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DOWN FREEZI NG AND THAW NG SYSTEM FOR U@mml@jmm”mm,
Bl OPHARMACEUTI CALS AND BI OLOd CS BACKGROUND

I NVENTI ON Techni cal Field [0001] The present i nvemglsen
Yehwwaessyserel ates to the freezing and thaw ngpetwus2003/039760
bi ophar maceutical s and biolbgics. Mre particularly,

the present invention relates to the preservation and
processing by controlled freezing and thawi ng of small

anount sSSCALENPIWNFRERZEVO ANF TRAWERG

bi ol ogi cs, using a reduced-scal e system groung
I nformation [ GE’U&ICMSMBB&@LQQIGS eezi ng)
and processing (freezing and thaw ng) of

b| ophar maceuti cg ﬁ&‘f{(ﬁ'fﬁb‘?ﬂ‘f li‘,ﬁ’f’ d) ely,

"bi oproducts"), not
limted to proteins, cells, "ant i bodi es nmedi ci nes,
pl asma, bl ood, bi ol ogi caethwicabFieldol uti ons, cel |
cul ture nedia, vi ruses serum cell fragrrents,

[1Tu ' . 1S
(0088 o TRpERFEARERIH g BRI AR EE RLAR Bl pan o1
bioplanmaceuticals aidiial ogice ebrepargulagyrsin presehtingention hsiaws! fbrthe

t haw n naro The t hods duce sub- opti ma
predcP Ao S Brofrering R oomEen BEcay D aee S nal aBtnet or samples of
biopteghaddatidalyandibidlegiss, ukifg a exiacsdlale bys&@ﬂi.OdUCt s can be

frozen and thawed in containers ranging from1l to 500

liters. [0003] However s and research
i nstitutions engaging Efaﬁk n@’%fql’jzgﬁfi‘tﬁ’@ and thaw ng of
bi oproducts in such |arge volunmes do so |argely

[00wz]t h ORtesérRaticil(stotdgy by Grebihd)yind @%&esﬁﬁg\/(ﬁ&@mglah@ BHaQshg of
gﬁ react in the process usi t he 1 ntended

pifatieals and fgolaaleacml%%wﬁﬁd‘bm&ducts’aaﬁoe Pxample.ligclpding, but not
hmﬁt@&to@r@c@i’n@ Qiéﬁ.tz anfbRlidNBEGHes PladlE bROHA %ﬁé%lﬁh%g%i solutions, cell

Even an establ’ished routine for preservati
culweymedia, virgsess sqrami ¢ell finigamonts,chgluler domponsntd, endruribes bioproduct, is

t | ials or
onGRE5 8 5L, R 0L 5, 808 Bl v
subsequentthawing i np:ercmnu r’EleSEemghodstp,loduce sub-aptiel plocéss eerditihs leading

o SRR g5 O BB e ot

corffaindts fangmgiffogn 1 eEsd00eerssuf fer from tenperature
gradients fromcontainer to container, leading to

ni £j cant . N .
[0055? I—iowever, 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
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differences in the freezing and processing conditions,
and subsequent product degradation or/and | oss.

Further, preservation and processing by placing the

smal | container into a cold nitrogen gas (typically
wonenat®ads from a | i quefied nitrogen), cool i nPAIEs7003/039760
over a certain period of tiRe and

therr plid@ihd Qe L the Qb kil Qlticbh Inay béllver GioRRBEEs i ' '
2804%%545_6 Rt Dtk traY 2t hen |e§ﬁ§%1°glmﬁ%‘é‘%ﬁeez‘“g from
Contaings 1 FRNAINEAS Vel a5 mpeparolad fregaing gaspssdhe prodest yelimien

cooling and freezing from container to container as
0008] | &S addIGEH) kaWhESE SrlafBRioRsts BEKIORBdGIRE; i
[ VO une._160051 In %déﬁtion? thamfﬂ%ﬁof sﬁgﬁﬁggg%&ﬁwghgwdby
leayipg Biespinddaemnsnyisonmest, dhus|lsading do stpivianth smicdngrol l¢detherwing which may

] Vi [ to, sl ow and ..
be AN B AL RATARS fonb e picholis RifdHapatit and
mipnaées elimReyps plodwd degyradatioh keldortitsawi ng may pr oduce
hi gher quality and mnimze or elimnate product

radati on and/or Joss. .[ Q0061 .The eservati on and
(0350 o B pe A Dt st ezt cut EWEREIo! Sl Angus of
bioptodpete thtgpisall askydratetivitly sipefeo6linglof grodubtprivr REG &R e
of product prior to freezing. The supercooling ofg _
S“R?f‘i?&[l%& of o sreaoafaersdeprada AR he sAntaler tieh icmnerature gradients,
codlingQate hRARR TRdsEA® Fh@G uERhtfon sité0 Ak Eﬁ’péi'égoﬁngglqr lr from container

presence of ice nucleation sites. The supercooling may
to enntaiear, leading tocam urepeatable progesst Zhewipercodingiinfpllowed by a rapid (flash)

: [ is foldowed b

T ERCEH PR GRIRE AT TIE SURBESARL' 1P Bl Y58 Rbseanen
slowiet fre¢zing dfehgpemminingpart cfehd podiet UBoth sipeasvdlifg and flash ffreezing can be

subs ent | ower, freezing of, the remaining part o )
deteymenta! 15 11t prodiuch Aids itk BB FRoHGIR 2 ATIEPERLAhIa Vel e myodishauality may
vaBGama@ttlid CoRtHiRdrs. t MiidiiezaRéréHefininafibislof SipBeSoling@¥n Bfovile uniform

in an unre gﬁ{abl e way, the product quality may vary
Pr ?Rj'o‘fqﬁ%ng highgoverall prodpstasalithn or el i mi nation of

supercool i ng can provide uni form product processing

[0607§ hiThe!a ee@eRists B ORI rélidBly dnd repe@E8flcoddidBihe Freezing (without
need exists for a way, to reliably and repeatedly

supssenaliee) adhaviag prosessipgifersoall quaniies efduerradctsina controlled way all
actoldfie B%dﬂE%?ﬁﬁé,%rél%{ﬁréJ@%é cdhdRfdnd ﬁ'éegﬁlg %{':l? ﬁf\?g'ﬁ{l%%:g)lﬂgitti%ns.

0ss the pro

In a controll ed way

condi ti ons. : ] QO8] Briefly,
the present invention satisfies the above-noted need

[08v8] Pr opichy) G}ea;ﬁ%%ﬂhﬁtion ?M%ﬁ%l eaﬁgvérﬁ%tlsaﬁ) gc];efdg;y providing apparatus,

freezing dnd/or thaw ng o anmoun
sygipmend mediod 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 driﬁng device for fieezing 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.



[00091 In accordance with the above, it is an object

of the present invention to provide a freezing and

thawi ng unit for freezing and/or thaw ng of snall

anounts of a bioproduct. [00101 The present invention
PYOIPE8S45¢ n a first aspect, -apparatus for fr&€arusg003/039760
and/or thawing at |east oné bioproduct. The apparatus

[00aDPr ThE Present Miivienti @t prf)ﬁﬂékz inseedhd/aBect, AaVEtEE fait pekfBARing freezing
ne bi op f%guct scal e, th unit conprising

an ?r thayyag 0 e"’éb?ﬂfg?‘?%" F%‘b%ﬂu ssgle; {he systrmpcqsmpriseg g unit for

fre%@oﬁﬂro@ ﬂﬁ%ﬁg’iﬁ%ast SneBHHRO KRR §n9a113§i:all=: 888 linif B&npnsmg at least two
drivi nggdew ce freezing and/or th aw ng.

oppAsis siEkagesaptdesst @tpﬁocirtwmmcy fordreecing M@dhmsp emdnlqableao at least
oné 5&?&%@%@{2 A g%e%”%ﬂg ?Jélset‘}lnlﬁ g&g%é?%&at!oﬁtawrﬁ%gtalgast one bioproduct
spesinagmrwithio the AR, 0O 4piiisielSfaBS htd JBARHRMARY 5pdked Bo {dH23gdnd to a

The re n entio rOV|des ' second as ct, a
treggGs B RGPS AR S BROES FREpn LetSP SR e 0bF tgping a
bldpﬁﬂﬁbt one bi opr oduct on a small scale. The syst em

corrpr | ses a unit for freezing and/or thaw ng at | east

roduct. on a smal| scale, the unit conprising
(odidr e A6t 1BYRHER PrOVides: fng ird aspect, a methadipd Parrfwmsgfreezms
ml@’@lvﬂhﬁ\@mfg%‘f af 122 3hdTBiopraaic? bn h BN §€leC AWR nRAR)d&ohfPrids providing a
| east oOne of the opposite surfaces, and at |east one

ung &tfmeweg andipr thavwingiahlent ovq bippraduct, et mrmtﬁmgtat least two opposite
surties! f) hﬂthtep@ongﬂisés colﬁlfhgoa?fé : %19 offﬁ% ?‘éo% e Qlir?aces 1o at least

propor | ORa y space spon

to corr

onp dtmng dengeenfoo freezlmﬁmgélf tmwaigs aruhietfounmg e&c’ezmgl amdﬂmthmhng on the at
il eez

haw ,n duct 0012] The
easPene RS v e SOPHDEt i oaleR RPN GE ot
nmet hod of performng freezing and/or thaw ng of at
[0013hst THese,land pthodobgtcta; featuresrantl Iad\&mage of The invetitiondwill become

it ..f
sxprany g e stk Bflats dSBiriioRbr bt RERR AwRRS o e dpvqgtion aken in
confunt§saswith the acqupgRahjing dawidgaces. The nethod further
conprises coupling at |east one of the opposite

surfaces to at one drj o e freezing

and/ or t haw ng® UM A Mﬁﬁ t hawi ng

on the at | east one bioproduct, wherein the
[0014]pr OBIG:!] depictsi dnd amﬂpw\bt dfréezing@ndithatving] \@thdith fi&eeig/thawing
and t her . obj ects at}ures and advantages. of this

drivines "Fcﬁﬁ“’vﬁcf’?‘ 3\‘1&‘ 1%2?5%%‘1‘?%’¢‘\“P6m t he foll ow ng

detail ed description of the various aspects of the
[a'omsae Nt FIG. 2 ddpits ot side@f ferfetingant thivin @nid 6 PIRARY ki@v details of

wi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]

ﬂ’lﬂlcgmpin&fé( % s one exanple of a freezing and thaw ng

unit with free2| ng/ t haw ng
[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.



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 clanping system [0016] FIG 3 depicts a specinen
POP0Y0EATS in a partially frozen state in theptragzioBsssrso
and thawing unit of FIG 14 [0017] FIG 4 is a

[ooigjeeZ Fry eepictd MoliRf etnHIBdtla e hg altl ﬁﬁﬁﬁ% il dvith freezing/thawing
| ar ge-scal e process for 'the sane specinen type.

driyinggdeyjcerjngccgrdpaceshe prsgent inyerdind. ¢ hawi ng profile for
anot her small quantity of specinen .distributed in
00284 i PG CRMA BEHIMpIRFA AR RP AR
00784 Do fT TRE Rl S i A L PR 2B Bfprocuc
samphe$. t hawi ng unit with freezing/thawing driving
devi ces in accordance the present invention. [0020]

hCE . j: and thaw .

00, 1At A AT g b BREEHOP sl e g and
thaokeg wiitof FDGOPt i onal heat - conducti ve cl addi ng for use
wth the freezing and thawing unit of FIG 7. [0022]

00535, 3uC3PhEH §-RATR5H BHRLpBRLELD PuBhPRER S nerion o
fre¢Aingyrdrdghawibg unif.0023] FIG 10 is a bl ock di agram of one
exanpl e of a freezing and thawi ng systemin

or ce.mth th resent inventiop. DETAILLED. .
(0BEE B B e tarleg e R R e o 21 & Breamgnd Eoing syifen in
acodrRRd RitRthedrésentinvdigioand thawi ng unit 10 with

freezing/thawing driving devices 12 coupl ed thereto,

i n accordanc ith the esent jnvention. ln the
present  ox MBIALER BeSCEIFION OES e WyapioN oy ces
are identical, though they need not be. The freezing
[0023f t G Ndepiéts bné Exanlpee §TradFeefibg QxEdEPIiAg ubit N Gt Teekiag/thawing
in shape, though other. shapes ar, tgossi bl e, such as,

drivppg dgyisesgi2eoupled &hergto.dn peearsianss; vith the pressp gvaution. In the present

exsple NHE frEhing/BAwRY FrivinE¥8visdsAfe iabaRe thoBfh thEF nsl¥ dot be. The
(e.qg., side panel 24) can be nmade of various
frepzing pndithawing vl imthe presentexample is rectangular in shape, iatigh other shapes are

pogsggl&@gﬁ%%c{?%ﬁéﬁglg{ q‘?lflﬂ{gaﬁgEédl%ideh,r}h@m%!c?}&él?éﬂmé?ﬁca‘ﬁa&é%Val. 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.



them toget her. One exanple of a netal i.s. stainless
steel. Preferably, the material of the side panel is
chosen to conplinent the intended application. For
exanple, if a slow freezing or thaw ng process i's

%550%“4@6 polymer material is an exanple, and |if
derate Treezing or thaw pg process is desi PQJ’USZ‘W’O””“

stal nl ess steel is one exanple of a material that wll
[002A p Asishewe thefieezingshawing diviag deviceh sulJ$. { wee coupled to opposite

sl 90 G i W0 SIS SRR by e
blopmrtb@s Flfewngﬁrawpigsdmmgaddvrcaelzﬁ eragli ¢dvewisp g vdnding ognduit 14 through

vi.ce .cou

whigh e B b5,8 of gt ol "R g ontp

18 afle tHANGEtNThe meﬂﬁg/ﬁfawﬁigl rﬁﬁ'lr@meﬁcesfoaﬂ'tﬂke il f8fin Of, fé example, plates
bi opr oduct .. As anot her exanple, unit 10 can be used

Mthapndwa EFcaheahexchangesaediun.isith asfar pramples Beat gxdrnes g The
Mvrrrgmt étaeq%q.qrep r»,rsmermr ﬁmarrewcg@aargﬁ%a téglselﬁé How

used (see is essentially the final
uniferinitygnd V\@Ql@@nmmare@ﬂecmgsmfoen b@@wwferalup(cfemmemvcontamer

to thE ALY dJrFr@ gf eeAifig %%%g&?gl‘ﬁé ffa 4 t\ﬁ# G@Hgﬁwﬁé‘ Jutif

are coup 'des 0 eezl nggg'ﬁa'mg Examples
of theayypies gf beait-transferciiule that cl)utrﬂieaiseﬂ iaclede Bquidsili€anepathylene glycol and

th,for the Di rod cts /thavvin drivin
saffitspit bhe, e BERGHISE et o siife G¥bnbatierbin a Hpgthyne
terdftratire £ AoolahBat Pot thé tnpithnd BRtoutue Ve Mbiitofing Cod be automated
for exanple, froman ipput 16 to an output =18 of the

(e-§o MR EOmPH{ES fawerzr%\gpltlrr@wﬁgheorﬁmprrﬁ@reoré\rhecl@@t-qurzmaed at the
in lﬁ' BordtNeY &f efféccpfhc%gr@ygﬁzed & p%ﬂ@r? gf %ézlﬁhg;r@i\.qwdtfél the parBcular

heat - exchange nedi um such I exa
applicatiam gEorfeieanile, thih goolfntdemperayire howkd hejcatiollédy duplicatethe freezing

p rf%}g%mgb g&& i Jlaf.oé t‘l:oqbarrr#e?w are designed to provide

oW unr orm i'zation for controll ed and
uni f or m heat transfer flux fromthe unit/container to

[00283 f | iniagother ¢m§pdimaazﬂln gingin,d?viﬁdiogmddait il shalvn mtEIGt heould instead

bedi S0 GUASE o St ihaorliR] B e i by ooh ¥t ruoming
elﬂgﬁqg itlee saivleidireetton @toppdsite dirgdtipafor ??g?d‘aab’ tadjageén® Gonduits. Such a

to.nonitor and,.co he freezing .
deSieh BEAreSSPTg S 4 BIPERIBTS SRR PEGr e S RENEL (of efide panel 24)
togtmdasgtta,n{_he i nput and the output. The nonitoring could
e automated (e.g., using conputers and/or

OB 5 G TS Bl TS v

des;ieer e2[rSpIee d) £1id thatidey of td frdeiff dhd Waw i@ Mhit Blg.f Qde pdR€l 24 in
articul ar application. For .exanple, the cool ant

ipaRa therhsatceanructing strushmeninddbe lreet-%pgsfqr g (geg., heat-transfer
ﬂﬁlﬁf@&étﬂﬂnes the freezing and thawing initialization and the subsequent movement of the

m

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



pattern of the bioproduct in a |arger container.
[ 00281 I n anot her enbodi nent, the single, w nding
conduit 14 shown in FIG | could instead be a nunber
of discrete conduits in parallel horizontally, wth
W 2600/83443n each conduit running either in tPETASIM3/039760
direction or opposite direct¢ions for i mediately =
mukRigjeaeftaineEABALIDE fh thiSégdingle) st tHe @5&5*5@1%91%1' g&@eésﬁlﬁ Wa
of a tenperature gradi ent between the sid el
pregegy a&on 4 a‘é:hp ypqus Elij’haﬂ%cébie&lﬂﬂs e @ﬁ?mPhﬂh g0hlewithout departing
{ { .
B o e ont o C HECHE L uffhp8 b o fisel For example ofa
me¢haniswitol e@omphlSh élaf ga@bzAnghoangthe plavément ofiilie fieezing/thasvigedriving

devgcteF &xlg i gregzxag ?ﬁnts I)’?g 3{1‘9 ? ]r ltglﬁgelflg fnat g o d U(f t&;i ggnter of the bag. The

fredzfipt frdntsofiosih @rtapeidd.shape whet e BoteRs of ﬂie big Be%idpEaditd than the top, thus
n|t|aI| ation and the subsequent novenent of

t hawi n
allqwjag thrs%ahp%?nslm ojexpadvsrticdly apike fzsezing|pertipagf ghesproduct undergoes
volEﬁE@i'c MASERRARLbAREE: todhd Vil wmufu%gmﬂy ’ﬂ{e tm%an%!; U3h encompass a

et ween the product/contai ner and t eat” conducti ng
largetrangetfinme 8 shight negativi ergle (abeitatiogs kfedtigress) thibbgh zera dmrees and

| NS, EEQ flux uniformty through those
%@ﬁ%onen?ﬁﬁg %g&t%ﬁ 3 assures consi stency of
freezing and thaw ng. [00301 Freezing and thaw ng unit
[0030] al Sﬁdsm&iwwni iaﬂﬁ 13wl usdablewidtl 32 of anit 123, préfesblyshareno correspond

rese X e cl anpi
to P istpnE el np e i hics GRS S i e R Bieppe soute
prdcBtwlch Q&edﬁbﬁﬂ:sﬁﬁﬁ, itbérderAs nﬁhﬂm&b th@infdrmation obtaie® tHpRRIHE; freezing
%@?the clari}&§ g rays %S to hol d WO 2004/ 05Mb6
JBSSEis s S FEPLe ¢t seRblg ‘fﬂd UG mbeiwpen qRpgsjtesides is common in
larb AL A1 REAR B fof bidpioabcts Whick cARER SoHIEBorTHehte R EQERES 6xp&ch side for
and preservation. As such, various nechani cal designs

fregzing or thewinapierRAstiYahy- sH@\wel Wi witl ba undrsgteed thatp varietnaftvidths could
be Sé?élfedtto Rimicfe %F@e? @&ﬁe &Q}a.ggrgl%l aé;a H@e&mgﬁﬁmh%%e%rgalcts, for

ays are mer one ant s
examplemohleswmndmm qfdhﬂ WIdAsmstlmdwggr-tchb ppdxasse réamisequiently) evhen used for

f.reezin Vi ce n freezin
PP REE e oSS MR el R OBl e b b Mapotaed o
indibete Whg wollli&be éxpefigncod afalaptiSschle)fot exahiiis b HeepiritBe same aspect
with the bottomof the bag freezing earlier than the

r%p, thus allowing the unfrozen liquid to expand
vertically as the freezing portion of the product

[oorml er gossablewabthBtof ugit 10 SGrespdhdn f Dibeshle widih Fdi®ag 28. In another
sol | d transition. The taper . angl e can encompass

example &5 aseal legadiy ol brg 28 Pnpgfrﬁmﬁe@%\@li%esa vl aela'(gab&ﬂe bag in order to

siffilBiéS choss H8QI0RRST ) shch? OB aZRE-caltthp © ThistttespdRSdnkt Waximizes the
as shown, |ess than 90 deqrees.

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



[00311 Also shown in FIG 3, a useable wdth 32 of

unit 10 is preferably nade to correspond to the

di stance between the freezing surfaces that are used

in the corresponding | arge-scale process when used
wohooi@sdukng, in order to maxi m ze the infor nmplcrs2003/039760
obt ai ned regardi ng freezing?s of the bioproduct. For

| ] 0si t e
BRSNSl ol BB MSERIES! bt 7).
suchian prasehie tthe spning wouldpual tlemens|25 dn ome dirstiemarslthé slosavould shift

BT BRI AT Y E gy -
end@6difetententi2 3 eldngenaPPbest dotmiwhrdia@d bWay Fram@ERimene a2 Qlue to movement

process s wel] ~as freezing/thaw ng the bioproducts,
of gogpector,2] m@qn@, ang{sﬂélob%% p&this Byangsr. the,elappingqrrays allga easy bag
insbrab98id ofRVE. process. Consequently, when used for

testing purposes, the unit is preferably sized to

provide information that could be extrapolated to
[003dL; ¢ dihe clamps apd freeringdhawips diidng deviees imthe pragent example are situated

in {iiof YAHD bioprobal BRI o BV e (BORREY lodbldademb i sradicnts
andvnutidatibrositels agerB8re thmimirgtoner eliniatig « liquiisupeaeadiing. The shape of

i dt.h of bag,28 approximates, a..thickness,for a . .
the e MO i P RRA G g Vi i SOPESEing Breefhe nog thappine wnie
provide bt cdfdudtion phgerh bg@wel sthé Redlaghpeldtu gradient, beneficial to early ice

correspQondence maxi nizes the  informati on, obtai nable
-n“?lF%’RPHF gleéggﬁawgr s¢ ke Tepzing/tawing.dgyng gmqes can besphijed to

prdddte QHNMAS BSat @bndRsd Piiteinthl B thfipdrittieGRbMle 26t iEXARTaREh and
experience at the larger-scale. In the present

suleseaiept keat remayal (and deliveryfgr thawinakhetweenithe uniband the freezing/thawing

sl - r 06 ' . ' _ o .
RSB BLORR oy LE s T B4 Borabl ot o ot v,
fordxample, = hedtitensfecfiuié civadmedthrmugh them; anFIGhanged onl y

in height. [0033] Returning nowto FIG 2, each

i . . _ . .
(0835 ™' 1, i EcabR IRl A LB 6r R reLyi AT RIORR Pl fefiperature on the
Y exieARntrs@2imémthouss antthe Karm Ay foviatsamplesyizzedin this expaple] 30 mL)
24. and S nd, el enent 25.that |s able wt
cofigirggn Py e s Triesfd in P8bystel FRBAD Sifatedto p puge-scale
prodess @D gahiple) P Thé fesalts fBHHEN ;i_zéﬁ@fv%ibgglggllngg g]ibggn@rtyﬁ@ M€ine 46 in the
SRri ngs may be si Wi t.hin L
grpi%nﬁhwgﬁ 6193?%'3‘9 f@éﬁeuﬁ’gﬁdwmé to Ergerel R fheserongd depevhile line 48
shb@§ IHRNPTFY. s 16k B RFBMy of Pestifly Wl Be Sﬁﬁer{l lof BIG. 1. In the present
connector 27). In such an exanple, the spring would

exgmple. e dXdtis imthe nprop eenial Ragtionon therrentainer.s Alse shewswindthe graph for
cttiblop 8L BRERICE: 1 RLGS Ll ol BPERD 147 oL g e
bipprodict.eFimaky)tgrarh, 40allsorshows the tempoxagirelsafpnintrdd aad tenapesature of the

m &l dye. t f nector 27
e B TRy Yfch R AR e Ron SR RIRH B pfges. Al e
tearpeatise af the Aurlssnipplyand 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



insertion and renoval. [00341 The cl anps and
freezing/thawi ng driving devi-ces in the present

exanple are situated in relation to the bioproduct
containers to provide the necessary |ocalized

wanmos/edsisee gradi ents  and nucl eation sites t @ceRzENo0S039760
nininization or elimnationgof |iquid supercoollng

| Vi ces
take 8 EORRE cfineet BRIL S AP AU Mg ol Mg, i 8 changes n
overallileat qxcbangdefﬁmatcy betmaerciargerscgaandesnmd]-scate umtk.l as t he
| ocal terrperat ure gradient, beneficial to early ice
cl eat.i t .ends. The fr ein/1thavvin
00847, A8 Beb b PSR 8 D65 RGeS R Db o

equhtbadtloﬁammmldmgwmtb @inooth mdnﬂhanﬁemme rdiffetérefr Thd et step in the
nucl eation- and. subsequen heat renoval (and

setmg}t m@'ﬁsf1Sfao<fooélﬁmq§5)l%éﬁss@%t°teﬁ%m 1ot the ytenmio 2 low temperature

e’ @615 el fAVE EifingHeinprfirdl OV LiE&decrER& 104 of the heat-t
v freezi ng/etﬂggw ng 1(gJIrl V|¥’ng devi Ce«gp'iiggrn :e foor ee)fgtn{ﬁnsfer fluid

tenm@liatlm; isdherhgrneraged for mshortipgriodattingd, in orderte promota iremacleation at the
upsr_qf &e %)%ialr? eaé %d ﬂ%@gﬁg Wﬂé%m e?‘éc)l(, a{:ﬂn% {émpegra € %)P tg% %nﬁaner walls
conpactifig the hant d)mhmgp eteatentsdraps qtnhEy b¥oanths Sdlﬂlﬁtﬁflsmﬁrﬂpblﬁﬁlre of the

bioppafich e acitgori Soltiogs e ibe e Bria b e (it formed at these

edqéE AREERE Pripaghtd ﬁuswgitﬁm@i&mxfd: tn thd formQUTRR6 8fpdsite ﬁonts (see FIG. 3),
ge-scale process (10 anple). The results for

andotbp HelgFlbé@f these frosts @qpén@@ﬁéhestb@rmom@nvgxp’@pmﬂpmf thesqlidified mass

an& !ﬂ@ Er eez e§"*ﬁ ?E’x\f’ﬁrg{a ? gec%ﬁgéjé a%, wl %IHFH e?‘%“ﬁzgﬂ‘%‘l’ %ﬁm\%ﬁ&& yelocity is

aclu@'EE by emsiulasmg ¢he teinperafuresef thidlyeatiransfes fliidghaticirbulatesthrough the heat-
st e TF LS

ex‘%n%% e upper ﬁ}:eecnoto}l 0{)%? Fﬁ)l& Cﬁﬁ?dhleég g‘;ri{hg ﬁr? é'{rq&s"k{) ooraee

tenpfepatticei inthieh aclgewdlat & cate represgusative of the perfarhances of tlt-s!arg&scale unit.

for e-sc rocess.for..a. 10 lit eci
The e S5 45 B R AR g Rt iR < esiomipls i RGeS B S pp-step
adfuStiRat Plg6fahé Eéd@-@ﬂaﬁerx“fﬂm@ﬁﬁEEﬁfﬁP@ r@dntoBofathe hé¥e transfer fluid flow rate
eat-transfer fluid suppl 3, which can optionally be
and/puenping gepaciy of te hﬁ?té@é%\@l syalegire eHpEplaseoipliorattiyestop pontrolling
tth %Jf'hlébc}%xﬁ“lednﬂ\@gl g\qjtséaz% i e preferably nonitored

use contr me. [00361 As shown
graphlcally in the exanple of FIG 4, a nulti-step

[0838}per Althoughget ghommin FIG. 4pitargh amﬁt%@éhatuarwméw@npre@lch could be
aphﬁ%#gltﬂr)ﬁérﬁé ?taa §tid f §ch| ltl?e%&ﬂé\%ﬁg %ﬂc&&ﬁtl?&ﬁl? [L\egnlnegﬁolgrgauc'i Qﬁ a large

at-transter
scaglenper at ure proflle 43 used with the systemof FIG 1
Is designed to mmc the freezing characteristics of a

[O{I?’] 8\% %8@2?‘8%@ bgthe é@ét%ﬂ%%‘g% Haﬂf %g g\?gﬁ%rgﬁéélnk }Serﬂﬁ"& lésffngguning 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



take into account changes in chiller cooling dynam cs

and cooling capacity, as well as changes in overall

heat exchange efficiency between | arge-scal e and

small-scale units. [00371 In the exanple of FIG 4,

wheseisasy nt tenperature profile 41 conpri segCa/ushasmn3o760

equilibration step 100 designed to snooth initial

t [ : . :

v TS BAN L RGE sERSRih o y Bal U dpeppotnr,
achigyed by b intimatehanddgealized qoptagt Hetween elwpeata:tomdmting atruetures and the

t t .
o 8B Brk B EPAPoA NN SIBRERIPlfe #A Gl e e
transfer fhuihatglenensat efdrystat miclation. mmhmd obthe tqtrwme's th el with the
rom)ﬁtle |c ucl eati on at { ps of th

tQ
con R RS o GoudtER T 1 el P Fgtiontseficial to the
earlyGiBP REMUbE 1rPtfhe lch@ainéi tnad. rMBre‘Q@t’ohﬁatloﬁ Qégaﬁﬁﬁ% 4 JJR can be found in

heat exchange el ements drops quickly
U.S dlatet Np cadd 6205 seysd ondanvaryds ZWEeto Rmhapir WmWcha rwhich is herein

ing in deliberate ice
mc@ﬂ:‘dfa?ébf‘tf icélléIrncglﬁllléseémMﬁed at these edges will then
pr opagat e throu%h the container in the formof two
[004pp os i AssshbworgraphicgBeinHIG, 4 3t)syste1arsnlcltdsehatei the ptegerdfexample with a

santclﬁgﬁﬁg o{; oﬁgi’%dﬁ Q%%ﬁ%ﬁ il t!xgg% rmg lﬂ?.rg r}sg% oS8 {htelsgnsle bioproduct

onpéarge souken Cﬂlus,fentlhes Sy afed in tl)é\ldigej Beatofiédzitly o bidphRlucts can use the
freezin fro(g*t‘t .vel oci t ul ati ng

PreseARYeRtion o Qyaip FFQ’%%‘&%/‘lVFF%fﬂ%‘P%‘P“ of @P g%%%& beél@weup%tile gioproduct
befokd erhh@amonexﬁﬁﬁmeaﬁﬁm%mg fradd he cool i ng of
the fully solidified mass to the final desired storage
nperat ure is then achjieved at a rate represent ative
l0'b4r21t heF1Ser g agnded shewing an pxample of @-ffeezing prd thawme prefile with
terﬁfaeriﬂ:f&din tHOY x5 A VRksub fife SRdurs GHOBE R Aty 94 forsik Bx'nﬁll-sue specimens,
exanple is controlled by a nulti-step adjustnment 106
in g1is exgmpiedl mieaels Peacessed inpataliphia thetsystem o3 rlo| Lings 36HE show the
el hd RS prbocklil SRS Bk om0 86 RGO pHAATh b upper
centfiral @ortaniof ¢ Cfoutaum(ﬂ”(tlﬂbislexmgple tHags)r alse shéwi apgraph 50 are the

GG e PRopIE BT ang (if Bipetifironolils o Heiget RS AR supply 53
Asamamaﬁ FIG.oyltisk ifigial lequid doeling i folioWed b thexempPthturéSlatesu when the

t haw characterlstl c of the sape bioproduct on a
lqu&f E’&Bg gentqraeragas cpfe i zve Aesrens Celsas pad thesidg of fhe container

frécdése Aﬂel‘ﬂ‘ibaﬁ&%ﬁf froR&8ach MeBehter sndith\wndI¥ Bfoﬁgct%llfnlikeis frozen, the
tenmperature conditions for specific bioproduct

frozen pradusienepls downgo themaeseibed tenaperature lavek Jausing thawing, the temperature
off tﬁm{}&rcsfer %Eedt l5|3 A inb2AReQ Qrﬁf‘thé ):entéf“p“ﬁt {elhl? II%Urg ﬁ#caé%e;\ghlle the

maxi m ze bioproduct stability. parti cul ar,
edgeseizhe gomgnesaredwa@bthpwggardrﬁmhhmd therestiys nexl zerb@iegxees Celsius.

Tfhemﬂ \ﬁf‘ﬁ% : d?#h%cté& i deddotar s{a%ogr%lﬂﬁio%%vﬂ?ﬂf ﬁg ﬁ;gﬁmg/thawmg

I'cati on process otcurrin
dving éemntmmhhmand boIEanerrt@Idmg assensbl}ctmaﬁnhmice lthezthﬁvh)g process.

F \%\ﬂgg gagi?snl%garglfng%fwenrlgc ga?ll be fotmd in {Jthe Patent £ Applllcz%mn S%naﬂ\lo 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



Supercooling is often associated with detrinental

effects for bioproduct stability. Supercooling may

i nduce stress in bioproducts through cold denaturation
and by introducing a large ice/liquid interface.
Bopenesedsong is often nore pronounced in a SMREt/US2003/039760
vol ume conpared to a | arged&cal e WO 2004/ 055456

prioPle thé 5RA0 30438 ﬁﬁessgﬂk%ﬁty&gm o@ltﬂerﬂrﬁgﬁ Slﬂ'ﬂ;-i ﬁf)n rovides a good

mnimzation of su ercoomglnt ale un
unifgramist ?I@éGPqQé\“ébﬂlB’SOf ﬂmih'i:rexabue@yelarmmmmzmtrskaaﬂdewatlon and
[ f |
poteé ??ﬁ?&% rgggﬁﬁﬁ% ﬂ%{a&%{) edgorol Eﬁ%l ﬁ%{r?lgg‘l § 8w that complex
freezing and themwing mltldmbyarabesdchreped \enlp&:b ptaser ug[eaﬁidne MWote the e}\ample

rovided the heat- transfer fluid at the ons
stepRiphaness B Bbmodle bt SHoaikand o4l Seepetin oOF pprse, other

temP&RfudSprofies Breldld poSHlE & dHin Wit \VihelSystdhe SIRAGHRpIeR Datterns allow
pattern, as well as the tenperature gradient

for wsrvath %W&ie‘taﬁe‘b’rﬁ‘ébw@&d}liﬁsl ce nucleation in the
container ends. Mdre information regarding this point

[0o44n berd. 1dt§hnoﬁ4e1$axaﬁ’@ieleta fM@zm@m@tYla@ﬁg fun.'lt 34Re on

January 8, to Richard W sni ewski , is herein
freezweﬁhwnaﬂ@umayievleqSéﬂeln@ecqrd\anm tmtbﬁtan@teyn m{'e@!@an] Thes

frec? i3/ HianBh @ RALRE dkiods ied fFexingld, BY ST B SN Mg N 3 nlcfica

ﬂemlnhty df] nndﬂeéd lﬁtimmed 1dar bé peeided gxrmtgartm}mdesﬂf bzseriafs, fof €xample,

PlogR R e et A gaPro e, dRubie of U spBpioGeNd be used. Asin

the §iddd eX&Bplt \ehenUsES M testin}y 8 5daBR Wilth@BlofkHe freezing and thawing unit is
representative information of the freezing behavior o

Prefer@lmhs FADE at that waick wauld be gsed for aypseimen in theicomespending large-scale

bio mﬁ&qﬁgzﬁggmdnon is made. [0042] FIG 5 is a graph
s ovm ng an exanple of a freezing and thaw ng

le with, tenperature on the Y axis 52 versus tine
[00|4ﬂ hoﬂ@ ‘benigteangthex pxanmie of s fragzipg gpdhthawingAmit 70, in accordance with

the%ar & t rle?xtlon ' ﬁemh%cee&mafe%r" #b. ?sﬁ%&eck@@?@%ﬁéﬁ%&v é){bﬁaenge (not

system o Li nes
shofamg equpi@blatwsldds éﬁnmgeqbtoo&fies’s&mgmg endier thawingp iregdbitionglthe freezing

t ur e. u cen .
s R TP G B o Rl (5 ol G MBSy spooimens. The
spebintemis SiuyVe in I:lleg-ro&pm:oﬁﬁuﬁf as trhﬁc exdafippesfaRIGl 33 lﬁlebcﬂﬂd istead be

rof.ile 51 an e . tenperature profile of
plafsCitcc g Pl (hoEigRt e esls HeonBaly i epight vith respect to
eachib8her b avod a kpedihheh E@@blh%llicﬁmtaﬁxﬁiaﬁ?ﬂﬁ%ﬂﬁy Irhﬁle examplc dividers 76
te eraturepateau when the [|iqui hase in

areUse( torcreate e sells prskaze mgde ofy for a’é"g?fé%éhec%wmﬁe% @s thnéreezmg and
tha¥isteufif. THRUGAES 618 be pérﬁﬁ&%@ 8r th%&ﬁﬁd 15471% oV ir{g&ts slid into slots

fronts reach the center and ol e pro uct vo
in the sides ferexample. The dividerynan e @Qlemdws@mmqat; deleof a desired size.

e g T U e

i ncreased and the center point tenperature increases,
[0046] | e KIRe 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 F 1G. 7. Such cassettes could be used in conjunction



edges of the container are already thawed and the
liquid there stays near zero degrees Celsius. The
t hawi ng can be conducted in a stationary state, or
wi th nmovenent of the freezing/thawi ng driving device,
wonvaossse and cont ai ner- hol di ng assenbly to edTas2603/039760
the thawi ng process. Furthkier details regarding
withithedilv[H8rscRBeritRd hBdiiR dorl dduld-beusddah 8EHd oPBR! dividdrh. OQucﬁed'agﬁ{tes can be
No, 09/579,846, filed on May 26, 2000, and entitl
made of {5)5prme Biatexie] anthety geZmQMawramm adifferenimateyial, for example,

stau{l\?sﬁ Qe%’l tilaRfRd BRF 1%%%%}@)(1\151%\@1{ ﬁﬂqg alless' fxﬁgﬁ%'aﬁ& %Xmgostltes etc.,

shown I ca
and dan‘ ﬁeeofehﬁ”@entrsmg@tﬂ aurtghe afppb@zlpmngne exdnaplé, tige WBith 92 of the cassette

cor GG d sriR AR ElL By SRR STt tadsRut ponding afee-sale
prodess] iitR0 he 88y HEFIGL®. prior to the phase change
process. The system of the present inventi on provi des

[004@] eat ﬁ[(%t‘mllg# g]f# gfg‘%ﬂrfgﬁég%%% bl l g}ﬁ{}ga&lﬂﬁ system 150 in

acc@iRB Wil thé p&k&ﬂ Divet{ond TGE sydeed @ﬂﬂﬁsm fogrgingrand ﬂﬁ%ﬂng unit 152
FI Gs. 4 and al so show that conplex freezing a

nd
uangwdwurﬁghea&@mah&e raediupdopeampleefieazingrand H@WHP%‘S@HO inFIG. 1. A
con{r&\{ﬁlﬂtl]SQr&onm ﬁletté}ia e?m& owir& }S‘fﬁg 1@51& RERSxENREe %p&ium. One
ssibl'e in the setpoint an CO0 erat ures:
examplsvrcﬁ' gnchot ¢rmtrol wratip thedERIY @PIOTF offee@i larletegtam Biosysteldsglne., in

h
Na;}anglqtgrma %\gﬁﬁem Btﬁ %l?//ogetrd? sy ch %a? ng?lgag%égﬁg altnte? %}Al]%ufa%s
conEinﬁusE teyliap froﬂﬂhé heez@@ma@ucg‘ unit tb tReshidgl unitdver line 156, and

uni.t ezi ng/ t hawi n n deV| ces
fror 5 Qo tig i {9 Abe e R Aq Fhgwiseets pen NG A1 Lhe Chpfel it can operate,
in onk e%;ne,/ ih laaweﬁla@a ifashiodl vfkaeéhﬁoaﬁr &nérol, bR in MOAR leRampb!B /hrough

same type as in FIG 1. Structural erX|b|I|ty of
the ypg of rggnual gongralsi r ed, can be provided through the

choice of materials, for exanple, plastic of varying

[ooaélr engiiife ﬁ%a@ﬁé&%ﬁl&ﬂ?&emﬁﬁ%ﬂ&i Rfe ®Berf d¥Scribed and depicted
application, cou be used in_ the first exanple,

hergip calternatiyie Aspects guyibp gtfecied bycthese skilledjintheat tofaceoraplish the same
obj t@{%ﬁgg ' Rgc %ﬂ V\%lz NeWifendid é(li ?dv?‘,r alPuf StaYe Estf)%%é a1 RWithin the true

1'd be use or a specinen
Spidtmdessmﬂftl’mgmwaﬁgerscal e bi oproduct free2| ng
operation. [0045] FIG 7 depicts another exanple of a
freezing and thaw ng unit 70, in accordance wth the
present invention. As with the exanple of FIG 6, sone
mechani sm for heat exchange (not shown) couplable to
sides 72 is used to effect freezing and/or thawing. In
addition, the freezing and thawng unit is broken up

into cells (e.g., cell 74) for accepting bioproduct
speci nens. The




specimens may be in their own container, as in the
exanple 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 specinen fromone cell contam nating anot her.
In one exanple, dividers 76 are used to create the
cells, and are made of, for2-exanple, the sane materi al
as the freezing and thawing unit. The dividers could
be permanent or they couIE ﬁﬁ renovabl e inserts slid
into slots in the sidess exanpl e. The dividers
can be selectively used to create cells of a desired
si 2e. ADPRRWS ﬁqrghlﬁasa%ef Feezing prd taayipg 4tilepg! ape higproguct,
compR&dH] FI G 8 depicts an optional heat-conductive
cl addi ng 80 that can be pl aced around the outside of
t he freeZL unj of ElGs, 6
mpr v e o s P it Bl B B et S e g
v asdalpithe htaaCtoxrmosldmttlcastewrmpwmteahs”qcea“ or exanple, netal.
One exanpl e of a heat- conductive netal that could be
used i swistein atlleastone bfthe at Idaki@wa dppblitesurfaceleip barifiguad to be

recta cassett.e

G SOPIREIP RlcafitRe &l bt Rl o eal o feeig B prein

Fl @astonoef (&)laGpacing dEthelat leass Swtoppasite unflacks lamd 3 & first dhmensxon of

OB Borl D I HORR R0 R SR0021 030700 o il o

of biopredutit vanthémes for Slarger-cerbeoumittaken etweeh freezingibaving s\ﬂaces of

i-al f
l%?fohgbdu&%xfﬁﬁ?o\&ﬁge@ algﬁirrﬁz[ﬁgn Ll{bal ! gtslééfggts ne %fopﬁ)duct at

t | tt*&rhargchaln i dedupible frery slforallam ohtainechfrom thesat lehst osnsbwproduct at

PORETRAR sARCarid WHeRR ttlceﬁrst ftnénsion mWe &%hdlzﬁrn&t‘sxon are different

different sizes to suit the application.

ex4MREONSt he wi dth 92 of the cassette corresponds to

a cross-sectional thickness for a container used in a

coir es pbedbpagatisaf glaing &fther gnmpoisingat leastning drivingdavive fizaty
least Shefok ﬁ;bezﬁng aLQ@xé%g,F\L}%elrJ@e htJeakt om: &}an%jde@ﬁé %'&)ﬁgleag{é% the at

exanp freezin aMAng system 150
leasﬁ%‘@Of@aﬁbléaSthOt?PP?ﬁée E}F@S@nt i nvention. The syst em

conprises a freezing and thawing unit 152 wusing a

|'i qui d Treappeeatcdfieiin Ppaticttin thé Alecatoasiiving device cdrigisandl
leastonec Ll éle]‘%'é}rgi 1. A control unit 154

cont? LTt rAnds e and flow rate of the liquid

heat - exchange medi um One exanple of such a contro

unitt i sThelspparryCrficlalT 3 oftfersincthie 4 Jeastioneepnduitebmprises a winding
conRliosystems, Inc., in Napa, California. System 150 is

cl osed, such that t he heat - exchange medi um circul ates

cogtln usI (% F fromthe freezing and, thaw ng

QnPt -t of FRRPASER L am gqmprisingatiesst twa mping grrpystraupled
to tiequnit fa@ lholdinigta plealith6f HidpeRiattRentainds. t hawi ng unit over

line 158. The control unit can operate,

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

the at least two opposite surfaces of the unit.



in one exanple, in an automated fashion via conputer
control, or, in another exanple, through the use of
manual controls. [0049] Wil e several aspects of the
present invention have been described and depicted
herein, alternative aspects nmay be effected by those
skilled in the art to acconplish the sane objectives.
Accordingly, it is intendetB-to cover all such
alternative aspects as fall within the true spirit
and scqpe of the_invention. -12- CLAI M5 1, rat us
f o?' at Q‘ﬁ’éa%ﬁm&ﬁé’f gpint I, bR gt IgastoneRb e ﬁ@a"ﬁ‘ﬁﬁﬁ‘g‘i‘%%’%ne
diméYisiop pRgot€ibnally EaFeRFdnas dbgut ofie-tordnk td the seadnd dd@&dsioane of
freezing and thaw ng at | east one bioproduct on a

sl | o Lo .
ortos: S rnl 0 |, SO Pl SRS or e g

withirethe unit fprconiaining thesat degstioncieprodiicic onf i gured to be
coupled to at | east one driving device for at |east

ong. of fhe@FpatdiG o BlEint 1) NMERE the VAR kothptised a pllnBAGTor 18 fo?f
of the at | east two opposite surfaces

a). a spacin
hOICéWdhe(arSjea%{ opg g‘gﬁméﬂchensi on of a bioproduct container
for the unit, proportionally corresponds to a second
di h@nsiThe apfaraus of clejor Y durdier @optising e leat@ne divider for creating the
cale unit taken between freezing/thaw ng
ﬂm?ﬁ¥ é%g§ of the larger bioproduct container, wherein
informati on about the at |east one bioproduct at the
| athe stsieeparatuspd glais H) whereig at lpast enephithe aleashong divider is
rembvaBI®) t he at | east one bioproduct at the small scale,
and wherein the first dinmension and the second '

di nensign are different. .di nensi.ons . The a -at us

of T21 ai TSP oR Rt L L R e § beaConBi G B RGH o e
unitdevi ce for at |east one of freezing and thaw ng,

wherein the at | east one driving device is coupl eable

to lﬁ.he Bile appabitilof €Rfn Pf, vﬁ)&@in e }Jleﬁ%ﬁdut:m c@cﬁ@ﬂg ic%rﬁprises a

surfaces. 3. The apparatus of claim2, wherei e at
metpleast one driving device conprises at |east one
conduit for a heat-transfer fluid. 4. The apparatus of
cl &a4.m 3A systear foi perfohiringiht 1taiame oDfifcezia® BridithdwiRHEN I8k Snel
bio vr\é gtiogg_smc]?n%éi Ls 5.5. The apparatus of claim1, further
‘%o&prl |n§ G X6 cl anpi ng arrays coupl ed
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



to the unit for holding a plurality of bioproduct
containers. 6. The apparatus of claimb5, wherein the

at | east two clanping arrays are coupled to the at

| east two opposite surfaces of the unit. -13- 7. The
apparatus of claim1l1, wherein at |east one of the
spacing and the first dinmension proportionally
corresponds about one-to-opg to the second di nension.

8. The apparatus of claim 1, further conprising at

| east one container situatable wthin the unit for

c onf th¢ larganbiemredugt conteinet, wherein bifamatdaigbeut thg at IEhst one bioproduct
ap Qﬁﬁ@i&%@ séafe 1§Jiéah£ﬁ> frof ?ﬁﬁﬁgﬂo:{ Jb?ahﬁéﬂ 'ﬁ%m%’ém 'iéa§t%§e Bioproduct

pl ur al s1 | east one
bi étﬁbmﬂ}étscalel end w*méenaﬁp ﬁrsaﬂlalsnsw apd e mcgnd dimensiparare different
COgRMehsidd3g at | east one divider for creating the
plurality of cells. 11. The apparatus of claim 10,
whee ei
e ?r%v aBTl@tsyétegﬁéftchagrﬂ gg ggl}ege?ﬁ:g@% géaﬁ %g% ?nrwj’tf‘g c?\n\‘.é E&ﬂprfsgs at least
one gendit fos g hept-srapséeifluidonduct i ve cl adding for the unit.
13. The apparatus of claim 12, wherein the
heag.- CoTHéWgstdny 6f Idimd 8] Vi@ reaPHPtilaf DncondBt @mpridés-a winding
? stem f or perforn1ng at | east one of freezing and
n wi ng of at | east one bioproduct on a small scal e,
conprising: a unit for at |east one of freezing and
t hdWi ngThetsystesmefclamd 4. fidhsr cueising af leastswa clampiigatrays colpded
to thta 16 QORI §'pn9a1§t ofiBRkur¥iRAES! L e surfaces; at

'east one drivin evi ce or at least one of free2|ng
and _th ng configured to e coupled to at |east one
of lﬁ-hea’ﬁ'te sPeet pt 4418 ldpphsesin @e s o clampigardys piecowpled to

the SESIAAD bFYoBiES suffides 6f1H¢ @iithi ng at | east one bi opr oduct
specinen within the wunit; wherein at | east one of (a)

gat S es r
L Ta DBk YRR SRR S e '
dimgnsipppropeiaed!ly comesponds gontime toone tethe mdnmklmmnon of a
bi oproduct container for a |arger-scale unit taken

bebgeentie/spReh BOKLiRAY WRrehi#ht AG&St one container is integral with the

unit.

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.



-14- of the | arger bioproduct container, wherein

i nformati on about the at | east one bioproduct at the

| arge scale is deducible frominfornmati on obtai ned

fromthe at | east one bioproduct at the small scale,

and wherein the first dinmension and the second

di mnension are different dinensions. 15. The system of

claim 14, wherein the at |lggst one driving device

conprises at |l east one conduit for a heat-transfer

fluid. 16. The system of claim 15, wherein the at

| edst oM sktsTRof daimdAyfustics compriging g hotrcondugiive Fladding/for the
witlhe system of claim 14, further conprising at |east

two clanping arrays coupled to the unit for holding a

pl ygali of bi ppr.oduct, contaj ners.. 18. The system of
B R e R e A e
coupled to the at |east two opposite surfaces of the
uni2f-. 14 methed ofpesforning #t leastonepiiirpezipgand ghawing ofjablgast onsne

bioftbduetth aSRAR s&, BdtprisiAg: first dimension proportionally
corresponds about one-to-one to the second di nension.

20. The system of _claim 14, erein the at |east, one
cont ai RRPHRISE FHEbET HieaR) R of HEnEAT having ot en oS WoRiiuct
of tigelunit Gdmftisinghablesst fvd dpposit surfaasi one cont ai ner
conprises a plurality of cells for holding the at

| east  ogRpkHgQPlead Yfid of tikat leddd vooppdsREyRfacd!téthtRadtlone driving
further_ conprisin st one djvider for creating
t

at, le
h&eVigR foF A iegtPne e %féppg?nﬁzlswﬂﬂq@dsyst em of claim 22,
wherein at | east one of the at |east one divider is
r enpv abpegforming atpgast ans of fieezise and thavwing o thedgagt gne pigprogyct,

| € JhereitRe ﬁ@ﬁb@icﬂﬁ"sitda&d&ﬁtﬂﬁrﬂ%&itf rom and S! tuatabl e
within the unit. -15- 25. The system of claim 14,

further fOORG 184sN6heds (1§ ik aBERAWS obpdRitd Al E&i &PE ke

unit. 26. The system of claim25, wherein the

he dfroensing ata biorroduckreniaingr fethpwis propagtienetiyporresponds 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.



27. A nethod of performng at |east one of freezing
and thawi ng of at |east one bioproduct on a snall
scal e, conprising: providing a unit for at |east one
of freezing and thawi ng at | east one bioproduct, the
unit conprising at | east two opposite surfaces;
coupling at | east one of the at | east two opposite
surfaces to at | east one dr1 ving device for at |east
one of freezing and thawi ng; and perform ng at | east
one of freezing and thawing on the at |east one
bi @jpr odlietmethodiv cleim27, heréin b ipertbmpingicemprisesieintralling 4 taterof
i ) t two
e A e b el HosBlo 1000k SRR o] i Bkl e Bloolsi]
bi opr oduct contai ner_for the unit, proportionally
cor35es phiifdeetihad of claigr gy 81“h%f|CH‘BPFé?"@r?%ﬁ‘m&a"dP"éb‘?"G&EPéPg'
con@@fived1aRingft®the anit.ar ger - scal e unit taken between
free2| ng/ thawi ng surfaces of the larger bioproduct
a|n r wher ei or,mat | t he at | east one
b1 opr odfhs PR e L SviEEen BF pEC fltnsion e iain,
whd:mﬁdielm:bnd)dmhsicmdomdnsfesoﬂnckhdse at | east one bi oproduct
at the small scale, and wherein the first di mension

andyt h eTheSa%Eﬁ&gs &*cf&‘?rﬂ 34 %e@fn@h@ﬂniﬁ‘r&fu@t%nt%x%%@&ﬁt

28. The net claim 27, further conprising
corgprises Afirst §ag, prd ‘aherql@ﬁlé P1°BW6“°E)FQ§‘&P’{§H@6E1’° lweﬁ%aﬂfﬁ ynj{ comprises a

Secmlgaglagg%,mg}h@,eﬂpst d of claim 28, wherein the
|opro 'S S|tuated within a container, and

r.ein.the Slt Jtuating the .
Coridal nEbe T ERehapH L, ARon 8 S Rl Bieiis ity end,
whewkie theisecohd) diméndidn coaipises 8 édckaespl ural ity of cells for
accepting the at |east one bioproduct, the nethod

furggher TE@J}BE:':\%Y 835t WRkriR &e‘bfbﬁroﬁ&a E&siher &2%he unit comprises a

bi oproduct wthin at” [east one of the plurality of
first g} and whersin the bioprpductroptaiser for the laggemscgly unifproppsises aspeond bag

larfethbPhBRPbAZONPr i ses controlling a rate of heat
exchange between the at | east one driving device and

ast. o L0 uct . The net hod. of cl
7377 e cROROBST P Bl st e AR ot AR
wheremdtecstconedmieaddm@phseshlﬂﬁclmmt 33. The apparat us of
claim1l, wherein the first dinension conprises a

W O, §R0methbtedtRlalin 57 v RmARebi S RB o RBin& I8 hE SfScothprises

t hi'ckness.
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



34. The apparatus of claim 33, wherein the bioproduct

container for the unit conprises a first bag, and

wherei n the bi oproduct container for the | arger-scale

unit conprises a second bag |arger than the first

bag. 35. The system of claim 14, wherein the first

di mensi on conprises a wdth, and wherein the second

di mensi on conprises a thickpess. 36. The system of

cl ai m 35, wherein the bioproduct container for the

unit conprises a first bag, and wherein the

bi opr ochesingdhmat iastéwo eRpesitetsurfaces te propestienially gerrespond to a slice

COogpd lh&%l@pr&ﬁ&%ﬁwﬂé%r 418G E6Eald Biaed SetlvedrSteeRi@g surfides of

The nethod "'of claim 27, wherein the first dinmension

coﬁﬁﬂ%"&%?mafmcd?%tal%d wherei n the second di mensi on

conprises a thickness. 38. The nethod of claim 37,

whéb.ei nTheimethod opelaion A furthar cemprising tonpling &t 1¢ant ane driving device
for 4t IR hégﬁ'reeﬁné Hdst]‘iawbl?ggo tifd Qﬂe%{e@k %f fhe Eh?asm%ﬂ&ﬂg gurfaces

cont a| ner for the Iarger scal unit conprises a second

er than the fj tba 39. A nethod of naki
apglatr at “PCHPHQ? clpigidy k“&ﬁ“é °?ff‘ bingso4riige %fh’if%‘?i’&ﬁh‘?@“‘&tﬂgays
to the@mft for holding Aiphpdlinglefbiopfdud coritddeks. Scal e, t he net hod
conprising: providing a unit for at |east one of
frgezi a ' .
Sng?.l gglaeﬁ%%otd%?xrmﬂgttl Svhéraﬁ‘ﬁx‘e %ﬁﬁ&ﬁ@gg‘g%ﬁ%ﬁg bhﬁ%ts legst two
clarsming‘mwsstomratlxeatemwmgsﬂasur&mproduct contai ner for the
unit when the bioproduct container is present; and
- 143. SPhel ihddRe cldim 1 ﬁﬁ&er%&&\ﬁpﬁ%ﬂ@%ﬁﬁhﬁ 2 Héaft-a&ﬁﬁcd\@ cladding
tgelroportl onal |y correspond to“a slice o% | ar ger
Whr oduct container for a larger-scale unlt t aken
bet ween freezing surfaces of the |arger bioproduct
cortai ndmethdd of Milengadyste farfat ledsbonmoB Geezingrahd thawing at least one
. one driving device for
bmé?&ﬂ%%idtsﬂg}%g&ge?h{e?}gg@?ﬁ% %%%’gt hawi ng to the at Ieast
one of the at |east two opposite surfaces. he
met hod HPVidingp Hpigter atfleﬁsme pf freg7ipg andithagviret eﬂaﬁtwge hlpproduct on

I ea%tnan YealeCthe (it dbghprikih @it Jeabt@wd Hyposidishrfdced foh Riceliting ad
i’gal ity of b| roduct .cont ﬁﬁners 42. The nethod of

qRrosy t%@?‘g t‘i‘%lé“‘é’ﬁ‘&’b?‘f’ ProgHEhFontaler B BERSFItng t he
at | east two clanping arrays to the at |east two
opposi t Bo¥ding aideast onggontaings fgpeenizining gt Ieastpngbivgrodpgy spegiamen

CORhinsthéhi€ dp! i ng a heat - conductive cl addi ng

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.



to the unit. 44. A nethod of making a systemfor at

| east one of freezing and thawi ng at | east one

bi oproduct on a small scale, the nethod conprising:

providing a unit for at |east one of freezing and

thawi ng at | east one bioproduct on a small scale, the

unit conprising at |east two opposite surfaces for

accepting a bioproduct coptainer for the unit when

t he bi oproduct container is present; providing at

| east one container for containing at | east one

bi 45’p ro d‘he:memp)dao:ﬂ ciabm 46,WwHeteinthd dvepling icbmpmasjco&'pmig”tge @ least two
clam m f}J (POnT.tht léalgtetwo 0 éo%‘?es Crég cont al ner to

B 5po £1ona 'y “cor o a slice of a l|larger
bi opr oduct contalner for a larger-scale unit taken
be‘tf&ee The PeBoq pfglaim G fagghss caspprisingcquplingey hepl opdustiviegladding
to the @it ai ner. 45. The nethod of claim44, further

conpri si ng coupling at | east one driving device for

ea on r.e and thaw,ng.to the at. |east.
of b7 @8p? pLeldid 8, B e PR b hted o Soffiner Figrises
providixighap dasy bnecdoataimerlidteghlwitthtae udtonpr i si ng coupl i ng at
| east two clanping arrays to the unit for holding a

pl 5’0;] al "Ith¥ mgfho@ bpol?eﬁﬁqg C&he?eﬂpﬁr@*]mﬁé the at lé@f on% bontdiR& integral with

al m 46, wherein the tou onpri ses
the yn Gpmprisgs Rrpdiag af leva'sqne ComAiRer i R Ay, FYrOéyglIStf@r hojging:the at least
one bi8geduct. Wo opposite surfaces. 48. The nmethod of claim

44, further conpri sing coupllng a heat - conductlve

o e pisthoft oyt oh: syt gorais g rogidingia (o oo s

creaﬁxigxhe piunagtyafcdllsast one container integral with the
unit. 50. The nethod of claim49, wherein providing
t h?z at ”llhg Anthod G?lerstl aév din {n@%@igé alle a%éshonetdl;\f?déﬂ %x{npnses
conpri ses provi east one container wth a
Provmlwaélqa!‘y%ﬁm@@bﬂﬁég iYigat. hol ding the at |east one
bi oproduct. 51. The nethod of claim 50, further
conprising providing at |east one divider for
creating the plurality of cells. 52. The nethod of
claim51, wherein providing the at |east one divider
conprises providing at | east one renovabl e divider.



