SMB Protein Crystallization Method The invention
relates to nethods for the crystallization of
macronol ecules in a three-phase system appropriate
devi ces, a three-phase system and the use thereof in
automated crystallization nmethods. Know edge about the
t hr ee-di nensi onal structure of biological
macronol ecul es has a dramatic inpact both on the
devel opment of nodern biotechnology and in the
t herapeutic treatment of diseases. Thus, for exanple, SMB
the determ nation of the three-dinensional structure
of a protein target can provide critical information
for the identification and devel opnent of novel active
substances which interact wth the respective protein
target. The elucidation of three-dinensional structures
of bi ol ogi cal macronol ecules is effected nost
precisely by X-ray structural analysis. A precondition
for structural elucidation is that the macronol ecul es,
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elucidation is that the macromolecules, such as proteins or their complexes, are
available as single crystals.

Further, crystallization methods can contribute to the derivation and generation of
crystalline formulations of recombinant active substances, and crystal morphology
can have a significant influence on the pharmacokinetic properties of a formulation.
The examination of polymorphisms of low-molecular weight compounds of
synthetic or natural origin may also be realized through crystallization experi-
ments. Another field of application of crystallization is its property as a purification
method for biclogical macromolecules as well as of low-molecular weight com-
pounds. Crystallization methods may be performed on both a small and a large

scale.



The formation of nuclei is a precondition of the
formation of crystals. These processes are nornally
exam ned enpirically by selecting different protein
concen- trations, different salts under varying ionic
strength conditions, pH values, buffers, polyners,
organi ¢ solvents, tenperatureg€ etc., which is a
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stal]izatjon of Biological Micronolecu
Usgﬁe{ 'nﬁ \Sabn becd %qutgggw C lﬁofrgm fggg)ate%spftg;% o? highly purified

préteist #h | theapredenzet Bpds c%h@e:%f@ﬁéda%ﬁ:tlohnﬁoc&?éé ding salts or
bat ch nmet hods, the protein to be crystallized is added

polysnerscetyathylenedlyeplsteten. beavghesiasessaryoosetubility is more or

les@%‘?@&rﬂfa%}btrh He ,\lﬁ'rgté’! h C%tl %%f?du%ﬂ%%sﬁghk@?%&l %aeg&%t?rse so that

asfiaatjoris of dlfﬁkreﬂhrmlzes n@lwﬁ:trm frb%ﬂucﬂ&;tnoﬂ@bf&ﬁé proteln molecules.
sta

Chayen, NE_: J. Cr 1 , 96, 434-
T RYEHtION i sniet i EPEONAIIon O Ehe RRBIRLIGBT of HisVstals. These
prdHe§§é§'a?é‘hb%aﬂ?%&%mlﬁe@\é?ﬁpuﬁﬂalﬁ)(b?%@%‘itn?x?rdh ré?’ft ﬁﬂoﬁ&n concen-
| na Concentratl on 1s set | rect

trappos eHiffesentusalon ungea yprvied jonie istrengsh eand @@na, Dbla‘t’iﬂ Hes, buffers,

powa‘gd Jﬁt%o%%@‘%e?@ﬁaﬂﬂjes@té }(XJH:EH ase Qh Sé’r%ﬁ’r?eter problem

30 the met dsta e region 6 I'agr a
(Mimlmersohhe!\ g Cepstadlizativnaot Biaggicalf Mtalcmmomlules Cold Spnng Harbor

pre&lsY al thods is lost (kinetic properties and
ih% &5éﬁﬂi§§?ﬂf determ nation, see Figure 1). A
nDdIerd met hod of the batch method is to use a
ara fin_ oil to whi (dime i | oxa
iRl Ry izahe BisHoafad FYBP BT 5 Flep Patcr methods, the

pratelratd be w@yitallzedtibaddad aend concairatet fdafition a\/pﬁéerously stored
fromthe solution takes place El nor e,

aqueoys solyfion, J8hNdeR versa E'n g su PQ %mp{? o‘f’/btﬂﬁ’orﬁsi%‘aye“ N.E.;
StéRSrt, PLHS 80MackioMenar, Bidvs DR Nad agdpeschpl. aldew £ar 297-302;

sefting an end poi'nt because the systemi's not a
Chayesell.biigl. KygtaderawthwdBa9, 196 He34-4d0. Hinwe inhihis system there

is RBOérﬁJ d&hor}néﬁi Wk 'tREIJ_HWer!th%nC% B! gMeP‘é‘ﬁr kel SUiBE of time,
butdhdl ﬁmajnedJmc;erftmtlm'r ys tsat |Cbg:'ﬂ]|]b’SW$Ie('|SﬂE Ergwue sbjuti@n lis applied,

thlgglntr f%l & ng(‘tlg S %ﬁod'ﬁﬂ@?%ﬁ ?tﬁpe%{jﬁlg lg:g:e?éop continuous

enﬁrqﬂ imth ARE metastdbld yedios Wiad Pdas@ cﬁa@ameﬂht@sﬂﬁ grédtebt advan-
reservoir of an_aqueous uti on of glredeterm ned

tagh gheraeer! errstall lonmethegs| I5dpsh (sinebic prapgsties japs dynamic
en¥BiGiht ALARMALESN| EOEFdRedIPP. SO that the

A modified method of the batch method is to use a paraffin oil to which
poly(dimethylsiloxane) (DMS), for example, has been added in stead of the pure
paraffin oil, so that a continuous diffusion of water from the solution takes place
(D'Arcy A.; Elmore, C.; Stihle, M.; Johnston, J).E.; J. Crystal. Growth. 1996, 168,
175-80). However, this method does not allow for setting an end point because
the system is not a closed one. A great drawback is the fact that the protein
solution will dry completely over a particular period of time. Thus, it can be used

only conditionally for crystaliogenesis (see Figure 1).



protein concentration increases continuously. An end

point is reached when the drop is in equilibriumwth

the reservoir. Thus, the end point can be set through

the concentration of the excess reservoir. However, the

provision of crystals suitable for structural
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brilliance (synchrotrons) and by the provnsmn of efficient hardware and software
for the interpretation of data. However, to date, the known methods for the
crystallization of biological macromolecules could not be performed satisfactorily as
automated high-throughput methods (Chayen, N.E., and Saridakis, E.; Acta
Cryst. 2002, D58, 921-27). Therefore, there is a great need for methods for the
crystallization of proteins which are readily automated and thus allow for the
screening of the proteins having become available in the meantime and the

systematic production of crystals.

In automated diffusion experiments according to the hanging drop or sitting drop
methods, closed systems are sealed, for example, by siliconized glass covers or by
self-adhesive transparent sheets. In the hanging drop method, a drop must be



nmust be achieved. For a robot, this is connected with a
relatively high nunber of tedious operations. Such
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In automated batch methods, robots place the solutions used in the corresponding
screening setups under paraffin oil, for example (Chayen, N.E., and Blow, D.M.; J.
Crystal Growth, 1992, 122, 176-80). Thus, the aqueous solution is directly
protected from exhaustive evaporation. This is important, in particular, when
ultrasmall sample volumes are employed, because the slightest losses of water can
cause the set concentrations to vary significantly and thus affect reproducibility
(interference sources). Such automated methods are connected with the usual
disadvantages of batch methods, because no change of concentration and, in case
of a change in concentration, no end point can be set. However, the application of
adaptive crystallization methods based on statistical analysis requires an exact

knowledge of the final concentration.



met hod whi ch overcones the known drawbacks of the prior
art nmethods. In particular, it should be nmade possible
to obtain crystals of macronol ecul es as honbgenous and
| arge as possible at a relatively small expenditure and
with a relatively high probability of success. The

met hod according to the invenPion should al so be
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The invention is based on the provision and use of a three-phase System. The
aqueous solution of the macromolecules forms a fourth phase which does not
immediately mix with the lower phase. Generally, the fourth phase is added in
such an amount as to form a drop. Preferably, the fourth phase will migrate to the
phase boundary between the lower and middle phases after having been intro-
duced into the vessel. Mixing with the lower phase, which is also an aqueous
phase, does not occur. Rather, the fourth phase remains in the system at least
until the crystallization process begins. In alternative embodiments, the fourth
phase becomes positioned at the phase boundary between the middle and upper
phases or within the middle phase. What is important is that no immediate mixing



with the | ower agueous phase takes place. The term

"fourth phase" generally designates the aqueous

sol ution of the macronol ecule, even if the three-phase

system consi sting of the | ower, upper and m ddl e phases

has not yet formed conpletely. Brief description of

the Figure Figure 1 describesbphysico-chenica

rel ati onships in a phase diagram Figure 2 describes
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Figure 6 shows a special embodiment.

Figure_7 shows a photograph of the system according to the invention in which

three indentations are arranged on one reservoir.

Figure 8 shows a comparison of different conditions for glucose isomerase and

xylanase as examples.
Figure 9 shows a sample support according to the invention.

Figure 10 shows a vertical section through the sample support according to the

invention.
Figure 11 shows an embodiment of the sample support according to the invention.

Figure 12 schematically shows a lateral view of a vertical section through the
sample support according to Figure 11.



sol ubl e, netastabl e and unstabl e regi ons of the phase
diagram Figure 2 shows the schematic structure of a

t hr ee- phase system according to the invention with a
fourth phase in the formof a drop |localized at the
phase boundary between the upper and m ddl e phases.
According to the invention, U ward diffusion of water
essentially does not occur. |, Il and Ill correspond to
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Figure 4 shows a close-up view of a fourth phase at
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the phase boundary between the middle and lower phases.

Figure 5 shows a close-up view of the crystals formed in a three-phase system
according to the invention for the same setup as in Figure 4. The lysozyme crystals
can be detected with polarized light and an analyzer shifted by 90°.

The phases of the crystallization system are illustrated schematically by Figure 2
and photographically by Figure 3. In Figure 3, a fourth phase in the form of a drop
is positioned at the phase boundary between the middle and upper phases. The
phase boundary cannot be seen clearly in Figure 3, but Figure 4 shows a close-up

view of a fourth phase at the phase boundary between the middle and lower



wal I s. Thus, the fourth phase is localized in an

i ndentation or conpartnent. Figure 6 schematically
shows how such an enbodi ment can be realized according
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t he macronol ecule is prevented by an indentation

Wi thin the vessel fron1n0vin98further towards the | ower
phase. The diffusion of H2Ois in the direction of the

ondies” o dbis, medEable, sfilr PR TFurt s o Biglis frer sh extended
periad bf e bBhe dbesmatanttate ie@cihetibiel @0BECNH ABESsE.

According to the invention, it is possible to induce
nore than one sol ution of nmacronol ecules to

The foywtalpHage wisi ieranat@d phitalyesith the |6ReLphBE@SBLIl the crystalliza-
system Flt%ure 7 shows an enbodi nent of the vesse

|
tion g iy e taweth phesei gnahia Rhese doupdassydth the fourth phase.
Pre?&%tbﬂﬂrmo‘ﬂ'rfﬂ"pﬁaieo% Hibﬁ%i\%\’iﬁ!ﬂ%%l@ oY 3t FRRE O P B4 Ho%rs, more

he I'nvention IS shown In three Tndertations ar
prefenabhy éor adeashly4a6, bhell @sS&0vdiys. In the niddle
i ndentation, clearly visible crystals have forned. The
i ndentati ons are connected wth the reservoir through
In a prefeirad kebatligerng, shesessal eogptowes ishdesignedirin such a way that

Y . gt
ol R EAEESETy PR BESHSRe, H o s
is gtabitized Acedrathicadlytthehhin this ease ome fouctn eidxdisrreferably localized
RS SFTC T rare—
wall@rpeud) uhkeoupth Siadae i89ocdlized ih Wil ﬁﬂénﬁﬁﬂ?ﬂbﬂ@ﬁhpaﬁﬂﬁent. Figure

| ower aqueous phase ma% al so be replaced /com )
6 sshematically ihowsah oM seeh Ry empPasiigent capike raliBedtaeordng to the
invehtibd! #MRg é‘\?ﬁb?ﬁl At the 'SORRIS of thd H’?ac?&%ﬁ%&ﬂ]e o Pf'é\?ented by
nmacr onol ecul e. e hygroscopi ¢ substance may be solid
an indPrdetipn quithinithe veseeldromnmeying fusther dowards theeldwelsphase. The
. . C
aiffySortef PP IO he W Ehioncdt R afrofivhledha, 11, casepend to the
uppé, chiddid sod dewenplsasas, réspetivelyt i on of the nature and
quantity of the hygroscopic substance. In a preferred
enbodi nent, a three-phase systemis established before
Duetie & pbysinal paraiee, the dagedanriat reathithé dowenpbaseredcording to the

. the foyrth pha [s.charged first in the . subsections

inviHieR 4 b BERSIPS: b 1qUR TRse A R LR &F JBggHmolecules to
crybadllizevest Bgpargéabphsddsnih thehtdu-phaphasgteynstEurd 7 ahows an

creening .test, the protejn sollﬂiqn of . .

embodiment “of the vessel according to the invention with three recesses. A
photograph with a top view onto a system according to the invention is shown in
which three indentations are arranged commonly at one reservoir. In the middle
indentation, clearly visible crystals have formed. The indentations are connected
with the reservoir through a continuous middle phase through which H,0O can
diffuse to the reservoir. In the middle recess, there is a fourth phase remotely
separated from the lower phase. According to the invention, such embodiments
can also be realized as multiwell plates which allow for the simultaneous or

sequential examination of a large number of samples.

In a further embodiment, the lower aqueous phase may also be replaced/com-

plemented with a phase having hygroscopic properties of withdrawing water with



t he aqueous fourth phase is then added to one
subsection and can again reach equilibriumwth the

| oner phase by the withdrawal of H2O In a further
enbodi - nent, the upper phase may be applied beyond the
edges of the sanple vessels, whereupon the |ower phase
is applied to each sanple ves$et. Thus, the systemis
protected from evaporation fromthe begi nning. Then, a

drop can be taken up from the | ower phase and ap I|ed
resRs <t 18 Wiepzriatien of ibeeRrtmolesHe. g6t RYGTOSERRIE iwistanre may be

solid'8RdP&r F?(ﬁlﬂH';ﬁ%a‘thé hR &!:rn‘l?rl%st Ro 'b'%?cf?’ﬁ@ﬁ@éseq:hehwmhdrawal of water

subsecti on, l'owed by the second phase whic
caaghted qh@neamf mnﬁavesselthe Isustemn tiuch injailves ab@relpoint, which

o5 B3R 0y S RS U AT Y5 kY s yroscopi

substdhae. their lateral wall or walls are on different
| evel s, so that only one or else several indentations
or conpartnents, depending on the quantity applied of
In aherefeqedcembeadienetan tmqwdﬁalseaiyetemhtlh etstBEbHsbéﬁfbefore the fourth

Dhggéié addgﬁerlri(‘e%ﬁgé’rfﬁgﬁ %’E‘i)‘l?gtg'lr'gg Er h P Se(?%oé]ﬁarged first in the

SUBSERNIHNSC AhRHVBE sbPSrdt@Worﬁhﬁf&e rer?i%h'ﬁ‘i’{ §a'nlf§|e0\|r@5%§l Cllowed by
vapor-dlffu3| on nethods. The indentati ons whi ch do not

estadplis hingr H!fé thieenphage syste@Mv.oln asgrrgenivg rshathke Iprrkein solution of
thé:laﬁil% fgﬁtﬁ'{ gara hsls'fﬁt'é#%% %CBHE%JHZ%S%SH %nd can again reach

surrounde
eqprhbsnulmh avitlho the dawer ghase thyathod aethclraWals of lhpOarId a further embodi-

b h
mdisck BR el 4 by BE ARBTEE eanit g EoSE P ke somplg vesses,
wheee@pon tthe dowbe phaes id hpbhédneo @lch Banfiple haessely STths, Itﬁ@system is
tlon%qe]f erlments can be realized in

W de vari et
Protert &m evaporagion fHpm: the 'é’P'”EhZE%“ ? KEPR PR t}g taken up from

th@!‘tﬁuﬁ%‘é‘rt bRhdey ah@ a‘ilj'{aflfeé‘% ®Re %EPE%@eﬁ rsQB‘sé&ﬁJrM;e?tﬁ@pro@é’ﬁrsolutlon can
duration of the crystallization grocess I'n

th?ﬂ @Eeﬁﬁ@'@cbﬁ%dbﬁrﬁ'ﬁp 'ntﬂl? separeteh RHBEL E O afPH@WEd by the second
phFéé @vrﬁtﬁ‘ i9h hde aQﬂéfIF(’?Jl;‘%EI Yl \P'Eh&ﬂy Beébove thfe edge of
I qul IS cap ab

mti ngthe ev ation
thava'tdévidiulabﬁamkmte sgsamn as an upper phase nmay aI so be
used. In a further enbodi nent, the upper phase is a
sheet or cover which is capable of Iimting the
In evarsfeeredormbbdineer; the ondentetiops oereonastmedts engferstheir lateral

wag)lh ari@'aﬁ%%?g bodJHEV%E}eQﬁ%,Sgé 'tl%itec?r{el g;r%g ér{‘%glzts%elta?%&&tations or
coapacantnt, i depaﬁdlhgeonaﬂ'reorqdaemw eappliedhef f ther tsecond phase, can
equilibrate with the lower phase, the reservoir solution, through the second phase.
The indentations or compartments which communicate with the lower phase
behave like classical vapor-diffusion methods. The indentations which do not
~ equilibrate with the reservoir solution behave like classical microbatch methods
because they are surrounded by paraffin oil, for example. Thus, it is possible to
realize both a classical setup and a microbatch setup in one operation in one

sample position of a sample support.

From the approaches shown here, it can be seen that the setup of the crystalliza-
tion experiments can be realized in a wide variety of variants.



phase i ncreases continuously. Since the overall system

essentially does not | ose any water, an end point for

crystallization at which the | ower and fourth phases

are in equilibriumcan be set by selecting the

conposition of the aqueous | ower phase. The m ddl e

phase nmay al so consi st of coemy@dex m xtures, e.g., of

different viscosi- ties and/or chem cal natures.

Further, the m ddl e phase nay not reduce the
Thrd:ugfmmeonppﬁh|pbiase,n§hq5eop@sseret$a!brr no diffugipe rofgthdy érom the vessel

owi?::'I gg;{ éﬁér? rb?t (% Frr})g%f?{cﬁ% (())?(1; odceﬁ_gbgr? g%f?{}r hSmbodtment the

uppet bblbﬁelt ltomn@ plamffﬁrolulplhmwdm,t ayy ofnhldarylsil |oﬁ>ea1I?a$:.her liquid which
p . et ny ol ysil oxanes. In
s GG Oh YRGS e FEPPBRHA 6T hetkn BORh IS SYAied: as an upper phase
ma\QI 8188 Yised NIn RefUrtieH éhbodintent! hé h%p%ﬁﬁﬁ}a@& is a sheet or cover
henyl net hyl'silicone oil, the ralio o %@
whmhvelﬁwapgblmgfsh@w@g Hhpevanpration of (veiter fraqn sbe sy piens.e
preferably contains salts, buffer substances, polyners

and/ or organic solvents. In preferred enbodlnents t he
Th%m@dt& phaseiis selested Wehave astifugon|of F6hfrannthe feurtls phase into

the ! pBUBS AR cDRY TBREAPMAN of HHE M EcBMMELNS n'the fourth

a pref € agueous so
phase imerebsesl contiondasps Sindecthea reeabinpyEtemt essentidle does not lose

an\ggvm%rggﬁq ueoa @gﬁ{ha’rsg{l Syécﬁ‘“%ri&r? f':n]: Eﬁ‘n‘é r'gﬁ'ée; &y]zolé'gé:nd Fouraﬁ phases are

in €qNBHTIBNEan bBscRGyouectig thel @mpbsitibe oftké @gokeas i®wver phase.
is prepared by conbining a certain volune of the | ower

phase with a certain volune of the aqueous solution of

Thé htidahe phade enay @lsd tormsigtr off mmpl@xamibad're‘sard g., tdfedlfferent viscosi-
fouri(h phase, h s a vqu of between é and
PhbE A

ties, -ah VG NAEres- h%r, pthe Hig @r@ﬁérg’rﬂyy ”PFo'iﬁduce the
difftRidriiriBitinlg: prob@r@é@ﬁﬁfﬁee@p&mmgﬁropbh@onately

macr onol ecul'es of the fourth phase which are
crystallized according to the invention are proteins,

In BNferf@¥emboaihenes thé miﬂlﬂ[é' pRERdecEMtBfs IYdHoRY terminated poly(di-
| exes, protein/ligan conpl exes, DNA/Iligand com

mqsbggé@xarm)ot@nd{pRNmf@@wbn@sM pabystlexanasia esBrgRly eghenylimethyl
dir?r{néaf % y%@a?(éelg@éaslﬁr@?cﬂ@nfﬁhcid?? g6 e |ddle phase, its viscosity, in

arge nol ecul
patiicilargi ard, or thsymﬂeelofdetﬂnY@'nﬂtl’mehctm'l&:lO}lsttaEI rated of methyl to

ph8SFH ALY &8 ikiharidhent i on.

The lower aqueous phase preferably contains salts, buffer substances, polymers
and/or organic solvents.

In preferred embodiments, the aqueous solution of the macromolecuie contains

salts, buffer substances, polymers and/or organic solvents.

In a preferred embodiment, the aqueous solution of the macromolecule contains
the same components as the lower agueous phase, except for the macromolecule

and at lower concentrations.



The invention also relates to crystals of
macr onol ecul es whi ch have been prepared by the nethod
according to the invention. The nethod of the invention
is also a preparation nethod for crystals of

macr onol ecul es. The invention also relates to
structures of macronol ecul es ¥stabl i shed by the

exam nation of crystals produced by the nethod

in Bl el Bl AR Bou R TSP s GRofSI< R prepared

by fE@ﬁﬁlﬂﬁﬂigﬁ@Utmaﬂnnv&mw of fhedonbagfasar |itAna (ceptadh VINeme of the
anot her 1 n one vessel, wherein these phases are a

aqyenms salyties ¥ thaaBacromaleeee phase and an upper
hydr ophobi ¢ phase having a | ower density than that of
the | ower aqueous phase. Vessels in which the phases

In & erqfas(@ép@@@@dlm@at dhgnioueth phasg hasfa yoliree 3fsketieen 1 pl and
\Y/ I r rief
10 pRERRE S5R39 Ao AN MfErRORRL B 18 € SIEALY
perfornmed according to the invention. Thus, the | ower
@%ré@yerhﬁog‘?ﬁer{tbk‘%hé’rm%ef'drﬂoteEQ esCIPTRE efou;rﬂ?\e phaﬁe which are
e- phase system accordi ng t e I nvention th or
cmslcall‘nze,ct aaccbmlmghtcpItasebnveatlobea&tmbteusheﬁmﬂn ar\w deomplexes of
var i e Thus, far t.he | ower oMS
mak RIS, S ER SPl e, sFORTLERpt FarPEREsn BPOhEand com-
ple&bberprbaamm\mltomple@c&by PO EatAD A tmnbleecesnwvsegnor viral frag-
t hat_ an ?entlall st abl e Sétem [1izati

mMengs. kit 3?'?‘1%"@ i MagFArBRlecHies ArawRY agd e"s@ﬁﬁ zi'f' gey! Pérﬂf%'o'og'ca' or

syrthetic Yritih can H@&%Val@z%do%c@r&hp to"th&4nvéstigrkt hod
according to the invention enables relatively uniform

and large crystals to be obtained. The nethod is

Thelin@ritiord agb remtbetd erystarbrithgblomdieaiies whieh Bkee Heled prepared
probl em of evaporation being avoided even if |ow

by &Daﬁmﬁfh% agronshing &p e '&Y%”h%‘éd'rh@éﬁ%‘iﬁ‘ﬂﬁdn@f B iMention is also a
pr@dﬁ?@@bﬁ?ﬂébh&%?%rﬁtﬁ!srﬁf rAbcidrhdie&ee! | contacts with

the sanple support, which results in a |ower nucleation
rate and thus in larger crystals. The protein drops

Thé""’Wﬁeﬁtlbﬁ”Bgsn?é?é{%ssf@%%r&?ﬁegxbf t?h&crlo?rﬁﬁe&lég %&bﬁ@shed by the
fects as conpared wth classical nethods, which

exmmﬂthﬂ eficrystals psodicedhiby the matbpdiasgorsiag teralye invention.

eval uation. Due to the presence of the second phase,

the skin which often fornms in classical nethods and
Theninyentignr alsedselgirs deop thregurhasgd systam cloretig | @ystatization of

ma%?t?rln%'ieé?ﬁ&dl |@I‘i“%h|‘ éﬂglﬁas apé otnhﬁ) O-Y%tn%lg -FI!%? in, one vessel,

ection of € provides an ional
wheeeianiese pmaslesraaepedbwteo aclmeodyrmnases aomiddie phase and an upper

hydrophobic phase having a lower density than that of the lower agqueous phase.
Vessels in which the phases are juxtaposed, for example, in microfluidic systems,
may also be conceived. The three phases are preferably liquid. However, different
embodiments may also be performed according to the invention. Thus, the lower
phase may be gel-like or solid, for example. The three-phase system according to
the invention (with or without a fourth phase) can be established in a wide variety
of ways. Thus, for example, the lower agueous phase may be charged first or
inserted later under the other layers. It is only essential to the invention that an
essentially stable system for crystallization is obtained in which the phases are
separated from each other as neatly as possible.



setting of the end point, which co-determ nes the

nucl eation rate. Depending on the enbodi nent, the

system may be taken out of the supersatu- rated state

after a nucl eation event has been observed, by adding a
- particular anount of water, for exanple, to the | ower

phase as a reservoir solutioniZthis nmay prevent, in

particul ar, the formati on of further nuclei and thus

result in lar protein crystals. After the crystal
Th%r@\mthoéf aeGRs WSI ttPthQ:r'S)‘é,%réq'fPfF Anakies Hglatively d#n'form and large

cr\)@%é ecb Bﬁ%b‘iéi%ﬁd TREWABYod ¢! %ﬁﬁbl@g fé%etoepéﬁbhﬂrér?@hl%rgy repro-

e crystal growth can ual reinitiat
duahlﬁ ﬂbetp«eblqm @ﬁ@tvenorrayloade aaocmdce,\rﬂrr rzﬁtlcs'v gluanhities of proteins

g hE60 DLERbBAR oL GF SR oo FRiE BRGRTaE AT B Tl eBntacts wien

thengahgai i ippoft)i @hichstdsuttsi in ai loglee MUYSEtRIrs rafe and thus in larger
stantial size. In confrast to %ew ousl

cry,ﬁ;_qqﬁ.oage ([@Hg%;gﬁjrow E\avey hwg@gpo EWFFPF amégggnblig@s disturbing
efféd4- 44 )oort pir-edeflithusiagfed ﬁﬁt%d§eﬂhﬁ:¢l §|)‘|$f$lﬁf§'éi h?etﬂ@ds of image

[onger necessary due to the |iquid nature of
regondisgsandirnage evaluztione Demi@oﬁhmﬂesemﬁe%tnssswondgpm the skin

whgcgﬁsglét'ehe%rn%r% QaEBXalbﬁeEﬁ@d%qéﬁg VWHEH s%ml.ﬁ\’(:fsgﬁe drop |s avoided,

I nuous noni serves for t tectl
whith ensbles ameasidr handlmg)andesazlhaoa@féhe xaystels. dhet :haslectlon of the

i@ e PRS2 BreRione! Py R RE tR dyPmics of the

settingsef Rl endrpomtandicrets-detdrngides ties pecieatiby ragi.hods of
dynami c light scattering are suitable for the detection
of nucleation events, because they can detect nuclei

DepenslirgpbhtheReswoldirneaet, . the. systdekmay be Raken ouylsictta supersatu-
Jour nal Cryst al

ratg/ld;zqtggg %ﬁérdgkﬁgéleglon [ﬁvgpkg'nasK%eewtgﬁgvvgJ; b 199cl%l’lng a particular
amduek loraister MdNexaQi‘;ﬁkéefb the Idwer pifdse as éSeservmr 50|Ut10n This may
Crystall ographl ca, 2002, D58, 1597-1600; Spra

prav@steyn parNculagy ébgcﬁqrma}qon ok fudher nuFlep an ggas result in larger

pr%ﬁﬁétﬁg RRLC e 3P ! Pé&th ]tﬁ‘ltrhel Al crg}ﬂ:élhfétaori F\%cleus or

on process may" a e stopped y pi petting o
nuclet has didibwed p:lmebbwcwe:vrm g reguiibsivind istateptheueoysial gfowth can

t 1 gldl ' I
ve il o BRATED At HheE s Mdred oy e 1, songeprete of the
predisisatiem deddent drm/\BygmdsaepiC|smUshThC{ee|sm the resdrmoia solution without
nment nitial solu

BT rEPRMEA TS BTIR e By P 1 IelE chEstaer 77, Somantdl size. In
corgtgggt:ﬁﬁ pPaviadéel esthsed MdtAbas REASfenNNEE. ; UhErysi2e Growth, 1999,
196, 434-41), the tedious opening of sealed systems is no longer necessary due
to the liquid nature of the phases. Further, in one embodiment, the crystal
growth described herein may be realized with employing continuous monitoring,
which serves for the detection of nuclei in addition to the characterization of the
solution parameters, such as the determination of the second virial coefficient.
In addition to the classical image analysis methods, especially methods of
dynamic light scattering are suitable for the detection of nucleation events,
because they can detect nuclei very early (Rosenberger, F.; Vekilov, P.G.;
Muschol, M.; Thomas, B.R.; Journal of Crystal Growth, 1996, 168, 1-27;

Saridakis, E.; Dierks, K.; Moreno, A.; Dieckmann, M.W.; Chayen, N. E.; Acta



Especially the determ nation of initial solution
paraneters, such as the second virial coefficient,
nmust be realized in such a way that no concentration
change affects the solution paranmeters. The second
virial coefficient enables conclusions to be drawn on
the internol ecul ar interacti-ohks-bet ween nacronol ecul es,
which is the basis of the non- ideality of a solution

with respect to res ure. osjtive
Cryr#od o856 1408 S ar ek LG SPETGs, E r ERHPorS A-; Kreusch,
A.;Blidg ﬁﬁg%dts%r\#bfélﬂgraﬁm%f 2902”%8”@9@%9115§23)h
‘attract’ive'interactions. known t hat a siightly
negative virial coeff|C|ent of ten pronotes

Fur@ﬁé‘ﬁtﬁ'lé 'diffﬂﬁén@r‘i‘ prBl-:'ésst %@B 98| é’to?%@ét wep yé'dtilrh% off the middle

results in a less ord ere precipitation
phage bynyithdnawingar auiicientamountyphping mdd@ghas@gog dlsruptlng the

qul.i_g @un@%e@ﬁe%gr%%m%q‘%ﬁ Zymﬂ{ﬂi‘@ﬁhﬁhase and the

10wb995has%7ﬁ1, tHD PesElOpir. Bh rcerefermed erebedimentydnitiae sekrtimmdparame-

teringhal . Satgnmiined oo el P e B SIS BoSins g adding the

middietgHasEasidRheUdperahadef i ned sol ution paraneters,
such as a constant salt concentration and constant pH,

it is inmportant that the solution paraneters renain

Esﬁéﬁ'@tyaﬂ‘te &l PRRNBtRRY 6f RlitiaTadtutidH PaRIMEteRs Osubhaéd £6d S€cond virial
o%%pthe di ffusi on of water nol ecul es to the reservoir
C

igpEomustiie realizegsiny shd nwardhphino spnesateatioroghange affects
the Es|..rﬂf2>\ﬁe}oara?rhefé#sa€rﬁer§ac%dt omawo%hr&ér& ghélf)l%'&fhclusmns to be

process s initiated onl after econp etion of
dravgaguy ghe rmtﬂrmqmtﬂamlmtemr@ laetrvwegerbwamﬂqmqw@ whfch is the
C t |
o2 8 G e IS0 L o ) LB 8, R pressure. 4
poﬂ;:hveevnpulaameﬁidemtmnamcanedi repuisivé heternaceons omhileora negative virial

cryst Ilzatlon or,. for rratedsreejn. .
codHRRE RIS 6RarpHi SR8t aRrerk i Tan R ity S <Highy negative
virdlidoREient’ BfteHSErorhbtisNcriyRealFERRA, qfutatﬁaetrratreghly negatlve value

robot - assi sted nmethods. In caonparison with -

restitgsisi & esnefdesad P"§F'QHPF'PB&(I§Q°W‘P€§9 ¥lsear Mﬁﬁ'& :af\eta Crvsta”O-
grdpificd " €694 TS 0! %ata@sstse reelAy @Hpﬁg{ eyt h@msotaut nP&Sshahi,

successively. In a preferr nmbodi me t he sol utions

Cabr., papomel W, Methodhdn Snymainget 1682, Ades di9r-a0) eSince, for
cofiE b espOia dndEocOBhY 800 ek RS, SOUETIG measure-
menitt is aeqlizast bvesfaee:bnoenﬂrhteoMéeenear of rtbel oragesmolecule at defined
solggggn%e%%ql\tlgv{)se;ﬁ a%?s%‘ QP %BB{ %?Itt aconcer?traaor?nan'dq\égnsvtgﬁt pH, it is
important that the solution parameters remain constant between several meas-
urements and unaffected by the diffusion of water molecuies to the reservoir
solution. This is possible in the initial batch mode of the novel method according to
which the diffusion process is initiated only after the completion of all measure-

ments within a sample array by adding the second phase.

In particular, the invention also relates to the use of the method, the device and/or
the three-phase system according to the invention for automated crystallization or
for automated screening. The method according to the invention is highly suitable

for use within the scope of automated robot-assisted methods. In comparison with



The invention also relates to a device for the

crystallization of nmacronolecules in which a plurality

of sanple vessels are arranged to forma sanple

support, said sanple support having a continuous edge

whi ch extends hi gher than the openings of the sanple

vessels. Wthin the sanple vebk%els, there is the | ower

aqueous phase covered by a |layer of the m ddl e phase.

Since the sanple support has an el evated edge, all the
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14. Figure 11 shows a sanple support accord
mctlwdualesamtwegﬁelwlﬂhomm@odlme WO (@) mqrat@raple vessels may
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co%gﬁlf:%&a[ Eli}%pﬁﬁsmlessé%%%ge E%%él)fgp%g? 8 8 q{aﬁﬁzﬁg%‘;fuotch in the
lateral dtotwtdaci ofrtmcsepanajteedarﬁ'nptawemls e}hahhlel logverpaindseois applied to

| Sych I
only,) GpRr PRTRIE Hestels Y 1R ErPogiREye ahALhe dGies FRBEE M the other

samly vebsdéls S@fpplacesuipontample] beXRePneddi&pHeze)hen the dynamics
i nj ection-nol di ng nethods, which bodépcont ains all

of % (ENCoPOINk ESERRINEUIEN s EhieS B PUFIGALIPR A4F 428 be nflienced by
thd TewEPWhhBs &dprhdiRABAt®e distance to the sample vessel. This enables a

screening of the influence of the dynamics of the end point determination on the

quality of the protein single crystals.

In a preferred embodiment, a subsection (indentation) which is separated by
lateral walls from the remaining part of the sample vessel exists in each sample
vessel, wherein the lateral walls are lower than the lateral walls of the sampile

vessel. Such embodiments are represented in Figures 11 to 14.

Figure 11 shows a sample support (1) according to the invention with sample

vessels (6), lateral walls of the sample vessels (4) and an elevated edge {2). In the



tions within each sanple support should be held by
smal |l lands which are designed to enable filling of
the outer conpartnent by a single application of the
upper phase. How the dinensional stability of the
sanpl e support is nmaintained when fornmed in the
production process is known-tld the skilled person. The
finished sanple support is then obtained by bondi ng
t he gl ass plate adhesiv to the bottom of eb
sameles\a%iﬁeé%g ﬁt'.'qmsc&%%'ﬁwh ighaig ﬁﬁpﬁﬁ?éeé [51
RRAIRe dalifple VeSS R} BEralaIRg3YPdi fied by known
pa thoﬁs Eﬁjguf?ace t reat nent, qsggh as siliconization
or silanization. Figure 12 schenatlcally shows a
sutieeidhplé &yb;sa*rt RaMd b5§|y ﬁeeacr.tzéew hfswaanﬂn@aareb&y of a sample
support accor Ing to Figure . Features
suppeat, fordexample, Fbyg&newmllmem@n m@ngs'npﬁwis cwhlt:hebodv contains

all Eg&%?ogﬁlggcs%lﬁu%l ];sgﬁp% Q)(%ﬁ)%’ﬁg? Ihé 5@%%‘?%ef/g@ten§w 'I(IESI’IHEH indenta-
tiof(lj"@WlﬂﬁN@bﬁhﬁ?mplefsuppyﬁttfﬂwld berrmid bytsvl\mhald :]aMdShNElICh are designed
to 5PbiE THINS Ok ipeed SapOrToeTelE Pas SIS GRPIFON of the upper

ph&$1eHBi the eRneAsBhal bﬂa‘bllltt/h@f frusbhpdasp obtsiéahﬁa{nmed when
the spherical formof a drop (rather than elllpsm

formee doddenprodustion DfQF@5$é§s|éﬂ'C§NVvaH°| she skillesh pgrson. gU?% finished
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sotBie B0FRR, LT, Sy Sefuga e sEntle aanesvey to

botosi of dme bogyt Eofsuupressylsy@ophmatmtﬂfaebtmWt’rethtsffua'hh ipbase, the

b5 N2y o8 B Shobe AT OB iy, such o

silicemizaabn pesilbhigatiand si ze of the reservoir, it can be
easily used for mxing the conplex precipitation
reagents. The four conpartnments for the fourth phases
Figuearisctaingatiddlly dHveve e datevali viewafea t/hrtmag bection through a sample
i ndentation .in_the dy. of the sa or,t
SUBRRIE GBI AL oI 140 bEaIrePsl Fadooth PRIRRt 3, M Figure 11. The
aqgé&§§ phb&e hehe ahgcrdimdlbagkl (geuﬂtﬁ eHaeey 80fis aidedawpite separated
pport can be realized by bores. The connectign

SU%‘@CW@@ﬁ &Eh)eofcam ﬁampdx%yeﬁseiﬁ ©3r ThRedgyelermephf ghystals is moni-
torreﬁagl E@?Sﬁofmaéié?ﬁﬂltes ac?rﬂcr%%cﬁﬁé"\d%@ﬁ iDYprBlidedNBelow the

%etmeen t p05|t|ons di nensi ons are
sasm edppartmln daviatians frami the sgherertie rapresesfaiien, ythe fourth phase
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the vessels walls laterally.

Figure 13 shows a sample position of a sample support according to the invention.
Depending on the sample position, up to four crystallization experiments can be
realized. In the center of the sample position, there is a compartment for a
reservoir solution. Due to the central position and size of the reservoir, it can be
easily used for mixing the complex precipitation reagents. The four compartments
for the fourth phases communicate with the reservoir zone through an indentation
in the body of the sample support. The bottom of the sample support is made of
plastic or glass. In the case of plastic, the body of the sample support can be
realized by bores. The connection between the central position for the precipitation

reagent and the compartments can be realized by milling a land between the



sanpl e position of the inventive sanple support

according to Figure 13. In Figures 11 and 12, the

| ateral walls of the subsections forma ring so that

the subsections forma circle in the mddle of the

sanpl e vessels. To the external part of the sanple

vessels, the |ower phase is -atfdled to a |level which is

bel ow the Il evel of the lateral walls of the

subsectjon, followed by a drop into the subsection or
PositigBEct hsr@merﬁ@%qa%ésatgel Dt MBAMEEEThanGrgRi FEIee: a5 cexemplary
valikBe fourth phase) is added to the subsections before

or after the three-phase system has been estab- |ished.

The m ddl e phase is applied in such a way that the

@v@Sf@t¢&%ﬂ&||§' lsrh&;ds 5RANGIdY AH § Biafaaﬁa%@gf@ﬁ through a

annular | ateral wal t he subsections 1Is~covere
sarmplexpesition Qflrtéermwhte/qomme Support wacadinmte Eigues 1<San

diffuse fromthe fourth phase through the m ddl e phase

into the | ower phase of the three-phase system In a
In figsfresrield aprbbdi thenlatenah avalispefr thedgrelssestionh dotrat @rag so that the

sul c!t%ngffof'r“ea %H%Ee%#&%néhdcﬂ% g)&&fxgv' de Me{tﬁﬁh@%. gg\étﬂee%fternal part

opl ng Tnwar d SO {
of tl$e sdm'pfb@tvedselslt thd hevesyiiesetis (mideblrtoaa faudl ReHich is below the leve!

of BB Iaar R el % BB enifins Hellowsd it Pefidin TH8: i subsection or
suthgecliond! tThRY agiBeds neitidric Whes ni'a%r@ﬁw@lé&:)e ('Hh'@ fourth phase) is

subsections for the protein solution are provid

added tadhs -’d@&ﬁﬂa@n-’r &g @d?rraft@'rt"tqﬁﬁmesmaﬁﬁw%ﬁem has been estab-
; i Ij rat

iSRRI ock i SpplefLAGR, 1P HFELRY BB ERPore e
withhidhe m@@emrmse @yistmnsultah@tesajtvaaﬂ pEtieisalssachionbéenovered by

ri : h t 1
o FEP60. oA (AP ec B R el e our
phate theuganbleemiddie @hasé Gjto the lawknphbse of the dhmenphaddgystem.
subsection is elevated with respect to the bottom of
the sanple vessel. The elevated region is belowthe

In aparifagedfent bedisamt) thevappet eddes of the tberal w&lﬁ;eﬁrthé subsections

arqeggéj\ﬂidgﬁ&&im 83%&"83 | Mfmﬁﬁaﬁhisprﬁﬁ@gﬁt vael \éscﬂ%\ég when applied, is

direatuine® ohé sgbsddimn. nvention are illustrated by Figure
10. It shows a part of a vertical section through a

sanpl e support (1) according to the invention wth

In %a"(ﬁﬁtrﬁr\@ﬁsedhﬁne(ﬁtﬁ}he |dtetdl evetBFAhBBABe MAGOAS or compartments are
i ndent at i ons(xfﬁ %\t el evated over the bottom of the

disfipgeished iy, d BeighEs-ough which the sol ution of the

In a further embodiment (Figures 13 and 14), the subsections for the protein
solution are provided around a central reservoir for the lower phase. Especially in a
first operation, this design enables a simplified mixing of the liquid for the lower
phase. The three-phase system is then established as has been described.

In a further embodiment, the bottom (1) of the subsections (5) is at the same
level as the bottom of the sample vessels (6). In a further embodiment, the
subsection is elevated with respect to the bottom of the sample vessel. The
elevated region is below the opening of the sample vessel. In a further preferred

embodiment, the sample vessels respectively have at least one elevated indenta-



macronol ecul e is applied exist in the individual sanple
vessels (16), of which three are shown in a row. The
sanpl e support is characterized by an el evated edge (2)
whi ch enabl es the individual sanple vessels to be
filled wwth the m ddl e phase, and the m ddle phases to
be covered by a conti guous Ia&%r of the upper phase.
This significantly sinplifies the process of prOV|d|ng
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th%éwegﬁe ng ®% o (6 Covsiret Ry gugBiaucys, laver Oﬁéh‘ﬁutmney Rftase. This
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phases are__interconnected. In thi's case, only singl
theygpveetaenodheofinderiationetl Phisa separateddsebsestiione (aﬁm which is

seﬁ&%té’(ﬁ’ dﬁrlnfﬂ‘?eg????éréﬂgesaﬁ"fnéltg%ggelw Eh@@t%%mﬁls 3). The top

npl oye i ons of macr onol ecu
poaJcmst of tee taratveallsn(13) ofetheesibsetian a?eﬁgWer culaém mbel lateral walls

h .Thi nbadi
A8 B aR eI Jssait A e e ababa e aeatisrEg, fh g tase (17). The
dirb®esibny eaid oelatnepée YesRebated eclp@matlcampnedr &ln @specially em-
defin | evel bel ow ﬁhe el evat %d g@ so that they are
E’GH th syitaRlg

Playfdyroboh R¥RtEEY 3 RRTP!S SLPPYE Y (HIMeasins W ’be'selected.
st ab| I|ty of the sanpl e support, for exanple, through

a Inschsa | e supports, a drop of the
In Pég'ﬁ'%‘&ﬁ% PYRSESHON ($ slﬁ\«aﬁefgﬂa%yh% Boggm of the sample
vesRd! afdi the P@rﬁaﬁp@é R o tﬁedéém?ré t,@ssazl dbGE’ ik thaesubsectlon is
| ower phase. Preferably, the bottom of the sanple

pagt!ﬁi\yoptr femalatelyappgn hefimbloe reditem, /qyithak alloshe dawies phases are
lntgurt ercﬁa% IFL\‘I‘:\% cdde i) El'ﬂ%@%t %@%,Sma%ﬂ%?"tﬂgﬁaﬂé‘ﬁ phase, the middle

er opti measur i ng can be recurre
phase arte théla.lmremha:m st ofe tefifectard. uThisnemdrodineert s employed if

arfBhe sy of 8 Bt BRRRCIRL S6.5E bioblfbl Wiy gospect v -
SInrineaslefoedridWGr phaeba?hlscehbghtmemat:arerbengéal‘&eﬂ also if, in a sample
suppou% tﬂ &gvat%rgicgc%er aatclc:c?rrésr’lg %o the m%len‘gon sample vessels are posi-
tioned at a defined level below the elevated edge, so that they are only connected
with each other if required by the stability of the sample support, for example,
through a grid. In such sample supports, a drop of the respective aqueous solution

(fourth phase) to be tested is then applied in addition to a drop of the lower phase.

Preferably, the bottom of the sample support is optically homogeneous. A glass
bottom is preferred.

Thus, in addition to microphotographs, further optical measuring methods can be

recurred to for the characterization of the solution parameters and/or the biological



di stributions, but also thernodynam c paraneters, such
as the second virial coefficient and/or hydrodynam c
paraneters. Further, spectroscopic nethods, such as

fl uorescence ani sotropy/fl uorescence depol ari zati on,
using intrinsic or extrinsic | uorophors and/ or
further polarization- spectros% pi c nethods (Wnter, R,
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in E|B§SI%QQWH@@§S W@@fshﬁ’h@b ndbé £yl t‘h@ir‘"s draRdfo¥graphy, the
bet ween 1. ch is a further advantage in

drapseofaiin rra%thpsrpr@;ﬁemeél lam'@ma exbibil betder renditass for the application

of fHY 598 e nﬁ@t&lcmlﬁf R‘Eftﬁ@%ﬁ Ceép@ﬂ@gt h{]r%wﬁl%ggpﬂe%nﬁﬁg geometries.
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. d t Ly Kk '
B e O R gBR o ab Rl b RS P8¢ metnoos as
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recli pitate 0 S WwWe as apt e
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the hfdenaphidd empilyddgerdir fsemnﬁn PrERGELELEtWEer he4 and 1.5, which
crystallization eéﬁerl ments realized allow for the

is & furthanadventageathe @peticatian of e ahene Braptioaedimathasis.
condl tions after statistic evaluation. Further,
aphic images and other paranmeters can be filed
Furthelé 1%@ BhoRgsaphiC idRges @ptg[nﬁp@%@gw pargmeters can be filed in a

da&“Bﬁ?Q%”ér‘mé(bl%”élms% ﬁﬂﬁ‘ﬂ )éﬁbg/n%/ of 'Eﬁe Q{riﬁ%ﬁiz%héﬁ‘té%énments on a

experinents on a CO ut er nown
corapatersiandiert Hodapplyukmowr Imag‘eeaealtysal methgds.asutly sas differential

im Q/Qr'iaﬁggeaggio‘?cghgg'déte%ﬁon. Known methods for the evaluation of
precipitate morphologies as well as adapted NMR and ultrasonic based methods
may also be employed. Then, the evaluation of the different parameters of the
crystallization experiments realized allow for the systematic derivation of new
improved crystallization conditions after statistic evaluation. Further, photographic
images and other parameters can be filed in a data base by means of a microscope
to subsequently enable analysis of the crystallization experiments on a computer
and/or apply known image analysis methods, such as differential image analysis

and/or edge detection.



The invention also relates to a device (1) for the
crystallization of macronolecules in which a nultitude
of sanple vessels (6) are arranged to forma sanple
support in which at | east one subsection (5) separated
fromthe remai ning sanple vessel by lateral walls (3)
exi sts in each sanple vessel- %), wherein the top
portions of the lateral walls (3) are |lower than the
aracter- ized pn that
Th@ H@v%qrb sgfre?q{@sigrﬁ)agwggéél,f?r H-ée B'MSFQ:'HHRP” o* macromolecules
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ed%ﬁestﬂ'%uﬁéihghﬁ@wﬁéée%ﬁ Qé’t&@ﬁ@r&%ﬂ Wit 39V agsbbdidtent. The
e detectidon of the crystals ghlyfamlltates

sampie cUpperofcaor het pitepaned iinga ng bnanegmand ys alsn gyitable for

pe&?#r@ﬁi Sgﬁglkﬁgérggﬁyhfgglghlﬁiﬁpﬁ@&g ea‘?%lclg'é %_fsg 'e'}?'éﬂ%‘ﬁ%e variant with
anigptioatly dhvomegesgms Iadatltgxr.rsa:t t:abiparéabrto axistimag smplmaupports Over

using. robots e ve s ca
the kil HahneoWhrte SStplo LopBeS USRETel iRbrifusion experi
me&ftg aﬂﬂ@ﬁpt;&alﬁd g@tﬁw@gaheo@ wftethab@N@ advangage it ehe @letection of
| e support (1) accordln% to the jnyention for the

th%tﬂ%ﬁtﬂ%d"%}é‘h’f foHates detegtionc Pl Grystels, AevEY NeBrRdRic symmetry
us@%‘él%tﬂgnﬁ‘éh ﬁ%ﬁﬁ’é&@ do M8 %b(sgr)ice SPHPLPInYRASE lefreibor ﬁfédpolymers

I ons befween the sanple vessels™(14). The sanple
support is characterized by an el evated edge. This

ThE'c&Wldé §¢dmhinfgl @StHeBvehtd9ls @@%cﬁetwoku%bﬁ@fmenﬁuzat.on using
he thod: THe | ower aqueous phase is added to each

rotystﬁpﬁawmber ofTemBler Yessels €an Be @sranaed oy oae|sayaplesiupport (96
| | |

ol HEE BARRRT, Rl SRITGRED Kghtld o lenf B S suppor
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| awed b t
megfopheifar SISBLE ' (D vae vEESF T S spBlfls between
thekbeple vesseld I(lnazmurface Preferably, the device
according to the invention has such a design that it
can be used by current robot formats. This is the case,

Theareplenplpport fs ¢Hagacterized by an elevated edge. This highly simplifies the
robot-assisted performance of the method: The lower aqueous phase is added to
each sample vessel. Thereafter, it is covered by a layer of the middle phase which
preferably fills all sample vessels beyond the level of the indentation, but to below
the edge of the individual sample vessels. This is followed by covering the whole
system with a layer of the upper phase. This prevents interfering meniscus effects
on the surface. Preferably, the device according to the invention has such a design
that it can be used by current robot formats. This is the case, for example, if the

sample support has 8 times 12 sample vessels with a pitch of 9 mm in a standard



sanpl e support has 8 tines 12 sanple vessels with a
pitch of 9 Mmmin a standard -20 96-well fornat.

St andards |i ke those of the Society of Bionolecul ar
Sci ences (SBS; www. sbsonline.org) are known to the
skill ed person. The edge of the sanple support is
sufficiently high to accommod®e the upper phase.
Preferably, the proportion of the el evated edge in the

t ot al helght of the s le_su is from?2 to 50%
o6 vl ity SRR S e 300be (36 18 BPEIeSY ZEEITP GRS gnces (SBS;
wm@@%/b alliel Y érgﬁ dFe A fo BHE 9}@%@#@&# i ndi vi dual

sanp e vessél's can have subsec- tions (indentations

according to Figure 10 or conpartments according to

Tm_flegrig of thé ﬁrﬁpl%%uﬁ;?mr@tﬁﬁra&nwtrﬁgﬁltow@!:éo%mldaa@e the upper

e vessel, one or nore such subsections can
phaseaRiieferably, Wheaprsinortion acthengleretad edgeds the tqtghh@lght of the
f, r t

sorfp s 1 ik, 1l SHAT941098, RS 15 3098, BRI ool from
1046 @@°di ng to the invention can save a nunber of

operations, which highly facilitates the use thereof

as an automated process. The automated performance of
WHeinethe mhetthodsissawtionzatey, shephdivietsiat satmpdé vessels ceet hads subsec-

. acgordin to the pri it _enables.a d 1 C )
tiofS & PidRyteions akekraitd £ Fliires Dl seariBRATEng ABRING to Figures
12 Faid her), séparmtéednibyt memswanet hods samewaisskl, Pood eurﬂmore such

can be realized, in which t protein js added to
subseqbiRNEL $h qehPlSeS)ﬁ'ﬂtc ok Wéaﬁ&ﬁ%&r%lﬂﬂq”&ﬁ“%? A3r t"h F'QU"E 7. A

pIuPQI?oze)::f"iﬁéeﬁﬂ%@l’fo%darb@fo?r@omBEﬂ-t%e‘?ﬂ@brh%? 8IsbeBECA¥anged beside a
consunption of chem'cals and sanple supports. Befofe a
resehy@e- phase system according to the invention is

established, it is necessary to select the mddle and

upper phases to obtain neat phase boundaries and to
Theseemiodimente sceerding dethefinpentias can save a number of operations,

D, C

wri BIdHy e R4iREhs e RS 20 AdloRRER Bcegi i putomated
peltfbanahhatof(lhetmettmd nstsumnladfy sitmple pachatrof betdfenmﬁuods according

S%rlgg\%,%%%gn}agfeg ggbggm?égéﬁtﬁmgpgfe ?ﬁj 'éeE |da$6|99 agfg a metastable

state. Further, time-shifted test methods on several proteins can be realized, in

which the protein is added to an indentation into which the aqueous sclution
(fourth phase) was charged before. This enables a reduced consumption of

chemicals and sample supports.

Before a three-phase system according to the invention is established, it Is
necessary to select the middle and upper phases to obtain neat phase boundaries
and to provide the desired order of phases (lower/middle/upper) by adhesion and

cohesion forces, inter alia.

The upper phase must have a lower density than that of the solution of the
macromolecule and must have properties of inhibiting the diffusion of H.O. Paraffin
oil is suitable, in particular,



To test the mddl e phase, the individual Iiquids for
the m ddl e phase are respec- tively covered by a | ayer
of an identical anmount of the upper phase, followed by
i ncubation at roomtenperature. Suitable liquids wll
forma phase boundary which s stable over an extended
period of tinme. To test the'é%bbr perneability of the

m ddl e phase, the known crystallization of a
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is éﬂagl@ @v&@?@xf&‘hd&@ BaRIEek tirpebsequent |y, the setup is

observed over a period of several hours to several
days. If the mddle phase allows water nolecules to
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Iayer of the m ddl e phase. If the niddle phase does
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No.: 1.07174.1000) is used as the upper phase, and a

conpati ble m ddl e phase is searched. Instead of the -
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pro%e?‘ltlfeaf; uo | %ne IUBEIEP Ip asg %ﬁg ps(\ersteym is additionally covered by a layer of
paraffin oil which should be at least as thick as the layer of the middle phase. If the
middle phase does not substantially influence the diffusion-inhibiting properties of
the upper phase, formation of protein crystals cannot be observed, or at least it is

significantly delayed.

Examples:

Example 1: Test of the solubility of the middle phase in_the upper phase

Paraffin oil (Paraffin, low-viscosity, Merck; Ordering No.: 1.07174.1000) is used as

the upper phase, and a compatible middle phase is searched. Instead of the



and an appropriate density. Table 1 contains an
exenplary listing of the tested |iquids which conprises
di fferent pol ysil oxanes, random copol yners and a bl ock
copolynmer. Table 1
IPon(dinethylsionane-co-nehgzlphenylsionane),

trinmethylsilyl-termnated; p yl met hyl si | oxane

content: '50% viscosity at 25 C. 100 nmZ/s (Silicone

Ol AP10 cker-Chem e GrbH) . ep e
parEfi i AReE A GBS SHeb i erg 1% Aifbisipnsjnhibiting property
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content: -50% viscosity at 25 C. 200 nmZ/s (Silicone

Q1 AP200, Wacker-Chem e GrbH)
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diffesrntepelysiagmesy randamncppaty mers@ndadlogknegrolyseri cone

Q1 AP500 , Wacker-Chem e GrbH)

| VPol y(di met hyl si | oxane- co- et hyl phenyl si | oxane),

trinethylsilyl-terninated; 138 net hyl sil oxane

content: < 50% viscosity at 256 C. 20 nmR/s (Silicone
Ql AR2Q \Wacker - Chenie CGohH)

I vRGol(dimethysilixaogasremeshiahepysiexgnel; tameskylsilyl-terminated;

cqRTERY 8o EhE BRI ERY FREH) B AR A0 monds
Ol|l(SAR268,0il MaLRE; Wetkai-€hantie)GmbH)

\/HPalarldi-smvert- byl - i-tl-avvane—ee haon
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I PRI B e PhERY SeLAyR)s KGR -terminated;
c dipiheplyimetHhiloxahe aomitént: 5% ; GischbdR)P RS (W0 hodhs
-Gl _AR1000,. \Wacker-Chem e an:%ﬁ

VI |(B8icppai Gik AR¢PA; Weickae-hemjai@rpt er ni nat ed, about 25

TS 5SS AL | 7 rom—" ,
L P T Tl D el ] Yoy IRk rietivilyt terminated;
65 phenyhmettyliqxangrmenient i~H)YOviknosity al@.S ° 4 85A® Brsf/s

e SCUCE T AESBh: URREGHERERIEH No - 45, 207.0) - 23

1V XRFHoy (dinmet iylbitddameare methiyiptizh il Sk dyd ), tarBtigkig - terminated;
phenylmethylsiloxane content: < 50%; viscosity at 25°C: 20 mm?/s
(Siticone Oil AR20, Wacker-Chemie GmbH)

\ Poly(dimethyl!siloxane-co-methylphenylsiloxane), trimethyisilyl-terminated;
phenylmethylsiloxane content: < 50%; viscosity at 25°C: 200 mm?/s
(Silicone Oil AR200, Wacker-Chemie GmbH)

VI Poly(dimethylsiloxane-co-methyiphenylsiloxane), trimethylsilyl-terminated;
phenylmethylsiloxane content: < 50%; viscosity at 25°C: 1000 mm?¥/s
(Silicone Oil AR1000, Wacker-Chemie GmbH)

VII |Poly(dimethylisiloxane), hydroxy-terminated, about 25 ¢St at 25 °C
(Sigma Aldrich, Ordering No.: 48,193-9)

VIII | Poly{dimethylsiloxane), hydroxy-terminated, about 65 cSt at 25 °C
(Sigma Aldrich, Ordering No.: 48,195-5)

IX |Poly{dimethylsiloxane), hydroxy-terminated, 90-150 ¢St at 25 °C
(Sigma Aldrich, Ordering No.: 48,297-0)




Hanpt on Research, DM5 G|, Ordering No.: HR2-593

Xl Poly(3,3,3-trifluoropropyl nethyl sil oxane), Hanpton
Research, FM5 O |, Odering No.: HR2-595

XI'l ((N-Pyrrolidonepropyl)-nethyl sil oxane-

di met hyl si | oxane copol yner (ABCR, Ordering No.:

YBD- 125, Celest Inc.) XiII1Pol33dinethylsil oxane-co-
nmet hyl ( 3- hydr oxypr opyl ) si | oxane] -graft- pol y(ethyl ene

glycal) nmethyl ether (Sigma Aldrich, (rdering No.:
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eging MNen: Wlﬁﬁzﬁﬁ'ﬁtéﬂg Jeach of the |iqui d

e
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sheﬁdw@%ﬁ |eﬁém?y@ﬁedglgw§lnﬁ>éth9f effe® two liquids into

one anot ours, this is partially also

t hdSigra Aldtih) Otdering NOTrﬁ,&mﬂh@ liquids 11, 111, V,
)(VE)”o tPéJrY1 []'d’lm\é\:ﬁ Iaﬂd&(étnéa?éo {r{%thyl,@"a‘ }Sr%ﬁ\'\égﬁc}silc?ﬁeneﬂ' ©

net(lS@ndeQddncb,eﬁrmer@ No T4~&,2|57e@1) ds IV X and

ige |°df ?%0 Vg'q’io sur prl se,
beqam|(Drde$|r@quyd|mml4$|de¢mnac()DNB) as used in the

0|I to render it nore open “to diffusion. Li qU| X was
contenplated in an exenplary manner. Exanple 2: Test
for glffusmn roperties of th mddle hase The m ddl e

To spued glass ¥es 'E‘ ing a8 igkgriRriameiek Af B, FHggnicegliters each
of thed Wduief ta'\Bé QEstedSaradiiribdt @olBfed byl siod rhctrbwcew%taeﬁ of paraffin oil

ancr!n 1)§1$:uba§eedmartl frggrﬁdtearrr]:gell'arlgygatlﬁlttjlalfly?,r a?le}{ceuru?js i-’orm a sharp phase
boundary towards the paraffin. After two hours, the phase boundary for liquids IV
and X has already lost sharpness, caused by diffusion of the two liquids into one
another. After 24 hours, this is partially also the case with liquid 1. Thus, the liquids
11, III, V, VI, VII, VIII, IX, XI, XII, XIII, XIV, XV and XVI are potential candidates
for the middle phase of the method described herein. The liquids IV, X and
conditionally I are rejected from the selection process presented here. For liquid X,
this is no surprise, because it is polydimethylsiloxane (DMS) as used in the
modified batch methods, which is added to the paraffin oil to render it more open

to diffusion. Liquid X was contemplated in an exemplary manner.

Example 2: Test for diffusion properties of the middie phase

The middle phases to be tested are saturated with water. Thus, 5% (v/v) of water
is added to the liquid to be tested, mixed, centrifuged and incubated for several



days. The saturation served for preventing the
formation of protein crystals by wthdraw ng water
fromthe mddl e phase to be tested. Liquids X, XV
and XVI proved to be little conpatible with an aqueous
solution. A lysozynme solution (25 ng/m ) is prepared as
follows: 50 ng of |ysozyne '6¥§§ozyne, Sigma; Ordering
No.: L-7651) is conpletely dissolved in 1 m of water,
filtered, and. adn xe i th the follow
dasy) 1% o ORioRer VERo e tked s forrtti G5 5raig, crvstals by
W|thﬂf6§1~|aag9ﬁa’d@4 from ei@mititRt pledseptabe, tedted)i GO DENE XIV and XVI
the | ysozynme solutjon is charged ?r sanpl e vessel and
prqy@@etpelaeb lesgomPetiBle With Sneagyeays % PR Nos. 11, 111,
V, VI, VII, VIIl and I X as nentioned in Exanple 1,
Dupllcate setups are prepared and further covered

A hysezwine SoMtErs (BP pafal) i'h RiePareshtds Jetlops: aakmg gf lysozyme
(Ly'sBvpRl &fly rﬁ'&a vaaeﬁ'nﬁ% OQS%yﬁ‘*S%‘ﬁﬁpI@téWHi@@h@cd in %ml of water,

sever al “weeks e selection of the 11
filteresk a0d adeyxedxyidndimeobdteialiowing soluties: %@&é\laﬂioéaﬂ mM NaOAc,

table states the tines in days after
pH\d}SCPO(#%/"g‘(’)\g%q crystals could be observed: Liquid
No. wi t hout paraffl noilwith paraffin oil IIN8 22
I 0 S s
o 126l e Rt sl bR Zounon i
cheb@edm&rasarephezmbsahdnd kteveredl hmf BOenizeoliders hachl nf figgidoMos. 11, III,

v, OB Rl PO Bl Bt o GBI prepor

an®Fhiterebhytcel bpmoemldraﬁtteeﬁdf phrdffis oil. Goth isetwid are incubated at
plates nentioned in Exanp | ass vessel s havi

22P6,27d GPSAMEdOWT BrPegio8 %%Heég'u‘é’@ﬁk%nﬁ‘ e pelactipt of the liquids
to BEQesices, Rdst S n%fve' b&‘é’nﬁal m.fﬁds Wdre cHbkénor 1 X as

rregtl onéd 1 n anple 1. Duplicate setups are prepared
an

The following table states the times in days after which lysozyme crystals could be
observed:

Liquid No. without paraffin oil with paraffin oil
I H ~8 ~22

I11 ~8 ~22

i ~6 ~22

VI ~7 ~22

VII ~0.5 ~22

VIII ~1 ~22

IX ~1 ~22

Thus, different diffusion properties of the liquids can be characterized and their

influence on the diffusion properties of the paraffin oil excluded.




further covered by 100 mcroliters of paraffin oil.
Subsequently, 5 mcroliters of the I|ysozyne solution
as described in Exanple 2 is added to the gl ass tubes.
It mgrates to the bottomof the vessel. Wthin a few
hours, a slight turbidity inliquid WVII is observed in
t he setup covered by paraffi-eS After several hours,

such turbidity is also visible in liquids VIIl and I X
covered by paraffi n 0|I Such tur bi d| t_y fa| s to occur
Exampla,d: Diffusien pse the; hvsirepoy-X aied polydimgthyisiloxanes

aqueous phase is added to ‘fhe set ups covered by
paraffin oil, turbhidity is not observed. éfure wat er
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for the crystallization of the |ysozyne. Subsequen
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theplaatups cmﬂereddwopamﬁn @fil, &ufbjdity yarpot obsernved. é‘cpurejmger is used
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th@ilinaidseas pedforirgidatesoring te Exahipt®2eisopértizaiaty important for the
hase bounda due to.the difference in density.

hy ng‘PEF 'Hée%wgﬁ'a?‘ﬁ"% ution slowmy mgrates to

t he Iomer phase/silicone oil phase boundary and

EXS| Ly emal nsttherf asa_ st abl £ foH ha_eI |02 ItI;e
determ ned by the corrp03|t| on of the Iovver phase.

asi o undesi. r abl h
SUSREGE O T1F 19 Pt Spiadn A B it ite) ol ficroftérs ach o -
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i nstead o t ro us sta
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pofiRbi 8fe kw&sme&@rﬁ of the 'I"}s%"z?h’iet gubse&uerﬁ!?\k{)tlw 'rrﬂtrollters of liquid
Protein crystals are al so forned V and

NoasV rasnmentianednin fxamslanblie a&‘ldédc@i)éh?n@idéﬂe Tniaﬁear"’é\e whole is
covered by 100 microliters of paraffin oil as the upper phase.

One microliter of a lysozyme solution according to Example 2 is applied into the
three-phase system below the paraffin/air phase boundary by means of a pipette
and migrates to the silicone oil/paraffin oil phase boundary due to the difference in
density. Subsequently, the protein solution slowly migrates to the lower
phase/silicone oil phase boundary and usually remains there as a stable fourth
phase in the form of a drop. The end point of the concentration is determined by
the composition of the lower phase. Occasionally, an undesirable unification of the
fourth phase with the lower phase is observed. Protein crystals are formed (Figure
4). If liquid VI is used instead of liquid V, the drop will usually stabilize at the



different in viscosity and thus in the |length
distribution of the respective polyner chains. Thus,
it is evident that the length and |l ength distribution
of the phenyl - nethylsiloxane as well as the vol une of
the protein solution have a significant influence on
t he behavi or of the system -Bépendi ng on the
appllcatlon these paraneters can be adjusted and

perifin (UL fonkaall A e Ry fais peRinscts grafiof < Emittoiter, i

par‘%F&Q@r}’P‘?&t@m E8REAL Ak YId forafed or tribl ock copolymers).
If glass tubes or glass capillaries are used, the

birefringence of the protein crystals can be used for
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opwasmﬁgﬂeh\é@ng usgifiasiditiyes (v §@i'zerﬁu P{%rcorméﬁe@ﬁ gspecially di-
n dgylgﬁgps yreni scus is formed at the
an?%v'\_/er? cﬁ and m’ddl e/ upper phase boundaries, which
results in a centered position of the drop (see Figure

If flhss -trlhlbe% blstg%fss%@bﬁ@r?&g%r&q}seﬁjh%@B%ﬁﬁiﬁrﬁe df'e protein crystals
crystallizafion experinents. In this way, the surface
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section of position is covered. Subsequent Ig/
bottggrepf Hie Mﬁsﬂel %wa'w when glass ﬂ}‘e\dﬁﬁ:@aoﬂcj‘,_a?’e(@ﬁﬁécus is formed at

thé’h%??régﬁ&?ltegér@mdﬁ e/ugﬁ(?r Ehgﬁal BoBR@sSedB¥hithS@slRs in a centered
position of the drop (see Fegure 45) This is of advantage for the analysis of the
crystallization experiments. In this way, the surface properties of the vessel can be

selected to beneficially affect the method.

Example 5: Crystallization in _a four-phase system with remote separation of the

protein solution from the lower phase:

A three-phase system is established in a 96-well crystallization plate (Greiner Bio-
One, Protein crystallization plate, 96 well; Ordering No. 609120) as described
above. It is important that the lower phase does not extend beyond the indenta-
tion (see Figure 6). The middle phase is then applied until the whole section of a

sample position is covered. Subsequently, covering with paraffin oil is performed



The follow ng volunmes are considered as guidelines: 300
mcroliters of precipitation reagent (see |ower phase,
Exanple 4), 90 microliters of mddle phase, 120
mcroliters of paraffin oil, and 2 mcroliters of
protein solution. The requirenments demanded fromthe

m ddl e phase with respect tg 4he stabiliza- tion of the
protein drop are |ess stri ngent than those in Exanple

ety o8 ATy Thg e PheSe Aohalsd b SpPRaf ghdfhe upper

phége.the indentation of the vessel. It forms a drop which
is surrounded by the mddle phase and the vessel wall.
Figure 7 shows a crystallization experinment in which
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A ucose Isomar se, : HR7-100) and x

: ] xyl ana
caggfpligwdriX caiteh t%ldéﬁﬁsg’v eh dbei AYCRRXY-terming ?ys&loxanes
(IanﬁB? \Af OWIInﬁnM\ﬁ‘)@ dieshiged ah dAsKRRBANSF ahé %p@f‘cﬁa’fkaﬁ“n layer can

as wel |l as by neans ‘of an established an

ofteanb@p@ﬁawqﬂ aﬁ:ﬁaﬁep@:livef kowenvolwrees pf tae inamati@agbmrs used. How-
t -C

evémr i ﬁ%ﬁ?%%@;;nfglgP? )éétg Ei'{eré(i:fgpegrhot"%%w ég amounts of paraffin

oil ratbe apphieg) Imgpntrassmheelmmgf amamulefmpport with an elevated edge

crystallizati.on.o rot 91, ..
a5} $hEehé SBblealist pLeFodBns pver  Brrar i byl g oy sample
supistt] ut ed and in 50% di | ut| on. The protein solution was
filtered. - 28 A three-phase systemis realized in a
96-wel | crystallization plate equi pped with an
Exaimplebe CedparatiGeasirpstal|Biation @ffurtRepeaeyimes: glucose isomerase and
cr%stal lization plate, 96 well; Ordering No.
xylanase

The method was realized by means of two commercially available enzymes,
namely glucose isomerase (Hampton Research, Glucose Isomerase, Ordering No.:
HR7-100) and xylanase (Hampton Research, Xylanase, Ordering No.: HR7-106).
Both proteins were tested at a concentration of 15 mg/ml as well as by means of
an established and commercially available kit of precipitation reagents (Hampton
Research, crystal screen, HR2-110) (according to Jancarik, J., und Kim, S.H.;
Sparse matrix sampling;: a screening method for crystallization of proteins; J.
Appl. Cryst. 1991, 24, 409-11). The precipitation reagents were used both
undiluted and in 50% dilution. The protein solution was filtered.



609120). The edge was generated by adhesively bonding a
plastic strip of -2 cm and sealed with hot-nelt
adhesi ve. The three-phase systemis established by
first applying paraffin oil over the entirety of the
sanpl e supports, followed by adding the different
precipitation reagents individually to a reservoir
each. Subsequently, a drop of the precipitation
i Vil f: . [ i : ] :
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glucose isomerase, and the last row gives a result of xylanase. The examples
shown here demonstrate, that better results are often obtained from the novel

method as compared with classical methods.




added to the mddl e phase to forma fourth phase,
foll owed by incubation. 2. The nmethod according to
claim1, characterized in that said aqueous sol ution
of macronol ecules forns a fourth phase whi ch does not
i medi - ately mix with the | ower phase. 3. The net hod
according to claim1l and/or'é% Characterized in that
said | ower phase is a hygroscopic solid phase. 4. The
nmet hod according to claiqtl r.2, characterized in
that said | ower phase is—éiﬁggiggtopic l'iquid phase.
5. The nethod according to at |east one of clains 2 to
4, ¢haracteri ' t.. said fourt hase m grates to
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comsy ape, SR maR e SR d bt BhFec W cR todk! Aot immedi
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phase boundary with the fourth phase. -30 9. The
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di ffusion of r.fromit vessel through the upper
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of phaseris 2 hygrd€topohlanadtphaseed in that said mddle
phase is selected to have a diffusion of water fromthe

fourth phase into the | ower phase.
5. The method according to at least one of claims 2 to 4, characterized in that

said fourth phase migrates to the phase boundary between the lower and
middle phases or to the phase boundary between the middle and upper

phases after having been introduced into the vessel.

6. The method according to at least one of claims 2, 3, 4 or 5, characterized in
that the vessel is designed in such a way that the fourth phase does not

come into contact with the lower phase.

7. The method according to claim 6, characterized in that said fourth phase is

located in an indentation and/or compartment.

8. The method according to at least one of claims 2 to 7, characterized in that
said fourth phase does not mix completely with the lower phase until the
crystallization begins in the fourth phase or at a phase boundary with the
fourth phase.
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12,
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15.

16.

12. The method according to at |east one of clainms 1 to

11, characterized in that said m ddle phase contains

hydr oxy-term nated pol ydi net hyl sil oxane and/ or

phenyl met hyl silicone oil. 13. The nmethod according to

at least one of clains 1 to characterized in that

sai d | ower aqueous phase contafns salts, buffer

subst ances, polynmers and/or organic solvents. 14. The
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onol ecul es o y a nethod according to any of
cI alms 1 to 16. 18. A device for the crystallization
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vessels (6, 16) are-arranged to forma sanple su
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9._T ce according to claim 18, wherein
theaﬂé%?r %ﬁg(aﬂg]gqlggﬁllg subsections (5) is at the sane
| evel as the bottom of the sanple vessels (6). 20. The
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bot tomo
said solution of the macromolecule contains salts, buffer substances, poly-

mers and/or organic solvents.

The method according to at least one of claims 1 to 14, characterized in that
said macromolecules are proteins, DNA, RNA, complexes of macromole-
cules, protein complexes, protein/ligand complexes, DNA/ligand complexes,

protein/RNA complexes, protein/DNA complexes, viruses or viral fragments,

The method according to at least one of claims 1 to 14, characterized in that
the crystallization is analyzed and/or continuously monitored by optical
measuring methods, especially microphotographs, light scattering methods

or spectroscopic methods.



sanpl e support is optically honbgeneous. 21. A device
for the crystallization of macronol ecules in which a
mul titude of sanple vessels (6) are arranged to forma
sanpl e support, in which at |east one subsection (5)
separated fromthe remaining sanple vessel by latera
wal | s (3) exists in each san k-vessel (6), wherein the
top portions of the Ilateral walls (3) are | ower than
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is opbi@ml |y honoge- neous and that the bottom (1) of

the subsections (5) is at the sane level as the bottom

of the sanple vessels (6), wherein said sanple support
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A three-phase systemfor the crystallization of

macronol ecul es in which three |iquid phases are on top
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walls (3} exists in each sample vessel (6), wherein the top portions of the
lateral walls (3) are lower than the lateral walls of the sample vessel (4),
characterized in that the bottom of the sample support is optically homoge-
neous and that the bottom (1) of the subsections (5) is at the same level as
the bottom of the sample vessels (6), wherein said sample support has a
contiguous edge (2) which is higher than the openings of the sample ves-

sels.

22. A device for the crystallization of macromaolecules in which a multitude of
sample vessels (6) are arranged to form a sample support, in which at least
two subsections (5) separated from the remaining sample vessel by lateral
walls (3) exist in each sample vessel (6), wherein the top portions of the
lateral walls (3) are lower than the lateral walls of the sample vessel (4),



for the crystallization of macronol ecul es, for
automated crystallization or for automated screening.
27. Structures of macronol ecul es established in the
anal ysis of crystals accord- ing to claim 17.

-32-

wherein the lateral wall or walls of at least one subsection has a different
height.

The device according to claim 22, characterized in that the bottom of the
sample support is optically homogeneous and that the bottom (1) of the
subsections (5) is at the same level as the bottom of the sample vessels (6).

A three-phase system for the crystallization of macromolecules in which
three liquid phases are on top of one another in one vessel, wherein these
phases are a lower aqueous phase, a middle phase and an upper hydropho-
bic phase having a lower density than that of the lower aqueous phase.

The three-phase system according to claim 24, wherein said lower phase is
a hygroscopic phase of solid and/or liquid nature.

Use of a method according to claims 1 to 16, the device according to any of
claims 18 to 23 and/or a three-phase system according to claims 24 to 25
for the crystallization of macromolecules, for automated crystallization or for

automated screening.

Structures of macromolecules established in the analysis of crystals accord-

ing to claim 17.




