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partially. Apart from this, the By, criterion only attempts to determine the solvent conditions

for which crystallization rather than amorphous aggregation would take place. However, for
biomacromolecule crystallization to be possible in the first place, an additional condition must
be satisfied, namely that the biomacromolecule concentration must exceed its equilibrium
value in the context of the applied solvent conditions. The Bs; criterion does not address this
problem, and gives no information whatsoever on the critical equilibrium condition of the

biomacromolecule.



in a solution, the rate at which they are transported,
and the way they are incorporated in the
whe@sesrenol ecul e crystals at the crystal surfBCESGHI0£000051

crystallization wi ndow prowixled by the second viria
coefficient disregards kinetic and other factors, that
are unrelated to internol ecular interactions but
Nemes EfySkaRBatidR of BloyndcRirhdlentt® mi¥Rbah! dueRhtion and growth process,
Al ternative nmethods have been devel oped to circunvent

determmeddtpaa/\begﬂ«@(tmt &3 dinagigs. H?lnﬁh@ tgfazs of thehwayskiomadromolecules move

rlal coefficient .in a ti re
in & S8 PR i 1o Y e oot o 16 S P ingrporated i the
biomhdibRB AN cr§§£1§ anine g%ﬁ‘fél Rafsee. q‘h@ ﬁhi’aﬁ%ﬁ%ﬁﬂ&@lprowded by the
involving a | arge nunber of solution matrices.

secongie tvimals caefﬁcmsmlyregaxdﬂbbnstmmndarmdaan fmtamnsﬂn,am aag unrelated to

intesplglb ey Siont PRy PP S TR H I PAeE PadRg Bt ocese
a'lglté‘rﬁﬁnh:emé\ﬁﬁg@s%a%g bEh @REIbed D Hf&lfrﬁkﬁpﬂle Hﬁ{\mﬁésented by

t hese net hods have in many cases no general
the usepflthe sdgohd viriah pebfBeiritan afteroptig toqaedictoregsalizaion. TMisatmethods,

S ded.is de novo net offering a twafold
the S%W&ﬁﬁ‘é@éﬂ‘é u&ﬂﬁ@%\nga?e 12?41 areispleby %}?p@e%maolﬁ@s Rderee
. | .
numtSECH U} BAToRE TheR afetiol B¢ pATly ERIRRLRHE 8 b consuming;
they requinalargninkestmbsets mexpendivatobots. UAe graitein chatallizades & mirmally a

crystallization | n the prevailing experlnental
1engﬂ%>’dPF8P?913@H C%Iahe e@iltyrq%e%%@ diffefent paramgissy, shosp gethods have in

b Sbili houl d
many 3o bR M LA £ R LS G ons
r aﬁhﬁtr is mgeded ik Iaeiesnmlvu eﬂiﬁthm(@ﬁ“émﬁ@m hﬁd)fopﬁéicaﬁﬂtagé @bove the prior art
such, a net hod, shoul d have a _nore gener al

Flrsﬂgps{yph @dbpﬂhpé yhed detlermingthe equilibgium Ppigmpgromolgsule concentration, so
that t%ﬁ‘%lﬁ%suéf tﬁg b{otﬂr?acfdn‘m@cqﬁf E&lcgﬁtﬂtﬁmot{sF& hl?th% %gesg of %r&stalhzatlon in

ex e

the preaififig Bﬁpﬁrﬁnéﬁﬁa‘l cbﬁdiuaman%trbﬁﬂctedlf&valhe§:§t$bb&k @héo&luﬂlbrlum value.
"anmenabl e to being utilized by both the institutional

Secongihyy suglyagnethed skaidd pradigh meare geliahly the aystelieatinaneonditipps referring

of f ial aut on.advan n
to the r& ﬁéx{t ggrgrgxé tglnﬁa{rgmete%h ?;Ptl by Sucla gée‘il%()gle %{Oﬁlﬁ{l ﬁaevepq. P%)Ire general
applicability Sudhbe sﬁhq;la OxRy Bt 4L, AR SwaksdfuP ¥h Sthe | BlotB&oRblelile or the
art. References R A Curtis, J.M Prausnitz et a

proteipr dt éhwlérmteliequ@m @Ompwieﬁqmmalent, ixt eshaoni besyyi investments for its

. agueou rot cont ni,ng.cqnecent r at ed
applicl et B SReiflioR befuien 9 sodE T Gyinal and industeil
establ@hnféﬂtse\%hll@ at LRI tiRb oﬁérm %’és@ﬁiﬁlaﬁéutbﬁﬁﬁw QWhﬁfE%€§ and being

for salt-induced protein preC|p|tat|on Al Ch
muchJ¢50c03t$ Shan he 5hethodds reeitedgim tngriae wrt. Bnbls arde novo method does not

redicting protein crystallization froma dilute
exmt@&ﬁ%ﬂ‘% roperty, ActaCiystallogr. D. 50: 361-365

(1994). B. L. Neal and D. Asthagiri et al., Wiy is the

osnotic second virial coefficient related to protein
References

R. A. Curtis, J. M. Prausnitz et al., Protein-protein and protein-salt interactions in aqueous protein
solutions containing concentrated electrolytes, Biotechnol. Bioeng, 57: 11-21(1998).

Y. C. Chiew, D. Kuehner et al., Molecular thermodynamics for salt-induced protein precipitation,
AIChE J. 41: 2150-2159 (1995).

A. George and W. W. Wilson, Predicting protein crystallization from a dilute solution property, Acta



crystallization? J . Crystal Gowth, 196: 377-387
(1999). F. Bonnete and S. Finet et al., Second virial
w@o@sosm@eent variations with |Iyso2yne crystal | PCEEGZNN5/000051
conditions, J . Crystal Govwsh, 196: 403-414 (1999).
E. Tornberg, The application of the drop vol une
techni que to neasurenent of the adsorption of protein
Crysatlogrib €30t 361e%55 (§994).Col | 0i d I nterface Sci. 64(3)
1-4 (17 D. E. Giahamand M. C. Phillip
B. L.pyegt @%ﬁD arsthee L?Ital Wiises 14 Cawot: Se‘i?i“ﬁ?é’t’ial:%oegf%?a%,@iaﬁﬂdﬂ@nroteln
c stél[iﬂatnswf @Eﬁtdﬂ@?&hﬂﬁ%l Pn.389 (19961 | oi d I nterface Sci.
0(3):.403-417 (1979 M Subirade et al., Effect of
E. Bqapgi%ftﬂ Sitingt aﬁa Sesprdovinial cocfisient aﬁmg@%mé‘hlwmms orystaldigation
cond@i@ﬁ‘ﬁY'@'SlstﬂfGrQ% | 946G 4 ($999).Col | oi d I nterface Sci.
152 2% 442- 454 g1992 ummary A de novo net hod for
E. Toswbses, The npliestips ohthe dropviolyme deshiiines tgma*mment of the adsorption of
protefl R TRGHIDS. LRSI cPraP QY 6AE5L 3004 more reliable
prediction-criterion than been ible thus far.
D. E.\Gihageand V. (& @b ilies, Rrioteiingdt llqméirmrﬁm@rit klnetEQ of isakptian and surface
denatBfafi6h, 3T CHIONE Tkl 2 8L W”%d‘“tﬂﬁ based sol el y on
I'nterno ecu I'nt eracti‘ons ‘esent invention
M. Suhiratl ¢iek, Effﬁ‘cmfhwsomtecbandbmﬁbnﬁahenal nliadpeswin@lid dudice behavior of pea

L ER AN SR Lo Breser b

enpirical nmethods available in the prior art and the
redi ction methods provided by calculating the second
Sumipary o1 coeffi ci ent is due to the incorporation of the

ki R&fel fo rfngtglhﬁ d Cﬁfl? %lgétaﬂ%ﬁ&ﬁncgﬁm fipns fortl%(émacromolecules is

blonacro ysta t1ron
provified,|giving g nawte m‘liah@qﬂedl(:ﬂ.()n ¢riterdt thbrh hadesenossible thus far. Unlike the
equi Libri macr.onol ecul e concentrati on that shoul d be

secoqu YEE etPebCitHe Bar 955 o rﬂ%‘?l%frrﬁWéE?HFY@ﬁ@% necaxditiomsi based solely on
1ntenH§l%glﬂ£nO Minfel#5ibAL 'tl?eatﬂr%gslt (ﬁ')en?'ahy SR nes %guntaibghon both the

rotein are reqw red rreasurerren

1nter1ﬂ0lllemhde:r ittracti@ist el kidetioudfciss® plesérite E&Qtaﬁﬁﬁﬁ&@%t}n&hons The
through use of the_enpirical screening nethods;
imprqyeges} RpPYE |ﬂiley cBiTigRh methedsr avpilebles in MIODfart Iaed the prediction

meth %hgd B gﬁ%‘ﬁ“ﬁ séeond %naéf%g?ftf ?mgjt % ﬁ%ﬁ: qggrpohatlon of the

macr orm ecu ron facrli

kmetlan effects ndaty largblgr dbtermtine OpionRbBiogtdleddlie tdIStAGLARMAL and offers the
invention is to identify the phase boundary bet ween a

followgsw@maa%ss d1hnb e@talplmﬁles anpeedlébrign dewpmphmlg ¢omeentration that

C b| [t der Al
ol 8 BELERSHL Sy R RPN RR o eptaticaion: 2
only dnilEfthd@fls bSprotein Biertdfived! (39 tiROMBEAFIM RS MR huch qulcker than either
crystallization and an aggregati on under prevai
througly péer phihet B appragich oo erougihesepbihe emplac@loscmm lweﬂhbds (4) the
of the |n ntion there | rngSClo

simpiRs T PR Pttt TecisPaoty Batfupeiorpizg i toce tnsion) of the
biom#&LE1HbIeb Wl sblafioR FRIBEES TRIHAME Rl MTrdinhiy2abdrHry.

One object of the present invention is to identify the phase boundary between a crystal
phase and a liquid phase by determining the biomacromolecule solubility, under prevailing
experimental conditions. Another object of the invention is to identify the boundary between a
crystallization and an aggregation under prevailing experimental conditions.

Therefore in accordance with a first aspect of the invention there is disclosed:



and for crystallizing a biomacronol ecul e, conprising
setting up at | east one biomacronol ecule solubility
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solution of the biomacronol egule in a solvent, the
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f kNS iments of the present invention
@rsgfepﬁ%%?éﬁqﬁ%gedquggh%e followng drawings: FIG 1 is an
d) Istlestigain Rentily paeéietdr] ve conditi ons;

" d) measuring the assembly parameter at different times,

e) registering an equilibrium assembly parameter

f) deriving a crystallization coefficient from the equilibrium assembly parameter, the
crystallization coefficient being associated with the variable quantity,

g) using an aggregation indicator to define an aggregation boundary condition for the
biomacromolecule, the aggregation boundary condition prescribing that an aggregation
occurs when the crystallization coefficient associated with the variable quantity is larger than
the aggregation indicator,

and crystallizing the biomacromolecule.

Brief Description of the Drawings

Embodiments of the present invention are illustrated by the following drawings:



FIG IAis an illustration of a crystal equilibrium
condition, leading to an equilibrium bi onacronol ecul e

w@omsmsideation; FIG IBis an illustration of BET/SG2005/000051
aggregation boundary conditign, leading to a
crystallization coefficient; FIG 2 is an illustration

of a crystallization process froma solution of
FIGh] prananesnlies of pedictity &nditithsa transition froma
li quid phase to an orderly solid phase, that is a
FIGcdpsisahn iHpsgatignief arerydtaluequildiriumn cohditionabedpipgous an equilibrium
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1o g‘?ﬂ“ e‘blﬂ%go &) 1‘)B‘isorderly solid phase; FIG 4 is an
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FIG.d¥ istanelladstomblampanampbbes agpgepiatist ptocess,invdleingtthetransition from the

. .§olution of biomagcropol ecul es includes a protein
hqula)pi%sfﬂ’r@désr‘?&?eély§8ﬁilp HGi um chloride; FIG 8 shows
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aggredatibh éhat take pthee invtheisvlatioh; t he assenbly paraneter; FIG

18 Is an illustration of a tine-dependence profile of
FIG.25 rig o BIsERHATe Ob ehEPPORse ¢ff an apsenallpviargineles tofa tendency of the

- (i ' i enetration time and a rearrangenent
onfl RS ey

a histogramillustrati ng how

FIG.c6 \istaal illuztpdtionnoft def ivagi £ 8blabiliey auevet Rldbre tAdl egatdl Quilibrium
boundary condition by prescribing an aggregation
condjty¥ cat or; FIG 13 shows a plot of the assenbly

par er ' t] he sol utjon of .
1 P9 RO She LA RhobOy SR Sl henaits sotion of
biomaedomotetnies iinvldes b fpadtein [F02ymé 4né B oMBsalih @hlopldet he

assenbly paranmeter against tine, when the solution of

FIG. §ishawe plotonfdbepssemblydiatameaierpepinst the aquaonuwt afthedinte; and

ium.sul fate:. and .FI.G shows, pl ot s of
FIG. 9Rfo 8 plor ROl MR A { e iR ribinfRe oo RED ot dnitr
FIG. Q0 iDADRSHERi3R 08 & WinS ddpRaldnde profilo bPA RiaBroRRNik: BEHLIS:
al bumin (BSA) and the salt ammoni um sul fate. Detail ed

FIG. bk skewspplotsofdliffesiontimes apansirationoima afd a starenponkénteinie;
FIG. 0{2 tsrl]l(e)wlsng eﬁlltstlogrnan? fill%st%ltngogm%f cpyrstea }Z%'Eié)l’l? gcoefficients relate to the

aggregation boundary condition by prescribing an aggregation indicator;

FIG. 13 shows a plot of the assembly parameter against time, when the solution of
biomacromolecules includes the protein lysozyme and a salt ammonium sulfate;

FIG. 14 shows a plot of the assembly parameter against time, when the solution of
biomacromolecules includes a protein concalavine A and the salt ammonium sulfate; and

FIG. 15 shows plots of the assembly parameter against time, when the solution of
biomacromolecules includes a protein bovine serum albumin (BSA) and the salt ammonium

sulfate.

Detailed Description



bi omacr onol ecul e crystallization conditions and for
crystallizing bi omacronol ecul es are provided
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The primary features of a seéend enbodi ment of the
invention are provided hereinafter with reference to
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are not crystals I nve
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assenbly either in the bulk or at the surface of the
solution. In this disclosure, the surface of the
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It is possible to define one or more assembly parameters that reach a critical response
as increasingly more molecules participate in assembly formation. For example, the tendency
of biomacromolecules to assembly in a solution can be monitored by taking density,

conductivity, detergency, osmotic pressure, surface tension or surface pressure measurements

of the solution.



bi omacr onol ecul es to assenbly. The crystallization

conditions and the assenbly characteristics of
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biomacromolecules 134 have irregular positions and irregular orientations. The amorphous
aggregation occurs because the diffusion time #45g required for the biomacromolecules 130 in
the solution 120 to reach the solid phase 128 is shorter than the time required for their
rearrangement and integration.

In FIGs. 2 and 3 the solution 120 has an appropriate temperature and an appropriate

pH. In the invention there is no restriction on the appropriate temperature, which is usually
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(FIG 6),the crystallization is expected in a redion

1Refegeing iodlGsdS by 6( iarthe fiyst smbadioweet afidie vention,mhegstirements of an
assembly parameter 164 (for example a surface tension or a surface pressure) with respect to a
variable quantity 158 (for example the biomacromolecule concentration 156, the additive

concentration 157, the pH or the temperature), are utilized to express the crystal equilibrium

condition. According to that condition, as will be explained further on, in FIG. 1A (FIG. 6),



of ) a biomacronol ecul e solubility curve 170. In the
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blomdcmmmiaaque canvdhtratiom, isaskeaxifioail f®éh FIGs 4 and 5 is taken in the range 0.01
mg/ml to about 1.2 mg/ml. Measurements of the diffusion time #4, the penetration time fpen
and the rearrangement time fr are used to calculate the crystallization coefficient 232 kyryst =

tin/taiee which in turn is used to express the aggregation boundary condition, as explained

further below with reference to FIGs. 7—15.



further below wth reference to FIGs. 7- 15.First
Enbodi nent: Crystal EquilibriumCondition In the first
weedpsasent of the invention, in FIGs. 4- 6, tPEI/SG2005/000051

crystal equilibriumconditi-a®4s determ ned by

constructing the biomacronol ecul e solubility curve

170. FIG 5 illustrates a response of the assenbly
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i C I trati .15 cordj ng,t. .
158 AR MP PR ORE R0 HoR i 1o iG8E e dpdve concentration
157 ivekealkd e tvaRdli, k). NaBli s gradual |y increased. This is

illustrated by the diffusion step 142, foll owed by the

pfEt Pathonis asplep of the assemblygeasameter 14 (the isfagentension) against the
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assenbl ed at the _surface 152, allow ng no space
gradugHy ingseasedi Brady dlusirated be she diffusionpsterel 42 tfellaval by the penetration
f 2a.Therefore a further i.ncrease of the
step J4b i rEYRaT Baribiend of 6 cRatnrarmient v 146 Upon
complitiQARF R R Ghid B ch® Bt@ng 4624 t&MpleeABPR oG8 PME] behtdaﬁfmolecules
decrease_ in the assenbly paraneter 164, being in this
has bestpasspmbled athbe sufdcgckd2t elewing, ndspaceifbi anynsioeatiomacromolecules

result in accunul.ati of. bio ronol ecul es, 130.i.n the .
130 1) fRperie ESEH 158, Thoferor i ther PGt o1 das yariable quantity 158,

being/th B ek SFRh&HE YhEbidRlabRin d1E1ESRREMBRIY; caldBcdule & Igjﬁg‘thei‘ decrease
as nore and nore bi onmacronol ecul es 130 tend towards

in thesassembllyypafametert | @ beingdn rthis papedmerdt the sudssanidign, but will instead
on, 162 bet ween a

ter.16 h it
result A W BT R ol oR | 40, Fuha Rk he samesnata0-
I §3Q05SBustBfes bibhcARRAERNY sd]ﬁﬁiﬁgp{e)?erﬂr@ﬁxt. R in FIG. 5 as more
62 t on th a ticar

transition 1 i s associ ated no W Cri

and mesponsecwmddraiecasbihidngd wavaade besembbA formation] 8@ Wspéhse of the
assem%ly parameter 164 shows a transition 162 between a changing response 161 and a
substantially constant response 163 of the assembly parameter 164. The transition 162 is
associated not only with a critical response of the assembly parameter 164, but also with a
critical magnitude 165 of the variable quantity 158. In this case the critical response of the

assembly parameter 164 is equal to the surface tension of 53 mN/m. The critical magnitude



critical magnitude 165 of the variable quantity 158.

hi this case the critical response of the assenbly
wQasoaei4er 164 is equal to the surface tensi onP@F/S63)05/000051

niNm The critical nagnitudel65 of the variable

quantity 158 is equal to the Iysozynme concentration of

4 ng/m; this corresponds to the logarithm 159 of the
165 barthebhalge anbidty 1588isesual tof thellydozyMaelodcBRrARA 46 ¥ Sno/ml; this
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whi | e t he. bi omacronpol ecul e _concentration 156 is held

expegRRiEhrRndiions 1hdme/mlyA suyiv rideaiichaviabis adrevad Whehehe additive
concfHBEBIN371i0 BAOWOE REYAug | wAAEHlchiBthe T QMR LEEBoR 156 is held

genera ase covere

constanivg M i@/l Iysodyhel{didweng i@’Bowhpn 162 refers to the
changi ng response and the substantially stable or the

s ublst efatemantignechbehawior should spbhe eonstrwad itelde ityrjoal ifta general case
[ . t. ipl . )
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respoinbd aifl tha betsstdhelly ableiod FRGUBERAELN BCBRIgHY febiohsE YoM dering that
170 can be constructed in order to express the crystal

the chaggingirpinonss kesddiot ineiply a pheels deamsisingtoy aquraly irkFésing response.

f 0 f.the fol l.own uantities: th )
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of thehefolowimg equonititisG, the thhemisiromalerdapiceneengration 156, the additive
congen tjon 156 d.the additive,concentration. 15 .

conof G a7 PE g B JERICEHIE: it RAPYEE) TR P el (g variable

quantitfes KBthe EkatBple A FIE! 6 B EQI)mﬁér@Hl%letchE%néﬁ%aHﬁn 156 and the additive
obt ai ned, each transition associated wth the critica
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o B i TS S B Bl homSose of i
senbAEP SR | LI NEGLTR SR R B e 12 ver
measwbd tihe empldyallie ogdearto icoh@sict tHeesobibiligyosuov®dll B W example, a point
171 oC O@g%@b@%&%%?g@ ?Qq‘icar{gs/ tr]?e tloﬁgv?fiznéngaimlf lt}?e tvgr?able quantities: the
biomacromolecule concentration 156 is 4 mg/ml lysozyme while the additive concentration
157 is around 1 M NaCl.

The corresponding crystal equilibrium condition follows by specifying that the

crystallization can occur in a crystallization region 172 in which either one of the pair of the



157 is around I M NaC . The correspondi ng crystal
equilibriumcondition follows by specifying that the

W@ eaossi4kt zat i on can occur in a crystallizati oPCT/BGR0H000051
172 in which either one of ifpe pair of thevariable
gquantities assunmes val ues at or above the
corresponding critical magnitude 165 on the solubility
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rmgr?i tude 165 of the bi oﬁcgrsg%tollggd gl%%oor-ﬁr%gr?@?aélpgﬁd against the
biomddsémolecule rdongerdtativh e 56r iThe caiticgloinagnitde 1635 sfdieshiemastomolecule

It corr;ggond,s to Lhe,surfa,ce . .
concentration 1 ccurring at the critical point 162 is registered. It corresponds to the surface

tension or surface pressure 164, undergoing the transition 162 from the changing response 161
to the substantially constant response 163 as the biomacromolecule concentration 156
increases. The critical point 162 determined in this way is a solubility value of the

biomacromolecule at the additive concentration 157.



tension or surface pressure 164, undergoing the
transition 162 fromthe changi ng response 161 to the
waadwsosme: al | y constant response 163 as the  PCT/SG2005/000051
bi omacr onol ecul e concentrat.ijgn 156 i ncreases. The
critical point 162 determned in this way is a
sol ubility value of the biomacronol ecule at the
addi.t,i &N’ Mihi : | § .
oorSP s B SEARRAS] SR bRl R e o SFRREANAH LS Soncentations 157
Step< brané Ataratépeatsd 16 find Freepstutilignehldesai diffee@e adddive @ohéddtkation 157
%he solﬁbi ity values at different additive
and diffgreBhPiat i on” 157 and different pH Second Enbodi nent
of the Invention: Aggregation Boundary Condition In
t he second enbodi nent of the invention, the
Secong Esbodirreit obthetlheentionr AgaiepativonBaindar\Cadiibnt | on i s
carried out, as illustrated in FIGs. 4 and 5, by the
f oy thei srgond eprbodimentef ther nvientien, (the dncasyrepteah af ctlie atggregation
W : ' t pek .
bounli5 B EHEh & LRG0 s UG ALOIHICE THECSHS o Riowing seps.
1. Thy buffer sstuli@cid prepareting fhufredettlindd pH. ThBbisddébi®cule stock
stock solution is prepared by dissolving the additive
solutjon if peengac d1§§ﬂlwgdg¢ bipmagigmelgenle i thei yfEer solutianeThe additive

' i | i 156
stock¥CRRANIH pRBYCD %y WS ATRE LR G LRESSIR, | P05
2. Vaioausedlutions 100 creprpaRidckaiigy 8@l bibmabrokdfechlt é;dtg‘entfation 156 and

... used in the second enmbodi nent for obtaining the
differggipdsifing enctsiations 157 dxsdilteadnstatsothe didveackanelegule solution 120 in
ilute. L,n the particul ar ex i ment.s descri.bed here ..
G i, 34F iy W G ot ;58 Bffusbed ik SEBEHpOS otngary condition
should-He M@y dilutd. MARAE pdrbylapbtRbintEnld RcraRaher tht E)?(\)/&eitnhconcentrations

solutions 120, the surface tension is neasure
130 are gge@t01t 8.1t 9mb0 angimi clrameddtelyThfter meixing ek il thes solutions 120, the

oo ARG LA 85 L7 el S50 55 Skl s sped

hendia| sy#Bek ansiBhdnNGich QolutenSlesies QUtdy ' obta
W en?- 15descri bed bel 0\(/:\/. gt epn2 S ?ep%eda{itsggg %Pe.g'li“ é)Pteaﬁr%ed data are

analypad acoordittgtothe stepubhlinesipl FIGat 7-6i5, deacribeditictuvut
imtati to.the ope of the invention, the
Step %fﬂ@?#@ﬁ@rﬁg@r%ﬂ’ﬁed out at the room tenperature of
23n the patibdIes ap]ﬂicﬁtgkzn, 2nll I’lﬁt}ﬂ%@ 'I'fgrﬁfa]ﬂgfi’ & el &o@ﬁ gf Ft)l}_e[ invention, the

concentration i's taken 1 ng ysozynme,
expergoenit why dagied. Sutiad théerobnf fienpergturegefit23i €.50 FGs. 4 and 5 the
. sodiu C te. In FIGs. 7-10 the additive is the salt,
biomaGgpoleEfia 180 EoUePRABTE UkEA s TP/ Iy ioaKEe, the PHauaRaLY is 4.5 and
PR raki ' r+ e : 4
e b eSS BTl 11082 MR, ctalact, an
the vapmblnphstity 168, iaked ®kigntht additive bencutrhiiael 37¢ Sva@ied Fronh 0 to 2.4 M

) FI G? 9 d 10 the assenbly paranmeter 164 is the

in stepg,p Qé‘e@ﬂ@s@ﬁs’ewné & thesgssemplyr parasaptsr {6 istakpade be the surface
. j f '

ensichE0h 001 U150 BOLnb HIERPRP TSR g e prose = 5

wherd 5o 8 thetsurfacd endibie oS theselveht infthe bbyeasy dfBlombéroftlofdeuled: For clarity,
10 only.three values of the

and without limitation to the scope of the invention, in FIGs. 7—10 only three values of the
additive concentration 157 are used to illustrate the second embodiment of the invention: 0.0
M NaCl 182, 0.4 M NaCl 184 and 1.6 M NaCl 186.

FIG. 7 shows plots 191, 192, 193 of the assembly parameter 164 taken to be the surface

tension s, against time 180, for, respectively, the three additive concentrations 182, 184 and



additive concentration 157 are used to illustrate the

second enbodi nent of the invention: 0.0 MNad 182, 0.4
woRESloswd! and 1.6 MNaCl 186. FIG 7 shows pl orGT/361005/000051

192, 193 of the assenbly parigneter 164 taken to be the

surface tension s, against tinme 180, for,

respectively, the three additive concentrations 182,

ALt [ it . h t L um .

186, Htn@ MRS g O Rl LMBELO (R0 316 e i3 Uihresponding
asserablye petamebers altet, etakerl G4, b¢ akensurficketehdions; Ufeh@d® unchanged when

Lensions, repain unc ed when equilibriumtinmes t q
equililepum i’é’%esa(nd%@iﬁ%‘v 198t agached achorguilitsiuny tipe faecorresponds to
an e Lﬁl%ﬁtﬁﬁrsﬁ&&%qglfsi&los an equilibriumsurface tension seq.

ows p

G 8s ots 497, 198, 199 of the assenbly

paFkie} shoviSgloag B9 <08) he9 ofjter fsseably girarthéter §64agdiR the square
res%ct ively, the three additive concentrations

for, ) ! :
root quh,e typo 184 &e, rspesgtivelys Hisilreg jagdive goncengatiomkB 2 fl 84 nE86. FIG. 9

i ' i hve. ass I
shows 36 AN, ARy BF KR 5E chf RS TRL pembly paramete
(In dprdrysiede takengfi b6 tthe hrfacy fpassurdr £S SaHifst Pthe fulface pressure p, for,

respectively, the three additive concentrations 1§E,

respegBiycly gloe thiees adglgiviel pepsertations t 187 dbidentfSnddGor U iillestrates time-
deneeE el 278 ARG PIRMR o PR i 95, 1 prprsson

expression in : (
the podsehnbpplichtien @ﬂgiVeerﬁ(ﬂ'@épei),t\b‘l?e@Qﬁ 9§ Me haaal 163 thi, p is the
Is the surface pressure and/>eq is an equilibrium
surfagg prege pidbBg iff & eqrHérivgusurfase prasswrar Theceupliteisw swfics pressure is
- [ ven_hy eg= -0. where....eq is the equilibrium
vy O St £ G Ba b DS |11
Canf pow 2120084, DEATJraihECORHouRKBHAS MdaBangdlert NSipression 220 the
_equilibriumsurface pressures peq are equal to the
equilibgivpn s fase aseagures pwpdre geal  to the patice\reesgyreagvahiated, respectively, at

i Li brium.ti 9 5, 196 in FIG 7. W
thee‘i?‘gﬁ%‘é“{t’lr‘i‘g‘{sn%ggﬁ? ‘;ﬂ%g_:ﬂg"flﬂﬁﬂ '8, 9 and 10 exhi bi t's
t hve@iokité ehas @le??ﬁlg@isn'_ ﬂgﬁ% BfobA®1b fé_ﬁhﬁt@ Rred fife éér‘é%?:ﬁg identifying

146 in FIGs. 4 an : irst stralg 't ne se
the stepy 1#3dAdiand ddt6tingFIfisf # sl on astiesp stiight Hnes separeaht 221 identifies the

o i o T 2 oo bR 2 66,
third 5@@@% l_ﬁﬂees%gln@ﬁt maafdl%ﬁtmf’tﬁmeaﬁ‘aﬁ%a%e‘h@ sﬁg”m%! fa Fe? 11'pﬂﬁe diffusion
i f y t

) Fusion ime diff is calculate i nverse o
time tiels Saboplataf by lile invese oftthaklppt of ithe fiss graipht 2i3d sefhent 221, the

enetration . ti gn. is calculated by the inverse of )
Penetf 1 HIBE dpepy 1S tcfgr@“féig@ohﬂ thg inyegior of theeSlene f the egondastenight line
D20 ARORABM sehieP b RN ] he
Segmi nverse of the Qfggpg o?ltnt@htg' {Sﬁﬁa@hag‘%argfgﬂet@(’f"}ﬁg of the slope of the
third steagghe hine 328mers @28 Jxatthatithe inkgegida tiae is dbiEned aPDbidh BE the last two,
_as a sumof the last two, tint ~tpen " " arr- FIG 11
lint = lghdifar-a pl ot 224 of the diffusion time tdjf , a plot
2 0 [ ti:Fe.: | o f e o
2886011 WIRPEARS 24 bEhC G FRBE Ry R 3558 of e penctation ime
Ipen, aiphdtEXPBadfithnreniramgentent imeay);, 4nd a plot 230 of the integration time fip; = foen +

faw, against the additive concentration 157. In this experiment the additive concentration 157 is

taken in a range from 0 to 2.4 M NaCl in steps of 0.4 M NaCl. A histogram in FIG. 12

illustrates how the crystallization coefficients 232 relate to the aggregation boundary

condition. The crystallization coefficients 232 keryst = fin/taiss, are calculated for all pairs of



ta , against the additive concentration 157. In this
experinment the additive concentration 157 is taken in
w@200sf08@2rom 0 to 2.4 M NaCl in steps of 0.4 RCNGL005/#00051

hi stogramin FIG 12 ill ustrlat-es how t he

crystallization coefficients 232 relate to the

aggregati on boundary condition. The crystallization
obtaige@hlues Ritike oSt 1] ahd @ieediefabion R Ahdald shown against

pairs of obtained values for the integration tine tin
the adéiéive Rencgnirating) bYY inithesatioy fange. and are shown agai nst

the additive concentration 157 in the above range.

Crystallizati on Wndow Subsequently crystallization
CmmﬁﬂﬁﬁﬁmeWhQQWBre carried out in order to quantify the

ag egati on boundary condition in terns of the

eduenil tarysialtipasioni @;p@nmemsr\ysmzmnem ot @ dt@er fbhquantify the

di t.
o R, e gn oo b o e o et o2 sin FIG. 12,
The (ekpéremerkdl %Bﬁ’dlﬂigﬂs aﬁed"eilnl:luéé:d tthe z{f&%ﬁieﬂh&%dag‘%gnegf the additive

experinental conditions referring, e.
concengration 46V (BIGsThe abd cb?r)amwﬁbastha Irenmnmgeapphan experingemth]l conditions
ation s allowed taq

f.or the of cr
refertjag. £ £ 70 DB} 984 AFPPSaRFG Tk Epmacrom ol soneengation used for the
purp&s@ ro?@ry@ﬁﬂﬁdaﬂ& %ad ailév@«%@fg \J%BJ 9% g@g l%hU? ?%gggeu% cﬁﬁmﬁed in three

2, Where the crystallizati'on ¢ CI en
domzalgﬁlﬂshstdzdﬂbelawwnﬂ iincdudedrio #0Gr 12, ivderd hé. cridoaltiatiof: codffRient 232 is

crystal]ization coeffiCi CrySt 232 i s bel ow
ShOWBﬁé?‘&%’%?ﬁ‘?vﬁc@cemt‘loﬂz|5£]1:r y)s/t al lizati on nor
Dom@94€ %E'&?st&lﬁ Moh boerdibiEnCRL LT £ ?sngglow aﬁ&%ximately 4.0. Neither

I omacronpl ecul e concentrati 8ﬁ$ used

crystallizsioal hoz aztggm‘gatlail bévarafipl bed edKperian@ntell the biomacromolecule
condi ti ons, . additive concentration 157. Donmai n B:

concepfrations, useq] for shistalbation # B anplic gepmzental capdifions, e.g. additive

cone Bﬁﬁ&%??ﬁtely 4.0 and bel ow approxi mately 8.5.
sta zation occurs for certain biomacronol ecul e

Domdin rﬂ:eﬂter aﬁystall&atlaﬁ cbbfficRAp ki, 232X Reshove pploximately 4.0 and below
condi ti ons ﬁ the additive concentration 157.
appropsgmaiFly - Cala jzptiempequsior sertein digmagremplesnlpstonogrations, at the

y but no
apphée&)&?g ﬁ@?t%g@rﬁ%o%gc%grtsﬁe 3@}{ 03%%?%?&?8“35 geri ment al
Domdif n@ tTihenscystalliaties Bokifictent MNGE M32AL] ABovd Gpproximately 8 5. Only
regardl ess of the biomacronol écul e concentr PIOHS used

aggregagiong pytsiosgrystallizatinn, omsatithe aa@mdeegrat:mmnnnah@bmlamm e.g. additive

conceB N T B P UG BB ST AR Gl ey crtvion
t Mhug rthétaggﬂegé tedn ioHEd YD et A0 AER Mlegh%?@ga@én boundary
< kcryst< 8.5. enpirical resu

the ra
conditen léxE’g?l ir%nh@ bSlOWh approximmatelyt 8.6 and thief Enystabizatiomevindow is

Tt R
that ih §frh@febed diffusiof tﬁh@ltﬁétV@ $8rt0ndtigh 18! ehablePbrydtafizing particles to

approach one another and group together is reflected in a minimum value of kuys = 4 or 4.5.

That means, that below about k.ys = 4 or 4.5 crystallization is usually not observed. The value
of the crystallization coefficient 1ndlcat1ng the onset of amorphous aggregation is the upper

bound, empirically found to lie around Koyt = 8.5 or 9.

Example 1. Experimental Result from Solution of the Protein Lysozyme in Sodium Chloride




That nmeans, that bel ow about cryst= 4 or 4.5
crystallization is usually not observed. The val ue of
wo b@soso43t al | i zati on coefficient indicating thePCDREEN5/000051

of anor phous aggregation i sighe upper bound,
enpirically found to lie around ryst = 8.5 or 9.
Exanple 1. Experinental Result from Solution of the
Pr gt @nibihatazofMhel &ySR0bqilisiing rdof@ifios QRIFTEALI A re)r quG § and the
the crystal equilibriumconditionin FIG IA or

aggregation heurdarraegditionnn Elﬁlnﬂ%mlyFI@o Adiate wned itonillistEate IhBV\mrystalhzatlon

2 ar used t I e ystallization and
and dggrseaiSh FORIETR are PomeediSiid Bs TopRh flewip Tt afiBipubay Sondition, the
r
pomti 1*72 dsh Oqsfﬁ %(?Jl.l?ltﬁgy’l'ﬂét{r/esgldﬁofqu @'}étdé ml} Aé &ﬁréé?déﬁ&s 6ta 4 1oaflbf the additive
(salt)c omnoestpajmw’b thatpequalsofl M]é\Taﬂi)jl aridy ¢he( badmgcromolecule (lysozyme)

coneRBRER 1S5 80sab | FEbm R Gttt BB nscrbin ta
cryst@AzAlon dn b \)JhenTthlg s ¥4 g,lsog% EdREAIURORS %ﬁé &Eal'xfcve this pair

prescribing that crystall ti'on can occur

of vabadst Thuujtheyequzl;hrmnc d)ysoeythe abn@niatioreequaked mpmlevhdn the additive

pai r. of e s_the eq |I|br|un1lysoz me
concagation s tl? I%Ieafagr sThe ﬁﬂﬁﬁ# i73}ih D& Hel GPAGeREation must thercfore
ration 157 is 1 MNaC . The crystallization

exceﬁ‘EP‘g %ﬁrrle concentration nust therefore exceed 4 ng/m.
AsAg mgandd shd hepregion daunhduty bonditien, FIGO MBI dri KIG. 1B|sGowk Bhat when
or 2 shows that when the salt concentration 157

the splg cea%ﬁa%b\w df e abayenarnd 1.5 M Yagds ap | arysiallization may be

s P SRS 504 SRR SR SHE B ot

word@yy | lysezmecsioasteionatsednforl S@Pstltizationy & @hik i casd IS 4 Rery high
this case has a very high probability of resulting in
probabHey aﬁtﬁﬁwﬁag@ Hggmagphqus agereeatiosy Yhe anystalligatiomcoefficient Aoy 232

assocgag r%{: érh: e? bankcgzégt#on%ggtfa?%ﬁ o@b?ﬁqﬁgldv(\)n f F\@i\g\g}ﬁsozyme concentration

156 eg@aICOnt gfrbih LS muaﬂ@ o014 xilnAtely 68. lrﬁe&forglx% the salt
6%2 IS approximately 4. 8. Therg‘l?{op?ée V\,h?n he sal enthes

concengAd@hisr hiV dwaGls itishonidabe p0$sublg ouithe qznest@ibg@mm @ wach place. That
i zatdon t ake | ace.. . That neans
mean, i AU e AR ot B % BB BEAGERme FOSaan to'use for the
purpoS®BE Sk Esaiul efystaflizfi6n. TRAeddNtheRYRMFRALBh IBHCEQES IWikn the lysozyme
crystallization. Indeed t he crystal lization does
conceptraiion yad fortdnystallizasioprin tla;@ aesens akovie @0 nugdmd. f or
crystallization in this case is above 20 ng/m .
Exanpl e 2. Experinental Result from Sol ution of
Exampled). HixBeri SREVRE ult FroMBBRIIBT PRI di8h § vEdFmelid A&Hﬁ%ﬁuﬁm Sulfate
pl ot 240 of the assenbly paraneter 164 taken to be the
s Ul 6 aleshowis sipdot 240 afglad mtmbllymara:bﬂﬂc;r MHaakenlte be the surface tension

5, oeayE Do B0 ket e Bhatc ozl Ao P AR daa be prapimlysozymme
and ﬂ%%@dmvmat BinRIERAG A EBIRE (L £R0A TR BbhBBroh~fledyf, dongentration 156

and the additive concentration
is 1 mg,fm; ian@ rthe radditiive exbnicenttaienf 71 w2 . Tl espdrimient hesulted in the

i ffusio t| the penetration tinme, the
follovydig% VR gﬁb&g@m @ﬁ;g)n gzﬁg ¢, genetration time, the rearrangement time, and the

integration time: fgir = 833.33 sec, fpen = 2320 sec, fur = 5537 sec, iy = 7857 sec. The

corresponding value of the crystallization coefficient 232 kys in FIG. 12 was 9.43. According
to the aggregation boundary condition established in the present method, crystallization

experiments using the aforementioned lysozyme and ammonium sulfate concentrations should



integration tine: diff = 833.33 sec, tpen = 2320 sec,
ta -= 5537 sec, tnt = 7857 sec. The correspondi ng
wo a00808@b2 t he crystallization coefficient 232 PCI/g62005/m00051

FIG 12 was 9.43. Accordingi1o the aggregation
boundary condition established in the present nethod,
crystallization experinents using the aforenentioned

lead oY@ ZYIBRpINE a@FReBAionM BUinfraGe 3CRBEG Rt Ihahé @aénuﬁc literatyre confirm
shoul dl ead to the anorphous aggregation 128 in FIG 3.

our rédapahatdysomymé eannoi berciyiatlized fomathe mmngemiirarsod fatarsolution. However

use o b Sl A PR o b P i procicion
that tﬁé‘Pﬂy@MllﬁQﬂ&d"@@iﬁW@dz ¥ FybMynfeqfdrh bhfRturh sditatt SRR B@poss1b1e

the“incorrect prediction that the crystallization 1
in FIG 2 of |lysozyme from anmoni um sul fate shoul d be

Sulfa‘EehOV\E’ a plot 244 of t he assenbl y par arreter 164 taken
=~ 1o be the surface tension s, against tine 180, when
t HAGhI 4 siovsonplbe2A4 of th@hssembly padfindterclloddasenttb e phicoduefane tension

N T —
o TN AR e R D . T

biomidiembletlilewon@ntrafiare 556 8r0.1 hep/rel irddithi @ddﬂhlVBEondehﬁ'atlon 157 is 1 M.
penetration tinme, the rearrangenent tinme, and

This ﬁxne@g?e&f resulteq ingthe follovring volpes foy th% élfquw@ntlme,lths pengration time,

the re%?r%n ggd mte(rg?eltwn tﬁﬁé‘zr g za?g I&e 1436.78 sec, tar =

EOrTe spon |ng e cryst L T bt rie et

675.623c ChySt211D. 4E|s& "Ilfé d@&sﬂon@ﬁ@ valas of thengysialitdiRn coefﬁment 232
_agl:gregatl on boundary condition established in the . .
eryst lpa Sl wiee i 108d, A nafq thza%ggr@aat&@dwnﬁwtcgn@gm gstablished in the

nt n val | n ate
presl, R b SRR BR SRRAAL BB, { B pyatin A and
ammariuhl Sfai. coﬁ@d@%ﬁ@lsl sfhohlﬂlele@d?t(ﬁthblci'ysfalhia&l@ﬁ ap@hig FIG. 2. Reports in
confirmour result that concanavalin A does i ndeed

the scienjidicditeraiee ¢m@mqué resttrdat ganeanpyadineA doevindend arygallikg from the
e G B RER e 5 EBS SRR L SRR REEE ch second

virial |cbéi%ﬂ:htJB£ aréfa«@nmbls itthe EBXf8fkrENt @l Result from
Sol ution of Protein Bovine Serum Al bunmin in Ammbni um

Sul fate FIG 15 shows plots 251, 252, 253, of the

Bx afes%giﬁ Earagtﬁr I]f6é tagen .o “ t e S rface tnS|

Amménfinl S@iklgdes the protein Bovine SerumAI bum n (BSA 66
kKDalton) and the additive salt ammoni um sul fate
( WHG) 2560w pk)tb Qﬁ)hﬁZﬁ.’Zo 6B colithe a:ssctmbimtpaamheimsl&ésﬁaken to be the
ct.ively

res t. , 254 and Q
surfacigfeFion S ASHRY. (HIims UB0r SHe dPPATPBRIcRLly feluigop30 dncludes the
protei ABViA! SErufAPRIMMA (BSA, 66 kDalton) and the additive salt ammonium sulfate

(NH4)2SO4. The biomacromolecule concentrations 156 are, respectively, 0.01 mg/ml, 0.1

mg/ml 254 and 1.0 mg/ml, and the additive concentration 157 is 52% saturated ammonium
sulfate. This experiment resulted in the following corresponding values of the crystallization
coefficient 232 ey in FIG. 12: 24.6, 24.8 and 23.8. According to the aggregation boundary
condition established in the present method, crystallization experiments using the

aforementioned BSA and ammonium sulfate concentrations should lead to the amorphous



sul fate. This experinent resulted in the foll ow ng
correspondi ng val ues of the crystallization
w@o@shsm@eent 232 CryStin FIG 12: 24.6, 24.8 apdr/2G2085/000051
According to the aggregati oni$oundary condition
established in the present nethod, crystallization
experinments using the aforenenti oned BSA and anmoni um
aggeghti®d €1280RL GGy . | RBﬁorﬁShQWtﬁel Kti6R fildfature however indicate that
anor phousaggregation 128 in FIG 3. Reports in the

cw%aih@ﬁxonf dags pdegd geenre Thisvdiseepanagiic atigbutérhto the tendency of BSA to
di screpancy 1s

[ i on.does, ccur.

diss§ENE Bt WP T e TR TS O6 Riecsbiition WL otk e entn this case the
solutivhlrtinfirfatd) €A S W icbadequdied o t

4, i.e. in this calz%qt he solﬂd{sr}grrlf%gw tlhglglé& ﬂe&l%%easuremems
preSé@bﬁ’;quéh@ @resent meﬂloslenﬁfemey urrléabdalpionme dfedisi BSA crystallization

asurenents prescribed in the present nmethod offer an

WG el i abl e pi cture of the BSA crystallization w ndow.

Concl usi on The prediction of the crystallization

wi ndow t hrough the enbodi nents of the present
Contlysient i on features the crystal equilibriumcondition,

on
rence A and_ 6, and the aggregation
o Er T ah the S lizstiph PaRGE SpBetThecemogioaemts of the present
1nveﬁd1(§1 feﬁaﬁeﬁﬁéﬁ ﬁpec?Jh 1Biins e@l?] otl@xﬁ) Rb;f ARl Ende3h g FIGs. 1A and 6, and the

bi omacr onol ecul es t pgrone t0 SEvVe
aggregationdiongdary comditiem nitic eefdbaceofo FIGR. $BlaullifuG. 12013&'(E|eﬁibodlments

%’?Pyie crystal uil.ibriumcondition follows fromthe
are appli W‘E’éﬁﬂ“&m P ‘ih?’t are gt preng Woseqvrreanfailingza the surface 152
of tH€f 541880t N0 QRRS. BYURY, Q{S{%gr g@?lrﬁﬁ{tg g?(!?ngiﬁtmnﬂ,fgllows from the

concentration to be USG (V4

biontacromatdeqnlagghubiity | @mve dﬁ’dl (FIGn 6)efaas défthel e SRWEE Mound of the
par anet ers. is applicable when the

eri ment al ]
bwnw%%?%weent@t@a (ubg Bfﬁ‘é foreystaldizetiarer mi ne t he
t 2 FIG .12

o 18k SRS el Lhih Sl rched Yo 5ol Ryl Yefameters 1

apphexl:plerwhantthe | iorhadrbmoleculte kSlutib®s @RBY QY €8etermine the crystallization
cronol ecul es are _proteins. The first colum 1?’

coe ‘H@l ot &1 0(HEnEdrare dilpisnThe sBults ae| semmatized EOIIMua‘, experiments
t | ti d
in T ‘gqiag‘glr ega%: qu oean ar ﬁ?&%’g‘i"{‘w 6 nr?ré)\gﬁ’gglﬁ% gt@l St Cgl%mn lists the

proteﬁﬁﬁ@ﬁﬁhﬂfﬂtdn@ 1136 U $UGE.OT 1 heised Y&t pblibd) ﬂl%rhrysrt‘alhﬁh%o indow by
case of lysozyme are allowed to vary in a range 5 )

deterwgmﬁg the siggregpinm beundaryT gphditias).. T @rateinocmhcenttations used for the

ot By WRTGRER oty S ET e st fpr T

reporgddsn TaBRt 1! ThE séddnd BEluETY ISk Pihk isZ1R i h
P hird col Brm [ists the pH, and t hgélggﬁ?%i %ISIVTSPIGSI 3 ??usedf"r

determjing dhe |aggiegationy bouridary, aomchnom;oeid‘ alksb eﬁehtuﬁﬁ@ 1h Cthy crystalhzatlon

ok, 0 AR BT P i i
crystaflifitiof, co%ﬁid?érﬁdlﬂt b@FIGhQZf"gﬁﬁee G| 9(5]u1‘nﬂdl'1§f§"tt}9er 881Tcome of the

the present nethod. "These predictions are conp
crystaljizaion isapgrinaetite in tormss qb!ﬂlaldnmzims A,BorC,as predlcted by the aggregation

indicator of the present method. These predictions are compared with the predictions obtained

from the method used in the prior art employing the second virial coefficient By;. Both
methods are compared with experimental results in the last two columns of Table 1, whenever

such results are available.
Table 1



fromthe nmethod used in the prior art enploying the
second virial coefficient B. Both nethods are
wa@oowpasEd2 Wi t h experimental results in the | aspCT/862005/000051
colums of Table 1, wheneveri9such results are
avai |l able. Table 1Protein, Salt, pH ryst
Crystallization B22 Surface tension concentration
concentration result, prediction prediction (ng/m)
Protefn)M) domaBak, (Fi g. 12) pHyskgzynme, Ceadiizatanchl osi,de, 4. Burface tension
concer@ios 0| ut i cmgentlationr r ect correct sk, <O. 3 | ySpEdiéi®a  prediction
(mg/melpdi um cfMor i de 4.5 4- 7 crysﬂcaiain(Bgd(z]rrect correct

J. U U \5 = L U IébUL ylhie, bUUI UIIIbIII O+ uc, 4.': Q 1’)

IYSOZE‘@SQr egat i offdiug cBlgiideect 4€or P-&ct 1500Mi9RAQ | ysogoymw,  comect
L0 anmoni um sﬁ¢ ate 4.5 9.5 aggregation, Cincorrect
I correct 1. Od c{%calzgin @ ammoni um sul fate, 7.0
o 16 crystaf) m? Blﬂré ai | %DI e¥chrr e®@H B 1.0 BEgAECt correct
anmoni um su?fat e, 6.2 24 aggregation, C unavail able
correct : 1 5% sat see from
lysoz!kltﬂbl el th%;dg% ﬁlélg%%gr eagt | %n é%'% %asgég}ﬁdl tTBR " in corect
FIG 12 prescribes that when the crystallization
lysoz@RET i Ci eNdmndodidmisBifakedr ger §.han a@g{ggﬁbmtel Yin€bmeot t N&rrect
1.0 bi omacronot.ecul e has a hi gh proba ity to undergo the
anor phous aggregation 128 in FIG 3 at the enpl oyed
concabyiped.i ment aimaomdilfatepns0 | Nk@| vi ngystag Bg. | unavailable correct
0.1 specificatl®ns of solvent, additive, their
concentrations_or the Hence the aggregation
SA,i ndi cat or ¥EPiEsuliipe c‘g%sf%’ﬂ |y aleefegptipn/€| y nepevaable incorrect
0.01, %h}gt al | i z¥#t4 B4 ndow 4.5 < kciyst< 8.5, or a broader
crystalTirzation Wndow 4.0 < ClysT < 9.0, for
bi omacr onol ecul es, with the foI | owi ng provi sions:
fi t
ol g 108, | SERSIOUBLEEN, O A8 AL 3BT esries
whenanthe seeystaitizatioal atdeﬁ?ahgntl @BQbI i® nﬂﬁfgemﬂﬁﬁme@prommately 8.5, the
oncept rations, exceedi ng approxi mately 1

biomggragolegple hag édﬂ%@‘@h@?lbﬁ’é@ “nflereq thecgraerpheys ageragation 128 in FIG. 3
cL
L S R AR G Y-

their concbritdationd @F he OpfAC Hu0d @Bél|a@gregation indicator defines successﬁally a

relatively narrow crystallization window 4.5 < keryst < 8.5, or a broader crystallization window
4.0 < koyst < 9.0, for biomacromolecules, with the following provisions: first that the
biomacromolecules are able to maintain their conformations at the solution/air interface; and,
second, relatively low biomacromolecule concentrations, e.g. not exceeding approximately 1
mg/ml, are used in the prescribed experiments to determine the aggregation boundary

condition.



crystallization and for crystallizing a
bi omacr onol ecul e, conprising setting up at | east one
whe@smswonol ecul e sol ubility experi nent conpriBCTI§GLUI0£000051

CLARWISpPs of a) preparing a solu20on of the

bi omacronol ecule in a solvent, the solution having a

bi omacr onol ecul e concentration, b) selecting a
1. Warmehbe @ramiddidtingCla S@YLAt iefbiliBRu@S %Sﬂ(ﬁlh}fn p?d'ra%%rﬁ&:romolecule

d) nonitoring a response of the assenbly par anet

crysigilizabion ang fqrg:rxstﬁéhxaag a:btﬂlmcqumlwtl«y compesisgi t abl e way

settfg plAb eats S bEGRRT o EtHF BrRiB: SERReth @mprising the steps of
inkad n fonfisdul , f
ag %ﬁ% li wg {Jsleﬁtlgfﬁ?ﬁl?nﬂ%o ng?‘ﬁc on acc oe'r glp r? g E(%lggﬁih lﬂ% S9hufion having a

bidshasnerae pe@mwtrauqrst allization concentration exceeds

b&: egllgl l.i brium bi omacronol ecul e concentration, and

F?jg“t 13 ARy HE Y onacr onol ecul e. 2. The method as
cygaédmgahassg@ﬁ&am@@er ein the solution has further a

pH and a tenperature, and the variable quantity is one
dpfnonitering arespersewlf thedssenctilp petatieter inile viaiéngitle %ﬁaﬁlb Quantity in a

eratu 3. The nethod as cl.ained in Caim?2
SUI%@@%'%S‘{@@J‘@SFWPW t5a/rapglipR.i ses an additi ve,
&ﬁ iyl Ql&'ll B HEEEII]‘ !;i an t he
eX/arlaab e qeglalntlty |§ﬁ%§ﬂ§£ﬂo uﬁ%ggottrrlé@é%ﬁo do ¢ transition,
f)C dﬂﬁmngratqrxmal tdpelipdiimt onditmpacaiding @n dvhﬁcﬂﬁ a biomacromolecule
ddi ti.ve concenIratlon 4. The nmethod as clained in

1ZAtian copiqeRtetipniereceds fer pamlibrimn hiomacrameleowe consentration,
im4, wherein the
and %ingglr > ecng%&%%eapr one to unfolding at the
2. Tieunéthod amélainlml inallainm O whdein thesoRgidndths @ﬁrﬂ?ér%'ﬂmgnd @temperature

g},ﬁﬁ E\}) wherein the assenbly paraneter is one of
and then¥ariable quangity ds 1angi nytheablé@ﬁ@rpg@mleaﬁ@w&ntratmtth@ pH and the

temp@t gGsure. 7. The method as clained in Caim4, wherein

e assenbly paraneter is one of a surface tensi on and

3. Tie methbdes chirgsd i €laif 2, Wﬁrdi@ﬂi&%hﬁﬁm%ﬁhé’f%rﬂﬂhsg &l Mditive, the
2 or Jaim3, wherein the transition is associ at ed

solutigny thag @R pdisive magffentigiongf anchetheavatithle quantity tis. dhe of the
wher e

m2 or C
w8 RER RSB o8, B el ST o
4. Thagseahdl 3 QanREeh Olaitd vhesdih Heabitidh his ¥ B&RARII NY
response of the assenbl y paraneter.10. The nethod as

5. The megthectias dhaimiediimClainy 4, ciherein the Wibmrabmoldeeletis ansproheto unfolding
at the S?Lrﬁges gf:ﬂlg S0 gltlg\ﬁt h a

6. The method as claimed in Claim 1, wherein the assembly parameter is one of a density, a

conductivity, a detergency and an osmotic pressure.

7. The method as claimed in Claim 4, wherein the assembly parameter is one of a surface
tension and a surface pressure.

8. The method as claimed in Claim 2 or Claim 3, wherein the transition is associated with a
critical magnitude of the variable quantity.

9. The method as claimed in Claim 2 or Claim 3, wherein the transition is between a changing
response of the assembly parameter and a substantially unchanging response of the assembly

parameter.



critical magnitude of the variable quantity, and
further wherein the transition is between a changi ng
wo e@posEe2 of the assenbly paraneter and a subsPEnsGzI05/Y00051

unchangi ng response of the -a@gsenbly paraneter. 11. The
method as clained in Caim10, wherein the
substanti ally unchangi ng response corresponds to a

10. BiPsbMBH 28 laiméd i ORim 03 UClafh 3t HBeRRSBRRaNsiAeh N REE ated with a
12. The nethod as claimed in Caim10, further

critighé fnagnityde he ther yariable gupmitity, pmid Uintbernehdereipnthe riransition isfbetween a

the critical  magni t.yde, wherein the crystal .
changii G ] (5 ATETh DB A9 LRIy Unchanging response of the
asse@blSiatdrhétgat i on occurs when the variable quantity is

smaller than the critical magnitude. 13. The nethod as
11. Thaimahiod as Claiingd 18 Glaenel®) wireinathe adnbstanfisdlyt idichanging response

t he bi omacy | ecul.e. concentration, and consequently
corresandR 8 AP ATURIL FERAEY SHOF 86 0r S CHDOMParRbN equal s
12. THREmEbY a6 @laiiBOR ELHR- 101 fgrhbp Qeﬁﬁlgt‘ﬁse <I,ar§st§1| &iu?ﬁ%idnp condition in

Claim 12 wherein the variable gquan not
term#iob theecenitingl emghitudeo mberdin de apstalosyhilibeivee qomtitidy ptdieribes that no
equi lLibri umé%im%gﬁc%%ggl ecul e concentration equals the
crystiigARen, QFTHIS T Mt quantis smaller fipan the eridenl smpgnitude.
) hATESH Adbl A : | ' e.to he
13. ThohetR p< AR Eiali0) Ghéleh e LAEREABIRLES b gomotecute
concéntrafionj andl&onsequently thd bguilibiirgi bioagomolseile ont@®Stion equals the
..than 200 kDalton. 17. The nethod as clainmed in Caim
criticghmagiiidsi n the protein is one of a |lysozyne and a
C l . o T t claimed.in Caiml,.
14. mgr@lg%%?h%J] lﬁ%ﬁ%@rg}m %%ESI Ly%ﬁ%@lgc rﬁ{fs_tvgfl?l?rl% _e@luarng‘lcya is not the
biompaoypéuled @onddhtraiibig BE heshsaguedklai MRA dqilBriabdn Biomacromolecule
wherein the bi omacronol ecule to be crystallized is a
concepigatien £quals de bimmacrgraolseulp sencgstratian med in daim 1,

j ' lLecul e.t e crystallized.,is a, .. .
15. YR EhSL b Al B CRIR IS e in, e RS iahiplopbfeih g Srfhaliized i a
proteidle bi omacronol ecule to be crystallized is a virus
fragment. 22. The nethod as clainmed in Claim3,
16. Theemethad taseclaigngdtinvelaim 1, sehercinXBe proteinnksisha dveaght less than 200
claimed in Caim3, wherein the additive conprises

kDall%’P'gani c nol ecul es.

17. The method as claimed in Claim 16, wherein the protein is one of a lysozyme and a

concanavalin A.

~ 18. The method as claimed in Claim 1, wherein the biomacromolecule to be crystallized is a
| polypeptide.

19. The method as claimed in Claim 1, wherein the biomacromolecule to be crystallized is a

nucleic acid.

20. The method as claimed in Claim 1, wherein the biomacromolecule to be crystallized is a

virus.

21. The method as claimed in Claim 1, wherein the biomacromolecule to be crystallized is a
virus fragment.

22. The method as claimed in Claim 3, wherein the additive is a salt.

23. The method as claimed in Claim 3, wherein the additive comprises organic molecules.

24. The method as claimed in Claim 3, wherein the additive comprises polymers.



24. The nethod as clainmed in Caim3, wherein the
addi tive conprises polyners.25. A nethod for
w@e@diogtseng a crystal equilibriumcondition foPCPsGL®F/N0051

crystallization and for crystallizing a protein,
conprising setting up at | east one bi onacronol ecul e
solubility experinent, conprising the steps of a)

25. RIBGR6A fer Fedioling 4 &@'st@f equIBLRIR tEAR b £ p?&lei\ﬁe&#staﬁlgﬁlon and for
solution further conprising an additive, "the so

crysmélmm@aarqmlmmmmmgcent ration, an additive

t t th [ ut
sctifl U AR Lnr PSRRI T A o PPt TP e Sfepof
aﬁﬁf—iamﬁg' raf 3AGHR 85 W Erotélﬁ empi 9?1%15’( Rl Buiit gggjﬂ%p %ohfprising an

unf ol ding at the surface, I nihg an asse
additivearthe eolution bavinge pmcbtemr@nsmm‘aaonz, drenkiitwe camdeﬁtfaﬁon a pH and a

surface sel ectlng a first variable
tergigt s Gleariion SBEIOk e SURRen e oras kMR § FSTHeE fRusion and a surfice
preegueé ThiTpfoRdi BBE b 3Bne fo}6arSde talt&fe gpagentratt on, the
eterrprature var |ngt rrst varlable
bhdﬁfnnmg 3n asserably\piataniete twby osoof thatuifire taskardl\the surface pressure,

paraneter exhibits a transition between_ a changin
of sdpdtnge a st yauahlks QaRRt qngd %lris@%}ﬁ]gi"ﬁ”gableeﬁwﬁ% ffom the protein

con\ggl?t?agisogoﬂgg dtafgggkﬁﬂ&hﬂts&ﬁb&{éﬁm tl'ﬂjg} terrr]? I%Parm >val ue of

d) heryagsthebfingt panizbie qeantity ie 4 setble vap sbehfOthe assembly parameter
al?som ated wwth a first critical magnitude of the
Fss troBTiiem PRWEEmR A ChRRgIng Jespesg iang atmstg@t@émnchangmg response,
I t [
e T

valgh i gthegassex&b@n peragietbr tisl ishaibh Heing WBGBRARA RGth a first critical
response, wherejn the substantially unchangi ng

magfé@ﬁé%glecﬁiﬁfr‘@ﬂ?}bh(ﬂs‘a@tﬁyaa second substantially mi nimal
ramet er he tran n bei
o) el e PN AL MR b ot R Rt R ety pacamcter
exhfgeantansitidrobdt@eéi @ dhadging fe)s% SR8 2hd %%bﬁ%t?all%qjﬂé Tg‘lﬁ@’ response,
curve conprising points, each point being a pair o

wherpia the puhstastipily wephanging raspelse &nuesphedss‘re@cmdorrdr substalaﬂially minimal
order .to.as in,definin

Valueeq ﬁf It%leb A %ﬂ:ﬂb@b ket ﬂlf) %ISIESE‘%‘?I}] |bﬁ’§ga??5%‘a%f?‘ii' lf Mecond critical

magditlie bNthHe@BERAtvVaghble qualifly,def i ning the crystal
equi | i briumcondition which is based on the solubility

f) sorspaicting @ sobilhtypeuerse cobpsing oints, yeatlalpbint deingna pair of the first

e ri,abl e antity exceeds the
crie i SniHOE Pl i fechid o) AeeRista i orden & vt g difieing a crystal
equildbiugbéshdatibant i ty exceeds the second criti cal
magni tude of the pair, and crystallizing the protein

g) ushtaiging @r @q@uhbnumyprtomm icoaténtration rad ndefinirigothe crystal equ111br1um

xcee ui rotein centration.
e A CEN T e
occuir vHRh MeShifdt %ﬁ%ﬁ:’ﬁlfaﬂﬁﬂy%&céeﬁs R critical magnitude of the pair, and the

second variable quantity exceeds the second critical magnitude of the pair,

and crystallizing the protein using a protein crystallization concentration exceeding the
equilibrium protein concentration.
26. The method as claimed in Claim 25, where in step (c) the protein concentration is one of

the first variable quantity and the second variable quantity, and hence in step (g) the



the first variable quantity and the second vari abl e

guantity, and hence in step (g) theequilibriumprotein
w@omsmsi4eat i on i s correspondi ngly one of the fPEEBEG2005/000051

critical magnitude and the s2tond critical magnitude.

27. The nethod as clainmed in Caim25, where in step

(c) the protein concentration is not one of the first
equilibrimyretefiiiedtickhtyatdnds EdtRespR@AMYy Yad bARL ErdaRE t¥agnitude and the

and hence in step (g) the equilibriumprotein
secopd sEEpAlAagndNde.s t he protein concentration. 28. The

o, SR R, LA T2 LR e ot o
of tReldirdti vRiable guidity andIhe LedvRll NRGAbRI qRLER! Ghi r}gzng&? én step (g) the

.qggregatipn boundary condition for bi onacronolec
equilipsramarreteinagangenteatidn fisothe projein gbndentratipra

O T I L —

concanavlig RRihdtheAdaRiveid LR1O0f the bi omacronol ecul e, b)
sel ecting a variable quantity, c) selecting an

29. 4s gasthod, fpamg@it;ﬁmg adl) aggeagstion ripuhéery asssitivny for biomacromolecule
ranpeter. at different tines, egl stering an
cm%ﬁwﬁ?rbmﬁf §§'§'§\§11‘Eﬂ"§g % BieE13EKO ?%w{ed EPDIIHRE o
‘ : . P ¢ Eibri.
setifg ULl SAC LAReERIBh bp R och B! AP EAMe oty
bgireparigsoelaiacbfithd biotherowmidcalel e quantity, g) using

ﬁgﬁ%%gre atL%H i ndicator to define an aggregation
RS 2 VEHAP'E ABHSr t he bi omacr onol ecul e, the
@%[&gg%wgssg&%{}&%&%&&ndi tion prescribing that an

aggregati on occ en’the crystallization
domédsuring the asanitly phachewr bhdifenyvameabl e quantity is
l.arger .than the, aggregation indicator, and
%)rrﬁéﬁf&rlflgﬂvﬁ@m 1REUIR; STl PasPBES . 30. A net hod for

e R

I’-‘idbl tion for !
BB ystemuly parpgpeter, the
crystallivationcroefiidian beig asaiatddsiviigtheaktihble quimtay, | east one
aggr.egati on boundary condition experinment conprising
2) U Ba ragatpeatian Ingigagnr tof defime a5 egaaesation|bevndasy icondition for the
. h 0 ' ving a bignacronol ecul .
AR ecul 35 B R0 BLBTBE" QTRLEEA St an aguregaton
occsighvilenghp tasalliAtion fodthtientdsstiAed Rith A BrdbRYuahitty iSlarger than
obtai njng the surface pressure at different tines,

the pggregatipandigggor.he variabl e quantity, d) recording a
and C@?@éﬁﬁ?@%ﬁ%ﬁ&?ﬁ@écﬁfel um surface pressure which is
30. A method for predicting an aggregation boundary condition for biomacromolecule
crystallization and for crystallizing a biomacromolecule, comprising
setting up at least one aggregation boundary condition experiment comprising
a) preparing a solution of the biomacromolecule in a solvent, the solution having a
biomacromolecule concentration and a surface, the surface having a surface pressure,
b) selecting a variable quantity,
¢) obtaining the surface pressure at different times, while varying the variable quantity,

d) recording a time dependent equilibrium surface pressure which is associated with the

variable quantity,



vari able quantity,e) fornulating a tine-dependence
profile based on the equilibriumsurface pressure,
waRi0si81432 associ ated with the vari abl e quanti t RCT/832005/000051
deriving fromthe tinme-depenpdence profile a
crystallization coefficient of the bionmacronol ecul e,
that is associated with the variable quantity, Q)
OPfofth Al fi"tlﬁ[@-&égﬁn@nx I%lfllé %&d Qﬁ‘t {lflﬂbﬁhﬁf&nﬁ@e pressure, which
aggregation 1 ndi cator f| ne an
is aagg:[aé@hmthﬂlebmmaﬂhrquan:mxyﬁl t | on for t he
i omacr onypl ecug the aggregation boundary condition
% é‘%’&YIP% e time- §RFET BFPLEE ctir Sy siplbizatione coefficient of the

bloﬁfa}ﬁ%'hﬁhédlﬂ@%a@ps &Q@Jlitia&bvﬁﬂttheaﬁﬁﬂﬁ ﬁ;ﬁ; ith the

varlabequantlty S er than ag egation
gystitaaingrfrona e @ystslhadtiandoBﬂictdnearbaggmlomhhcﬁ&ﬂbﬁm oder to define
The mef hod as clained in daim30, wherein the

an gegregat ‘P‘B@ﬁTYecT%dl%@t sy ﬁﬁeblf)@aﬁfﬁfn@ll%% thg agpregation boundary
el Deuse 4 e, TSR B2 AR costiiens

assb&pe mathuhevardble qiatityes Mgieraﬁanctha hg@égattlﬁn Ghdbad30,
wher ei n the bi omacronol ecul e concentration is in the

and m@bzmg@ﬁ@owaﬁvgmwecum The nmethod as clained in
3L ﬂchHél} o a5 Erﬁécp i 9 %9|3Ht 'véflereflﬁJ rgéeg {owg@r{lcl)lgcelﬁe 3¢ not prone to

& 3o ufion has

unfommgcetrthéaﬁﬁfam of ¥ soltlnnet hod as claimed in Caim32,
wherei n the vari abl e&guantlty is one of the
32. 'Ehfbrm‘ﬁh edaimedc gh ddainr 30, ovhereinethp Hsadwiibrt flerther has pH and a

tem g{t}grature 36. The nmethod as clained in d ai m 34,
p €in the variable quantity is one of the "

33. Thi HBASI AR A el §n CONMET, Mtefeﬁpthetbﬁkﬁn&q&hgleléﬁe concentration is in the
concentration, the pH and t he t enperat ure. . The

ranga®Phod- %mgémlal med in C ai m 30, V\,herel n the st ep of
34. erl n a% Bﬁg}l?ﬁ/ i@l %6%1(1) (iﬁtﬁ)nr{ C%”P rcén%}e)rslsetshan additive
andtﬁéwrafdmlaﬁ%ahﬁveesﬁ@hﬁam an integration time of the

bi omacronol ecul e, dividing the integation tine by the
35. Fhef fnedliagh as iokimed b Cliim BRe whesestt dhé ivasibblenquantity is one of the

oS ST TSI S Rt 2 S1 et o
36. "%?:ofﬁlleﬁiedale gs g:%lgﬁé' fg? ;égalfﬁh g%’/e 'vxgﬁag ée @rl @%ﬂgﬁ is one of the
biomaabmokcule@gaedntrhtion, thd miduth& coucdnationtbs pHraad drcieppetiture.
37. llhe methgcciI uaisl élgiglielér%s [afir%ci?o P eesrgllfllr t%e step of deriving the crystallization
coefficient comprises the steps of

obtaining a diffusion time of the biomacromolecule,

obtaining an integration time of the biomacromolecule,

dividing the integation time by the diffusion time to obtain the crystallization coefficient of
the biomacromolecule, that is associated with the variable quantity.
38. The method as claimed in Claim 30 wherein the time-dependence profile is given by In(1-
DIpeq), where In is the natural logarithm, p is the surface pressure and peq is an equilibrium
surface pressure.
39. The method as claimed in Claim 38, where the step of deriving the crystallization

coefficient comprises the steps of



39. The nethod as clainmed in Claim38, where the step
of deriving the crystallization coefficient conprises
wo b@3o8@ps of constructing a plot of the tinme-de@ERGHENE@00051
profile against a tinme, idengiLfying on the plot of the
ti me-dependence profile a first substantially straight
i near segnent, a second substantially straight |inear
t [ Ladal o strgtght |inear
corEERRa AR oftd Bk S A Bl e PIEUAL, ot g
identifpiar ors elgplot of he sierdépenddnee tprofie tahfirst tshlestdritially straight linear
substantial |y straight |inear segnent and the second .
segmgiby 3sgeAndayupstantiallyisaight lingap seamaeptand a third spbstantigilyt fienight linear
segmtehtm‘?v eP@ fhel J&@Oﬂ(péd‘bg’[ag{f?& ﬁfbﬁ%lﬁlllr%f%egﬁiegpfs thieP §3the time than the
segment, equating a diftrusion tine an 1 nverse §1ope
first substabgtallyt st@ighs libedr agdmeait layd tHersae@idtsubstngntly Segightlinear segment is
equating a penetration tine to an inverse slope of the

later et pgnesthers the Aeirdysubptagtially sirpight linesssegiaqibent , equati ng

. (o i . ird
cauGiEFLRRRRTER o Ty orSh Al PG B SRRl APFh bt segment,
equBRLh IpRhbtediohi tiffe a6 @ntikeerie slope g ane Bécohd FBbdtantANY Araight linear

an integration tinme dividing the integration tinme by
segmepfe di ffusion tinme to obtain the crystallization

coefficien t.he bi omacr onol.ecul that i . . .
cqui 2 rSEibafon P X AT yfih of . D76 sbvientiy gieht tincar
segmé®, Cl ained in Caim30, wherein the bi omacronol ecul e

to be crystallized is a protein. 41. The nethod as
addipiggherpenciptiqh tinmand theshanasigamenidime tot ditain ha éntegrakomytime

o BB SRR 0B g e b SME i spgciont o
the b%nfh@ﬂﬁ@cﬂéé@é, ikt £ asﬂ@ciatg@%tﬂ‘%ﬁ@?ﬁia%& agdigged in Caim

0, wherein the biomacronol ecule to be crystallized is
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concanavalin A.

43. The method as claimed in Claim 30, wherein the biomacromolecule to be crystallized is a
polypeptide.

44. The method as claimed in Claim 30, wherein the biomacromolecule to be crystallized is a
nucleic acid.

45. The method as claimed in Claim 30, wherein the biomacromolecule to be crystallized is a
virus. .

46. The method as claimed in Claim 30, wherein the biomacromolecule to be crystallized is a
virus fragment.

47. The method as claimed in Claim 34, wherein the additive is a salt.

48. The method as claimed in Claim 34, wherein the additive comprises organic molecules.

49. The method as claimed in Claim 34, wherein the additive comprises polymers.

50. The method as claimed in Claim 30, wherein the aggregation indicator is below 9.
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g) equating a diffusion time to an inverse slope of the first substantially straight linear
segment, '
h) equating a penetration time to an inverse slope of the second substantially straight
linear segment,
i) equating a rearrangement time to an inverse slope of the third substantially straight
linear segment,

j) adding the penetration time and the rearrangement time to obtain an integration time
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56. The biomacromolecule crystallized according to any one of the Claims 1—24 and 30—53.

57. The protein crystallized according to any one of the Claims 25—28, 54 and 55.



