | east one_bioproduct. 22. The systemof claim?21, further conprising at
| east one di %1 derA mgtho¢ penerforping pideashongrod freeajngsnd dhawing ofgleastigae syst em of
claim 22, %ﬂ@&%ﬁ?sﬁ%ﬂ&ﬁﬁﬁ&xﬁ%ﬁm f the at |least one divider is renovable.
24. The s&sten1o claim 14, ‘wherein the at |east one container is separate
fromand situatable within the unit. -15- 25. The system of claim 14,
further conpri si miovadingaunitfonaileast one of fraeringragd thawing-as leagtping biopwducthe syst em
of clain125,m¥@ﬁ{&j rkﬁﬁﬁpﬁéﬁbﬁ?@ﬂ%ﬁk%&ﬂaﬁ&addi”9 conprises a netal. 27. A
0 at 0

met hod of pertormn east on freezi'ng and thaw ng of at |east one
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device for at least one of freezing and thawing; and

performing at least one of freezing and thawing on the at least one bioproduct,

wherein the bioproduct is situated within the unit;

wherein at least one of (a) the at least two opposite surfaces and (b) a first
dimension of a bioproduct container for the unit, proportionally corresponds to a second
dimension of a bioproduct container for a larger-scale unit taken between
freezing/thawing surfaces of the larger bioproduct container, wherein information about
the at least one bioproduct at the large scale is deducible from information obtained from
the at least one bioproduct at the small scale, and wherein the first dimension and the

second dimension are different dimensions.

28.  The method of claim 27, further comprising situating the at least one bioproduct

within the unit.

29. The method of claim 28, wherein the bioproduct is situated within a container,

and wherein the situating comprises situating the container within the unit.

30.  The method of claim 27, wherein the unit comprises a plurality of cells for
accepting the at least one bioproduct, the method further comprising situating the at least one

bioproduct within at least one of the plurality of cells.



the unit conprising at |east two opposite surfaces; coupling at |east one of
the at | east two opposite surfaces to at | east one driving device for at

| east one of freezing and thawi ng; and perform ng at | east one of freezing
and thawi ng on the at | east one bioproduct, wherein the bioproduct is
situated within the unit; wherein at |least one of (a) the at |east two
opposite surfaces and (b) a first drkension of a bioproduct container for
the unit, proportionally corresponds to a second dinension of a bioproduct

container for. a larger-scale upit taken between freezing/thaw n urfaces
of the lar ge#l'bi (J—'S‘Fg‘?fﬁl'toﬁoil@ﬁi“éﬁé@?remg?%‘?r “T‘WBG?‘HB’E‘?‘“’BF\O‘E’H@W?“?%@P at | east
one bi opefdxbingdtbetween theagRast 6/d d&iviry déeide andaheatli¢adnedidpiddmutd. on obt ai ned

from the at |east one bioproduct at the small scale, and wherein the first

di rension ang, th second .di nensi.on are different di.nmensigns. 28. The net hod
of ol ai m 27, % ur (HEPIeRSF Fleih a7 SihoD pormRgisig EOuing BLIER GRecheRingS, oauct

Wi t hi n tcheluttivetcladdifg tolthe uniet hod of cl ai m 28, wherein the bi oproduct is
situated within a container, and wherein the situating conprises situating
the containet,within the unit. 30.,The d of. claim.27 rein the unit
conprises a %ﬂ'ur a etaﬁpacﬁtu%‘gl4%m1ﬁo‘?’her38%ﬁrgﬁbnﬂ%’nﬁf’m%sﬁg?‘%\41@ B opr oduct

t he nmet kberefnithé feeondodmiprisi i doghpaibdsaaliickagsst he at | east one bioproduct within
at |east one of the plurality of cells. -16- 31. The nmethod of claim 27,
wherein the rfogrnn 0 kses..contr.ollin rate of heat exchange between
the at "1 east “ne FepMRIRR A8 52 AR e b Petet e QLS afly 35 The

met hod ebmpiises afid¥bagf and wietein drejbidpsadagt containkr fhgthatlargeeasdle mitcomaibdsrag-
conductive Ija di grg to tge tmit. 33. The apparatus of claim1l, wherein the
first di‘feR g rkb?qtg‘é S49% dth, and wherein the second di mension
conprises a thickness. 34. The apparatus of claim 33, wherein the bioproduct
cont ai ner f 0B5.t heThersiystem ob¢lpitri B svhereini thesfirstadigensionctondpeisesiarwittheandi opr oduct

container, for_ the | arger-scale unit,.conprises a second bag |arger than the
first b ggwrmon the secon(fa (51%en510n comprises a thickness. 9 9

36.  The system of claim 35, wherein the bioproduct container for the unit comprises a
first bag, and wherein the bioproduct container for the larger-scale unit comprises a second bag

larger than the first bag.

37. The method of claim 27, wherein the first dimension comprises a width, and

wherein the second dimension comprises a thickness.

38.  The method of claim 37, wherein the bioproduct container for the unit comprises
a first bag, and wherein the bioproduct container for the larger-scale unit comprises a second bag

larger than the first bag.

39. A method of making apparatus for at least one of freezing and thawing at least

one bioproduct on a small scale, the method comprising:

providing a unit for at least one of freezing and thawing at least one bioproduct on
a small scale, the unit comprising at least two opposite surfaces for accepting a

bioproduct container for the unit when the bioproduct container is present; and



35. The systemof claim 14, wherein the first dinension conprises a w dth,
and wherein the second di nension conprises a thickness. 36. The system of
cl ai m 35, wherein the bioproduct container for the unit conprises a first
bag, and wherein the bioproduct container for the |arger-scale unit
conprises a second bag larger than the first bag. 37. The nethod of claim
27, wherein the first dinension conpri’Zses a width, and wherein the second
di mensi on conprises a thickness. 38. The nethod of claim 37, wherein the

bi opr oduct cont ai ner ftgr ghe unit conprises a first bag, a’g‘g wherein the

bi opr oduct cont aiH¥ertag at Ti’é”lwaroﬁﬁqsltgvaa%eslﬁ?lprt"p%ﬂﬁ?ﬁli}?@ CSROREC S D ag

| arger than ¢faQargérbidprétRt codfliner o B lh@el seille uRdchiRd befees Atdrmels@Ffadt of €ast one
of freezing and thawing at | east one bioproduct on a small scale, the

met hod corrprﬁhglafﬁj?bﬁpﬁgi“ﬂic?@maerunit for at |east one of freezing and thaw ng
at | east one bioproduct on a small scale, the unit conprising at |east two
opposi t e sur40acesThe orethwd ©f plainn3P, durthieor coprpoiding toupling atileast orfealrivingealeving t  when
the bio o) [ ' . , - ' t t wo
oppos ¢ SraE it AR aldnRE2he a3 onk 6 4 RACAP B ol WHRE} oy

bi oproduct container for a larger-scale unit taken between freezing surfaces
of the |argtr bilhgmesthediof eloim 39, farther epmnpriting conpling at ledst yoadlamiBng arfays t her

conpri singe Fﬁg\l}u&g‘é@{agl"?ﬂ?%{mﬁpg&{ Y@o‘ﬁﬁi&é vice for at |east one of

freezing an east one of the at |east two opposite
surfaces. 41. The nethod of claim 39, further conprising coupling at |east
two cl anpi ngddar r aihs methpdiofi elaimmt t, whereirtth¢ eiuplingcopipmises douplingfthenit dgastdwact

contain . dhdQudlees Wherein the coupling conprises
coupl i ng{aﬁwgéé?a%ggg{m%&ggt%%%g a%cre%ys to the at |east two opposite
surfaces. 43. The nethod of claim39, further conprising coupling a

heat - conduct 43e cThaarfitheg of tleing B further comprising cornling @ hedt-caadichve @afglygt em for
at | east, gpenpf freezing and thawing at |east one bioproduct on a snall
scal e, the method conpri si ng:

44, A method of making a system for at least one of freezing and thawing at least one

bioproduct on a small scale, the method comprising:

providing a unit for at least one of freezing and thawing at least one bioproduct on
a small scale, the unit comprising at least two opposite surfaces for accepting a

bioproduct container for the unit when the bioproduct container is present;

providing at least one container for containing at least one bioproduct specimen

within the unit; and

sizing a dimension of the at least one container to proportionally correspond to a
-slice of a larger bioproduct container for a larger-scale unit taken between freezing

surfaces of the larger bioproduct container.

45.  The method of claim 44, further comprising coupling at least one driving device

for at least one of freezing and thawing to the at least one of the at least two opposite surfaces.

46.  The method of claim 44, further comprising coupling at least two clamping arrays

to the unit for holding a plurality of bioproduct containers.



providing a unit for at |east one of freezing and thawi ng at |east one

bi oproduct on a snmall scale, the unit conprising at |east two opposite
surfaces for accepting a bioproduct container for the unit when the

bi oproduct container is present; providing at |east one container for
containing at | east one bioproduct specimen wthin the unit; and sizing a
di mensi on of the at | east one contai+fi& to proportionally correspond to a
slice of a larger bioproduct container for a |arger-scale unit taken between
freezing supfaces of the Iargerﬂgioproduct cont ai,ner . ?5. The, net hod of

clai m 44, f ¥t hertheBRiPT Sf HemctouPerrig he copplingcoprusey ciRling thsalleat W or  at

| east opempihg bk £87d e alBsbt tWANpOGtelsxfiche at | east one of the at least two
opposite surfaces. 46. The nmethod of claim44, further conprising coupling

at least two,clanping.arrays fo.the unit for holdi a pluralijty. of

bi opr oduct | cint amiereod 5S4 sl camntsing roupfing h sk ot Elraig coupt i ng
conpri sesheaipl i ng the at |east two clanping arrays to the at |east two
opposite surfaces. 48. The nethod of claim44, further conprising coupling a
heat-conductive addj,n ta the unit, 49, The qet od of claim44, wherein
provi ding ¢ K" at PEEEOR AECla s MhEFasing BF ot Tgesh e OGRS SISt one

cont ai ngfoviditigagleast oild dntaitdeintsgtdl with@he ubite met hod of cl aim 49, wherein
providing the at | east one container integral with the unit conprises

idi te t i ith : i f I f hol di th
D T east” ord by abe Bitfier S, btk Rlipt B o KasSonc Pt Plogflaith 0P g ™
provi di thg uait core@Bts roeiditi dt ldast oficddontaineeaith A plutdliey ¢flcellsfor holdiag theat least 52. The

met hod of c¢laimb51, wherein providing the at |east one divider conprises
provi di At BPPAEEt  one renpvabl e di vi der.

51.  The method of claim 50, further comprising providing at least one divider for

creating the plurality of cells.

52.  The method of claim 51, wherein providing the at least one divider comprises

providing at least one removable divider.





