30-Jan- 2007 SMB Protein Crystallization Method The invention relates to
nmet hods for the crystallization of macronol ecules in a three-phase 3¥ﬁﬁ%@0‘7
appropriate devices, a three-phase system and the use thereof in a
crystallization nethods. Know edge about the three-dinmensional structure of
bi ol ogi cal macronol ecul es has a dramat+d -+ npact both on the devel opnent of
nodern bi otechnology and in the therapeutic treatnent of diseases. Thus,
for exanple, 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 with the respedMie
protein target. The elucidation of three-dinensional structures of

bi ol ogi cal nmacronol ecules is effected nost precisely by X-ray structural
‘anal ysis. A precondition for structural elucidation is that the

macr onol ecul es, such as proteins or their conplexes, are available as
single crystals. Further, crystallization nmethods can contribute to the
derivation and generation of <crystalline fornulations of reconbi nant active
- substances, and crystal norphology can have a significant influence on the
, pharnacoklnetlc properties of a formulation. The exam nation of

pol yrmor phi sms of | ow ol ecul ar pugbghtr/eeiiRR s mMethof YNt hetic or nat ura
~origin may also be realized through crystalTrzation experi- ments. Another
field of application of crystallization is its property as a purlflcatlon
met hod f or I I I om
pounds. CrTHsEt g'lh%ztg)ﬁ gﬂsﬁfgdfgﬁa@%b?p% E’Iﬁ;rg iatIcﬁ'Y‘"oE‘Ha Ie\‘f@l gﬁﬁl gr
',, scal e.thpee-phaseosystem, Usppiiopyiate tdavices; i @ dhree-pbasae nswstegmt, aaars;d fuhem.lse
sat ur at ed i £ eins in the presence of a
conceéntr attglgl—ésggl'ﬁ%ﬁ%ﬁ%o?éggw 'ﬂ%éﬁtg‘} nﬁ‘%ﬁ@% pol ymers (pol yet hyI ene
glycols etc.). The water necessary for solublllty is nore or

Knowledge about the three-dimensional structure of biological macromolecules has
a dramatic impact both on the development of modern biotechnology and in the
therapeutic treatment of diseases. Thus, for example, th.e determination of the
three-dimensional structure of a protein target can provide critical information for
the ‘identifiéation and development of novel active substances which interact with
the respective protein target.

The elucidation of three-dimensional structures of biological macromolecules ‘is
effected most precisely by X-ray structural analysis. A precondition for structural
,/) 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 crystaIIization is its property as a purification
method for biological macromolecules as well as of low-molecular weight com-
pounds. Crystallization methods ma{/ _be‘\performed on both a small and a large

scale.



| ess withdrawn fromthe protein solutions during a particular time course,
so that associations of different sizes may formfrom fluctuations (3 th
protein nolecules. The formation of nuclei is a precondition of ‘the OJan' 007 .
formati on of crystals. These processes are normally exam ned enpirically by
selecting different protein concen- trations, different salts under varying
ionic strength conditions, pH values, buffers; polynmers, organic solvents,
tenperatures etc., which is a nulti-paranmeter problem (MPherson, A,
Crystallization of Biol ogi cal Macromml ecul es, Cold Spring Harbor Press, New
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A ; nore, C.; Stihle . . Johnst on Crystal. G owth. 1996, 168,

175 0) Passy dYew tYerls, F@?ﬂbd does not allow for setting an end point
because the systemis not a cl osed one. A great drawback is the fact that
the protein_ solution wll dry npletely over a particul ar period of tine.
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one drop
aqueous solutron or vice versa, in a suitable sample support (Chayen, N.E.;

Stewart, P.D.S.; Maeder; D.L.; Blow, D.M.; J. Appl. Cryst., 1990, 23, 297-302;
Chayen, N.E.; J. Crystal Growth; 1999, 196, 434-41). Since in this system there
is no enrichment of the precipitation reagents over an extended period of time,
but the final concentration is set directly when the protein solution is applied,
- this is called a “"batch method". This method does not allow for a continuous
- entry into the metastable region of a phase diagram. Thus, the greatest advan-.
:) tage of classical crystallization methods is lost (kinetic properties and dynamic

end-point determination, see Figurfe 1).

A modified method of the batch method is to use a paraffin oil to which
poly(dimethylsiloxane) (DMS), for examplé, 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 crystallogenesis (see Figure 1).



solution (with added reservoir solution) is usually incubated in a closed
vessel wth a reservoir of an aqueous solution of a predeterm ned hi gher
concentration wth exclusion of air. Over tinme, water evaporates frgm;heqy;
drop; so that the 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 elucidation is
often associated with great difficulty or not possible at all by the known

hods. | J .CJ ' '
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In view of the great progress achieved in recent years in the elucidation/identi-
fication of gene and protein sequences by novel and automated methods, it is
desirable to subject the numerous novel proteins which can now be expressed to -
systematic examination using automated methods. Also, subsections -of X-ray
structural analysis have experienced huge increases of efficiency in recent years.
) Contributions were made, inter alia, by the provision of X-ray sources of high
brilliance (synchrotrons) and by the provision of efficient hardware and software
for the interpretation of data. However, to date, the known methods for the
crystailization 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



30-Jan- 2007 -4 pipetted respectively to the bottomside of a cover, the
cover inverted and placed onto a liquid reservoir w thout adversely
affecting the drop, and an air-tight seal nust be achieved. For a r@BﬂE-@O 7
this is connected with a relatively high nunber of tedious operations.]%uc
aut omat ed net hods are not attractive in terns of cost, speed and

reproduci bility and are not readily realized with ultrasmall sanple vol unes
(see al so Chayen and Saridakis, 2002). EéﬁECiaIIy when ultrasnmal |l sanple
volumes are enployed, it is to be taken care that the solutions are

rotected fr e I ve oration.gs l.ong as the systens are no
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crystallization of biological macronole- cules exist. Thus, for exanple, the
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nmust be seal ed nechanically, for exanple, by neans of a self-adhesive sheet.
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i s igport BemMsnaisabel eealad, farnemmpler PYShglarniisatire of selinedhesive shegtsyard,
bec{@ eiB?c’BbEn@“i.%ﬁm'eQﬁéﬁ%a f water can cause t he set concentrations to
vary significantl'y and thus affect reproducibility (interference sources).

- Such automated net hods are connected with the usual disadvantages of batch

et St T e A TR R e O
: cules exist. Thus, for example, the U.S. Patent 5,096,676 describes a device for
crystallization in a sitting drop which can be sealed, for example, by means of a
self—adhesive sheet. Further devices are described in U.S. Patent Nos. 5,130,105;
| 5,221,410; 5,400,741; 5,419,278; 6,039,804, and in fhe applications US-
2002/0141905; US-2003/0010278, WO-00/60345, WO-01/88231 and WO- =
- 02/102503.

All these devices allow for classical vapor-diffusion crystallization experiments and

:) must be sealed mechanically, for example, by means of a self-adhesive sheet.

~ 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.; 1.
- Crystal Growth, 1992, 122, 176-80). Thué, 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
(interferehce sources). Such automated methods are connectéd 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.



adaptive crystallization nethods based on statistical analysis requires an
exact know edge of the final concentration. 30-Jan-2007 5 The present
invention is based on the problemof providing a crystallization neghagd,-2007
whi ch overcones the known drawbacks of the prior art nethods. In

particular, it should be nmade possible to obtain crystals of macronol ecul es
as honogenous and | arge as possible at relatively small expenditure and
with a relatively high probability of sdccess. The nethod according to the

i nvention should also be suitable as an automated nethod for the screening
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macronol ecul es is added to the m ddl e phase to forma fourth phase, followed
by incubation. The invention also relates to nethods according to clains 1
to 16, a Hewiroethosceerariding to thayineeéntidraisheultgalso tzeasuistabler ae-grhaswnegtadem
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in i _kuchcaRtAmutYn fethdds.f orma drop. Preferably, the fourth phase will
m grate to the phase boundary between the |ower and m ddl e phases after
havi ng been intro- duced into the vessel. Mxing with the | ower phase, which

i's al so afha@BeRHof the invention is surprisingly achieved by a method for the crystalliza-

tion of macromolecules in a three-phase system using a vessel containing a lower
aqueous phase, a middle phase and an upper hydrophobic phase having a lower
density than that of the lower aqueous phase, wherein an aqueous solution of the
macromolecules is added fo the middle phase to form a fourth phase, followed by
incubation. ' '

The invention also relates to methods according to claims 1 to 16, a device
.according to any of claims 18 to 23, a three-phase system according to claims 24
) and 25, crystals according to claim 17, the use according to claim 26, and the

structures according to claim 27.

The invention is based on the provision‘and use of a three-phase éystem. 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 i’n 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



phase, does not occur. Rather, the fourth phase remains in the system at
|l east until the crystallization process begins. In alternative enboﬂgr}re 5307
the fourth phase becones positioned at the phase boundary between t an-

m ddl e and upper phases or within the mddl e phase. Wiat is inportant is
that no i medi ate m xing 30-Jan-2007 6 wth the | ower aqueous phase takes
pl ace. The term"fourth phase" general |l y6 desi gnates the aqueous sol ution of
t he macronol ecul e, even if the three-phase systemconsisting of the | ower,
upper and m ddl e phases has not yet fornmed conpl etely Brief description of
t he Fi gur eéthrikeirlewer eeequsebhpss spkes divege. cBe rtermat ifonsthi phase’ aepraally

di agram i 0 e S
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Figure 4 s‘ysmm aonsistimgg ef theel\twm? wpaehﬁndannmiﬂlea prlrmsesmﬂsemuteyethqym&d 5
shows a cl ose| g&l view of crystals obtained fromthe arrangenent in Figure.
4. Fi gure 'a speci al enbodi nent. ‘Figure 7 shows a photograph of the
system accordl ng to the invention in which three indentations are arranged
on one reservoir. Figure 8 shQws ari s of. different conditions for
gl ucose i sonmerase and xyl anagé——ég—gécr a‘pq‘@ E’EHEESQ shows a sanple support
according to the invent| on Figure 10 shows a verti cal -section through the
sanpl e support accor o the ipvention. ure 11 shows an enbodi nent of
t he sanpl Eip%u%éo ‘Fs"é yﬁ’!fot ghemica Fﬁ)@’ﬁ?”%’Hp INep plege RY@Renat i cal |y
shows a | ateral view of a vertical section through the sanple support

according_to Figure 11. 30-Jan-2007
Figure 2 descrlbes the schematic structure of a three-phase system.

Figuré 3 shows a photography for three three-phase systems.
Figure 4 shows an enlarged view of a solution of a macromolecule.

Figure 5 shows a close-up view of crystals obtained from the arrangement in
'Figure 4.

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.



-7 Figure 13 shows a sanple position within the sanple support according to
the invention. Figure 14 schematically shows a | ateral view of a diagonal

section through the sanple support according to Figure 13. Det ail ed3U-Jan-2007
description of the invention Figure 1 shows sinply and schematically the

different behaviors of the usual «crystallization nethods in a phase

diagram L, Mand U respectively designate- the sol uble, netastable and
unst abl e regi ons of the phase diagram Figure 2 shows the schematic
structure of a three-phase system according to the invention with a fourth

“phase i n Elgare gkdnsbpws dregmplecpbsidied atthirhehe saseple suppery acbhetdieg rtot the

upper andin@eﬂg})ﬁ phases. According to the invention, upward  diffusion of
wat er essentiall'y does not occur. |, Il and Ill correspond to the upper,
m ddl e and | ower phases, respectively. Figure 3 shows a phot ograph of three

t hr ee- phase, s ns, according,to the _.invention in,which the solutio f the
macr onol eE@HEéTSir P&E%@@?ECGQY %h%véafai lateral 'ec"ﬁeoqz ?oq'ﬁg%'?aqas‘?ﬁ?t?ﬂ H@’%Bnt %he
upper ands#ngiH supb@sescofdigy t€ Frgupeass a cl ose-up view of a solution of the
macr onol ecul e positioned at the phase boundary between the m ddl e and | ower
phases. Figure 5 shows a close-up view of the crystals forned in a

t hr ee- phase system accor di pgtdiRdt dscriBviBAidi®Ae fiVeritly, same setup as in
Figure 4. The lysozyne crystals can be detected with polarized |ight and an
anal yzer shifted by 900. The phases of the crystallization systemare
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Figure 3, a fourth phase in the formof a drop is positioned at the phase
boundary &esiribzationemathads imrdPhassediaprmes, Mrasd Wnespedsvehddesigoatenidte be

| ea ' j : FL gur | ose- view of a fourth
s€ at %(%]Iéblpe{)]ﬁ%&%@%{%g@%@#\%\g@n@gﬁb@%m dlexaebrga‘ﬁg cﬁ?ﬁ%m?ao-\]an- 2007 -8
phases. In. this netastable state, the fourth phase remains over an extended
Figure 2 shows the schematic structure of a three-phase system according to the

invention with a fourth phase in the form of a drop localized at the phase boundary
between the upper and middle phases. According to the invention, upward -
“diffusion of water essentially does not occur. 1, II and III correspond to the upper,
middle and lower phases, respectively.

Figure 3 shows a photograph of three three-phase systems éccording to the
~invention in which the solution of the macromolecule is respectively localized in the

form of a drop between the upper and middle phases.

:) Figure 4 shows a close-up view of a solution of the macromolecule positioned at

- 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 crystais
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 boﬁndary 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



period of tinme and does not intrude into the | ower aqueous phase. The fourth
phase will not mx conpletely wwth the | ower phase until the crystal?%5£i2007
tion begins in the fourth phase or at a phase boundary with the four

phase. Preferably, the fourth phase is distinguishable for at |east 6, 12
or 24 hours, nore preferably for at least 2, 4, 6, 14, 21 or 30 days. In a
preferred enbodi nent, the vessel enploye§'1s deS|gned I n such a way that

t he fourth phase cannot come into contact with the |ower phase. The fourth
phase s stapiljzed mechanically then. In this case, the fourth phase is

pref er abl Pl‘f“%‘%sal y d9S ANges Steisn WS Feprtly RIassr ER'BaINSr OEE 170 egkNdadng
sanpl e Veﬁéﬂbdtb‘ftirﬁé%h@'doé%dt%tr_ﬁﬁés‘mtdﬂﬁsIBWra'&u@B@%%h‘a% | ocalized. in an
i ndentation or conpartnent. Figure 6 schenatica reww such an
enbodi ment can be realized according to the invention. In this enbodinent,
t he solu C ; h-Sh | the
vessel 1o R s G2 e, At e P proSe SO bt hed ) s
in the ditieot beginsfint the écrtrrﬂw phase| or ahd phbse droussipondvitly thhefourgpehase.

Cannot 1 oGESOLTY OEFOUHS BRBSEIR Rl ay HBolte? RN Sohe 2 bowssInbi<” o

i nduce mpaef@@g]yqaﬁasmagt p_pn ef 1zr;aguqm)3cg§gy§s to crystallize as separated
phases in a three-phase system Figure 7 shows an enbodi ment of the vessel
according to the invention with three recesses. A photograph with a top

vi ew ont 018 préferreaCeRbBIEeht) thReyédRerRIMGYdE i BeYRNk:A |nV‘§Uc¢1hathé)¢Qhat
I ndent ati ons are arranged commnly at one reservoir. I'n the mddle
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can. al so.be realiz
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a replaced/ com plemented with a phase having hygroscopic properties of

wi t hdr awi HiySRétosy 1ithis 8ubesiment the solution of the macromolecule is prevented by
an indentation within the vessel from moving further towards the lower phase. The

diffusion of H,0 is in the direction of the arrow. I, II and III correspohd to the

upper, middle and lower phases, respectively.

Due to a physical barrier, the drop cannot reach the lower phase. According to the
invention, it is possible to induce more than one solution of macromolecules to
s crystallize as separated phases in a three-phase system. Figure 7 shows an
D embodiment of the vessel accordlng 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,O 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 hygrbscopic properties of withdrawing water with



-9 respect to the solution of the macronol ecul e. The hygroscopi c substance
may be solid and/or liquid in nature. In contrast to batch nethods,ahqe

wi t hdrawal of water causes a change of concentration in the system 72007
i nvol ves an endpoint, which also depends on the selection of the nature and
quantity of the hygroscopic substance. In a preferred enbodinent, a

t hr ee- phase systemis established beforeQhe fourth phase is added. In a
further enbodi ment, the fourth phase is charged first in the subsections

whi ch are separated fromthe renaining sanpl e vessel, followed by ~~,

est abl i shirBgPadieor HiesolpHanofsiiet macramolecyte: ddei hygrossepictsubstanseeinay be

sol ution o~ t i S i

and can aga)% er2/h R G IR LIE I corRE o 3T R ASA N BRG FH RE e et
Héo. I nf aciausesharclimmig@dm' f—clmmahtratibe iuitpersry]/ptulmavhﬂaiyri]dnﬂ)ia@@bhegiild@@gﬁnww&iﬁh
edges of the sa vessel s, ereupon the | ower ase is ied to eac
sanpl e ve?gt‘éi _de-rig%ag,s ?'ﬁeﬁ'@yé"‘?@%% 0‘{3?@% e@@&efq%%é@ﬁﬁ'& a‘?fﬁg}i’)ie hYsRPEIapIc
begi nni ngsub&emced drop can be taken up from the | ower phase and applied to

the separated subsections. The protein solution can then be applied to the
drop in the separated subsection, followed by the second phase which is

added t0 ¢AGpAFERR &9Po8Imetita Wré@%as@@y@gedﬁﬁg‘ﬁgtéi{iﬁgélﬂ f&fe tHourth

i ndi vi dual sanple vessels. In a preferred emnbo ndent at1 ons or

- conpar t mrephesans/asidedhdnra furtheraembadiment, thvel fosrthr phase i ¢Hargedtfirbeirethe so

that only | se.se (- i .conpar nt s ependi on
the quant L el LR it enalHaThaL O i TR R Sroef BRENE Ol
phase, th@staiﬁieh\m_:j the ahrdd-phasd isygueagﬂnh.. Idﬁa lsmennhgﬁtm;etr'ge AD_FB’CEHP rs@&rtk foat bHNS
or fcoypartpents ich c nicate wt e | owner ase ehave |i ke

Ol oSl a S Rl b Thabs b Enh b deii Bhe s baaakion i Lrptagsin reach
equi | i br ateguMblrfurh heith @REr¥Rer pHlsEthPBhdNakRalvak 8F H,@85 InCAl furheF PRbsd-
met hods because they are surrounded by paraffin oil, for exanple. Thus, it
i s possi bineentp thecdpperephastieh mayc baARtigr kestang thededges of dbatsempletMassels, one

shown. ner &iHer@0GenAERbRch Bhae 7 oBbudy F8HICR RBEesshl s, tnaRPERA e
protected from evaporation from the beginning. Then, a drop can be taken up from
‘the lower phase and applied to the separated subsections. The protein solution can -
then be applied to the drop in the separated subsection, followed by the second‘
phase which is added to each sample vessel, but without going above the edge of

the individual sample vessels.

In a preferred embodiment, the indentations or compartments and/or their lateral

, “) wall or walls are on different levels, so that only one or else several indentations or
- compartments, depending on the quantity applied of the second 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.



tion experiments can be realized in a wide variety of variants. 30-Jan-2007
- 10 Through the upper phase, there is essentially no diffusion of F?é?fr
the vessel over the duration of the crystallization process. In ap 'J%Yﬁgg
enbodi nent, the upper phase contains paraffin oil. However, any other oi

or any other liquid which 1is capable of limting the evaporation of water
fromthe systemas an upper phase may-dlso be used. In a further

enbodi ment, the upper phase is a sheet or cover which is capable of
limting the evaporation of water fromthe system The niddle phase is

sel ect ed Throyghethe HPPEURhBFE OtharRds rrerntialy nowiffusipn£fdlihfrom the vessrlr

phase.  They&! e au-difort GRARA EZLLAMRlon' BRJBET Y BfdtbfehehBBAlfUR e
phase increases continuously. Since the overall system essentially ddes not
| ose " J auppevaplease eontaitts paraffin foilr Homevesl dmy atheanoibbr whiy dthehéqliawehichnd

Lhe aqubohearars op NG the B RO PR ater o 5 SNaes 8 GRIRIESe

m Xt ures, nfwydalsoPe diéd eI at rurieashbodifhtanié AippehMasalis RashsesSer Esvidrher ,
the m ddl e phase may not reduce the diffusion-inhibiting properties of the

upper pha¥biciissieppble olliaitig/the avanasplden off watBofiome M SYStER® ni ddl e phase
contains hydroxy-term nated poly(di nethylsiloxane) and/or phenyl net hyl

pol ysi | oxanes, especially phenyl nethyl di nethyl I-ﬁm sil oxanes. In selecting
t he |i qui Bhe sniddirephasiiises¢lfeted, to have,a stiffiusion of O fram theufaurth ghase intot he
case of p I i |- o)l 1,0, O : are
o e IR DS, 8906 Ine LS At Db T8 Bk 800N OUERr
subst ancephagminureases aontinuousigasincesihlevevdrall $ystemebssentidile duedi nenicse t he
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sol ution gf edUNBbABST &FPbEGEL ByCRIMAINGSthel dben SETBO K SFBRABHLECES IGWE higysRY,
aqueous phase, except for the macronodl ecule and at | ower concentrations.

30- Jan- 2007
The middle phase may also consist of complex mixtures, e.g., of different viscosi-

ties and/or chemical natures. Further, the middle phase may not reduce the

diffusion-inhibiting properties of the upper phase disproportionately.

.In preferred embodiments, the middle phase contains hydroxy-terminated poly(di-
methylsiloxane) and/or phenylmethyl polysiloxanes, especially phenylmethyl
dimethyl po\ysiloxanés. In selecting the liquid for the middle phase, its viscosity, in
par‘ticular, and, in the case of phenyimethyisilicone oil, the ratio of methyl to -

’ :) phenyl groups are important.

The lower aqueous phase preferably contains salts, buffer substances, polymers

and/or organic solvents.

In preferred embodiments, the aqueous solution of the macromolecule 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 aqueous phase, except for the macromolecule

and at lower concentrations.



- 11 In a preferred enbodi nent, the aqueous solution of the macronol ecul e
I's prepared by conbining a certain volune of the | ower phase with a certain
vol ume of the aqueous solution of the nmacromolecule. In a preferred0-Jan-2007
enbodi nent, the fourth phase has a volune of between 1 pl and 10 pi,
preferably from 100 pi to 2 pl, nore preferably from 10 to 500 nl_ In
preferred enbodi nents, the nacronol ecul-esl of the fourth phase which are
crystallized according to the invention are proteins, DNA RNA conpl exes of
macronol ecul es, protein conpl exes, protein/ligand conplexes, DNA/Iigand com
pl exes, pHbedraiaRed eahadinest, theqaieapsal Winfpeithesmagiarelesuleris wrepareldr ag-
ments. In ; o I r r e of

bi ol ogi ca?\gga%@bmd;gt (Fégg%b?\gdf‘kﬁ%aﬁﬁ tgré\@éér)\fllgfeﬂﬁtaggevékﬁc%#&lg‘nng% ,cﬁtﬁ%eOf the

i nvent i onaqUéraus soletion @f the swacrehatlesuiéo crystal s of macronol ecul es which
have been prepared by the nethod according to the invention. The nethod of
the invention is also a preparation nethod for crystals of macronol ecul es.
The i nventri anpadferededrmbedinients tthacfourtbspledsarhas GMobRene &F ahabhi 5hednay

t he exarrwa i on _of rﬁ_stalg) produyced by the rreghod accor di%to t he

i nvent i ontO HrePEIT@RY B8 Rl dP 4 W mYyepreferablyniiase 1995 flor ¢ he

crystallization of nmacronol ecules in which three phases are on top of one
anot her Lﬁgone Ve%:ﬁel’ %%{Vnerei n _these phases are a | ower aqueous phase, a
mi ddl e pheb@EITArHh SR MaRtar SphJBPETIpRRISEIRa I ENS FPUWEr PlRSES MIYCh Haiie
that of tHGstANRId HIEERYSg PRARe inVEAEEH Sare pBHehts, t BRAPNRRARS @rfiplexes o

j uxt aposed,” for exanple, Tn mcrofluidic systems, 'nmay al so be concel ved.
The t hr eeMglkEyBglegutesprivbteinbtgmpleyas d prateigligand dionfplexes, D¥APgHNTECOE-MRY

a2 ke BEKES T PoRFA0Gh Morh S W EVER DMl B8RS rE RS A >

. i nvent i onmewtd.Hnogevédrbh anbcnholacties piage) as athdrdafgd atdleahesl of Bictodicslieor

variety of (s. Thus, for exanple, the |ower aqueous phase may be charged
first or SW}I;E%Y'F 9T fRn b@rﬁf¥?taﬂ%%d’iq§8Fd'F3§%rtE?('1'T'Ye’?t§"bnl y essential to the
invention that an essentially stable systemfor crystallization is obtained
N which 'mg i v%% fon 4156 relsa%gsa{oatcsy%tglg %pn$§C$gm% g&rlesa gvhri]c%al%\ye %gelﬁ) %Srgﬁabrle%'

by the method. according to the invention. The method of the invention is also a

preparation method for crystals of macromolecules.

The .invention also relates to structures of macromolecules established by the

examination of crystals produced by the method according to the invention.

‘The invention also relates to a three-phase system for the crystallization of

U

macromolecules in which three phases are on top of one another in one vessel,
wherein these phases are a lower agueous phase, a middle phase and an upper
hydrophobic phase having a lower density than that of the lower aqueous 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 méy 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 aqueous 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.



30-Jan-2007 12 The nethod according to the invention enabl es relatively
uniformand large crystals to be obtained. The nethod is sinple, Q
perform and highly repro- ducible, the problem of evaporation belng g 6?H%Qp7
even if low quantities of proteins are used. Depending on the enbodi nent,
there are no or little wall contacts with the sanple support, which results
in a lower nucleation rate and thus in-ds2zger crystals. The protein drops
have a honbgeneous shape and exhibit |ess disturbing effects as conpared

wi th classical nethods, which sinplified nmethods of inmage recording and

i mage evallbat methoduaceardirtge tpr Byeriveention henaiderelgtivate, urifensidnd latgech

often for | ass ich s o nds t drop,i s ,avoi ded

whi ch enagﬁééé]ict °g’%'ﬁ‘nﬁd| i ﬁgmsﬁﬂm%ﬁm'% E%Be%e%‘t 2 higfly repro-
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further | and thus result in rotein cryst Is. ter the
crystal obfees oF comberact v chSedl Midhedtonhldh SRS mithed midhassie
down by aeddcdingdahdémegeidvialiation Biual® tHehgresebied af tHl svddhCatiaseb€he skin
gradual ly reinitiated and further pronoted by adding a concentrate of the

preci pi t aMhé PEEReTMSy 'r‘aC|ﬁ§ﬁF@Js'@GHW,dss éB@tV&WéB surtayndgetheedeany tsi aveigedit i on
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0 | ho

subsStantial size. I'n contrast t revi ous scr ayen
N. E=~ 3. @r:gldlleawhaaeomdvmesem,addrt%,al panamet)er wibte resmtico s the elynamics o ed

| he | d f the ph
System | scihd g1 BRI Wi o cbBermiGes i BBk Ea s o1 ' may be
eal ized wiih enpl oy 2%88.”%22?”2 R, char adt or L2t on of the. soluion
etectli ut |
oot anet or Depehticon, the aibkriedt: hR o tRRE TS, bR Tobeh e dofhe Pbéiptt
addi tion tatedhstat asércal nudegtor ey i ag bbbl dshseesdrs chyldddimgtahpdatiqfiar -

amount of water, for example, to the lower phase as a reservoir solution. This may

n

- prevent, in particular, the formation of further nuclei and thus result in larger
| protein crystals. After the crystal growth of the initial crystallization nucleus or
nuclei has slowed down by achieving the equilibrium state, the crystal growth can
be gradually reinitiated and further promoted by adding a concentrate of the
precipitation reagent or a hygroscopic substance into the reservoir solution without

‘ D | initiating renewed nucleation. Th'is results in single crystals of substantial size. In
contrast to previously described methods (Chayen, N.E.; J. Crystal 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
solutlon 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



dynami c |light scattering are suitable for the detection of nucl eat [ on

events, because they can detect nuclei very early (Rosenherger, 30-
Vekilov, P.G; Mischol, M; Thomas, B.R ; Journal of Crystal Grovvt h f@‘yéom
168, 1-27; Saridakis, E.; Dierks, K : Mreno, A ; D eckmann, MW; Chayen

N. E.; Acta 30-Jan-2007 -13 Crystallographica, 2002, D58, 1597- 1600;
Spraggon, G ; Lesley, S. A ; Kreusch, Al3Priestle, ).P.; Acta

Crystal | ographi ca 2002, D58, 1915-1923). Further, the diffusion process my

al so be sto ﬂ i petting off the_m ddle phaseb wi t hdrawi ng a

suf fi ci enFW&#ﬁ AeraNi¢he2 O HdPe8pHadd - R0 d SpraglehoGtihkesley qBiAt; Kreusch,
conmuni cafpi 0 .t episeur p and the | ower
phase in %\heprrlgggé%g!ar Rfagd%%tweﬁ?gﬁﬁéggggﬁmr# 1Ibﬁl5t :ﬂg'? 0l uti on parane-
ters may be determ ned, foIIovved by initiating the diffusion process by
adding th d Rias r a B3P th erm

of initia urstgkﬂt ?:lﬁen par%omﬂ?@ﬁgegs]geﬁp%% %g §§0é3 ng B? pﬂé%&m@o?fdﬁ}e[ é‘ﬂltdla?erru

be real i zpHasa byuwithdraveingt énauffiatertcaraenht af itha mhlalngphafsé @atsdistdpgirgpthd i on
par anet er The second virial coefficient enaples co sions to be drawn
bn he. | niayiHo FRRETANCRiior SRt pEaRs o Chb 1 ER HORBRORR 2UIthrPIERES SNEnge
basi s of [digergRadedfnkhd Yeéﬁrvélrs%tg bfeTeWeldNem®sBRAENT, AnitiaP sBRIFRIN Farame-
pressure. A positive virial coefficlent indicates repul sive | nteractions
whi | e a nkgyatmney be ﬁ!ewrmle%f fallowedt by indtistane shatdiffesion \nrotersepueddmasthd t

I s known H] Hle?P%eguW[!] Q%Sd%epha\éb” al coefficient often pronotes
‘ At 8 1'g

crystalllza negative value results in a | ess ordered

precipitation (George, A ; Wlson, WW; Acta Crystallo- graphica, 1994,

JEO Bafec S R e a0 BB & o Sl
det er m ni ngeﬂﬂh&zm;aummi bvé rrealizerdoef Buch entvayahat atd conasratiorghasgataffectang
at def  nele ol HAbReFAPRIEPoLE SHRRCAYIE) COREIGF: SARPIeE CrREHSES 66 S
constant Bl’bwhtoﬁ $he | IFROFAABEUIEP Fhtetd@ioTR! BetVsErD Al RIFBHRScUI&TBIVRIChORS HRnt

bet ween several neas- urenents and unaffected by the diffusi on of - wat er

mol ecul esbesist Bk thesrenigegality of a solution with respect to its osmotic pressure. A

positive virial coefficient indicates repulsive interactions while a negative virial

coefficient indicates attractive interactions. It is known that a slightly negative

virial coefficient often promotes crystallization, but that a highly negative value

results in a less ordered precipitation (George, A.; Wilson, W.W.; Acta Crystallo-

graphica, 1994, D50, 361-365; George, A.; Chiang, Y.; Guo, B.; Arabshahi,'A.;

Cai, Z., Wilson, W.W.; Methods in Enzymology, 1997, 276, 100-110). Since, for

J - determining the second virial coefficient, a static laser light scattering measure-

| ment is realized over a concentration series of the macromolecule at defined

solution parameters, such as a constant salt concentfation and constant pH, it is

important that the solution parameters remain constant between several meas-

. urements and unaffected by the diffusion of water molecules to the reservoir

solution. This is possible in the initial batch mode of the novel method according to

which the diffusioh 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



solution. This is possible in the initial batch node of the novel nethod
according to which the diffusion process is initiated only after th;
conpletion of all measure- nents within a sanple array by adding the C &7
phase. In particular, the invention also relates to the use of the nethod,
the device and/or the three-phase systemaccording to the invention for
automated crystallization or for autonatgd screening. The nethod according
to the invention is highly suitable for use within the scope of autonated

r obot - assi sted methods. In conparison with 30-Jan-2007 -14 the classical

met hods, $hegniléssiealtingthadss sigrafiesmtin dessr eperatjons eate Adwiireab themistot mekse! vy
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of the system wth a plastic sheet or the |like are no |onger required.
Never t hel @Pplicatien of @ass fovass, thebuinidplEte govsnsaan the bealing ohibhe sgsteém

acr ool eculhe e Rt o GETHE g R EEalk IRGENELE TR,

a sanpl e dioppiovblvesa dynaraigallg setjabte enth@ointg a conti nuous edge which
extends hi gher than the openings of the sanple vessels. Wthin the sanple
vessels, there is the | ower aqueous phase covered by a |ayer of the mddle

phasel. Si ﬁ'(hebimlve_na'a:'rmlso $a||a}.‘m.:r to IaaSe\g'O% éd)re’oflai eﬂklst@l?g&ri]omblf rhél@*oﬁrwh Bdies in
vessel s can .be si .aneousl y.cover a layer of the upper phase in_ one
oper at i on.Wq?Fﬁlé_%BBEF‘hWha SALPRIR é’.eéﬁ‘gﬁ %’érﬁf@”@;‘s‘élfo[fﬁv@rsé Rie uPPeFtasaid
singl e corhi IO LEPPBASKa ARG EcHtirflb BO8Syd \whmhg&ttz_hesw@#@r FRRRHe opeHiRgE t.
In this way, it is no longer required to apply the uppef phase to eac

i ndi~vi dualof $henspeple yessels| Withire therbaaiptrevesselsashere isoihe loweplegueess phasemy

communi calcgy LUPHAN, Lh8: 3P E00 hiBlRS Brad i RAAR Eardilc LEBhOAIHA 21 BRLERA D
the |ateral boundary of "o oF “Ior Sanpl e VessaTSP £ e |'ower phase’is
appl i ed t @dgenkil tbasasampiplvessas seh bersinhilanesbslyi carired iy d feyel ofithie phpee in
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rate can berrhefd usngledcditiguous phase above which goes through the whole sample
o © support. In this way, it is no Ioﬁger required to apply the upper phase to each
individual sample vessel. In one embodiment, two or more sample vessels may
communicate through the second phase, for example, by realizing a notch in the
lateral boundary of ’two or more sample vessels. If the lower phase is applied to
‘only one sample vessel in this embodiment and the lower phase in the other
sample vessels is replaced, for example, by the middle phase, then the dynamics
) of the end point determination and thus the nucleation rate can be influenced by
the lower phase depending on the 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
véssel, wherein the lateral walls are lower than the lateral walls of the sample -

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



the | ower phase depending on the distance to the sanple vessel. This enabl es
a screening of the influence of the dynam cs of the end point deterg at58
on the quality of the protein single crystals. In a preferred enbod?hgﬁﬂﬁ é?
subsection (indentation) which is separated by lateral walls fromthe

remai ning part of the sanple vessel exists in each sanple vessel, wherein
the lateral walls are lower than the | atébal walls of the sanple vessel
Such enbodi nents are represented in Figures 11 to 14. Figure 11 shows a
sanpl e support (1) according to the invention with sanple. vessels (6),

| at eral waPMPlefveshels (@nppebsacsions { 5) Axinuhigh & sepasateddem e remaininrg
30-Jan- 20 tions (5) exist which are
separated%%Pbéfyﬁiggﬁ Eﬁ%%%%?bzéé?ggﬂﬁgﬁieﬁgnple vessel by lateral walls
(3). Such a sanple support can be easily realized by first realizing a_ body

of a sanpl S , i 0j, ect.) on~.0nl dj ich
body cont sk BBHte <|:BbafP AP b caliy 8RN BY FEL ARG, BAITRSamatd ©"
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sma an i C re desjgne to enable filling of the outer conpartmnent
by a si ngl® RESEL PE %ﬂm@*egf%@%ﬁérzeptp@stge qlmge'ﬁ?-dﬁﬁam bivarmal s ier y
of the sanp ﬁﬁﬁ@?cﬁcerid%rﬁﬁ!e@@dd%ﬁﬂsﬁma bd gélm érfhailhgn@é%i’&tb dedigRESS

g
is known to the skil person. The finishe sanpl e support 1s then
obt ai ned 9 ¢aRle fglingeofgthes Supgracempanessenteby a sindle appicetanodf thee uppdy .

roy HRr et g Bk, AR P0ut) PR SHSARLABE T, fuekasngh
si l'i coni zdbrmedoin she grodattiom proceps: & kaomhmhécﬁtiilgﬁ gerssn.aThat fiighedi ew
oot cn EoPiE S L oA 5 FEVERY bl S SRRVl e
macr onol e%&t&)rﬁfdflthbrbdﬂg@% s¥press AGERshHiIR frteraz8BA @itS ¢he FHBRAGIHA2BS thS)
of the sanple vessels (6). The devel opnent of crystals is noni- tored with a
devi ce (9)dlagsoplasramgvebe amarifiegs By penawn dnethpdsr o isHE@ce dreaimert, sighphe
support. |5 dew-atiof) fifzam-kfe schematic representation, the fourth phase

Figure 12 schematically shows a lateral view of a vertical section through a sample
support accdrding to Figure 11, Features 1 to 6 are real‘ized as in Figure 11. The
~aqueous phase of the macromolecule (fourth phase, 8) is added to the separéted
subsections (5) of the sample vessels (6). The development of crystals is moni-
tored with a device (9), for example, a microscope which is provided below the -

sample support. In deviation from the schematic representation, the fourth phase

) usually has the spherical form of a drop (rather than ellipsoid) and does not touch

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



usual ly has the spherical formof a drop (rather than ellipsoid) and does
not touch the vessels walls laterally. Figure 13 shows a sanple pos'%(Hon of
a sanpl e support according to the invention. Depending on the sanpl an-2007
position, up to four crystallization experinments can be realized. In the
center of the sanple position, there is a conpartnent for a reservoir
solution. Due to the central position anghssize of the reservoir, it can be
easily used for mxing the conplex precipitation reagents. The four
conpartments for the fourth phases conmunicate with the reservoir zone
‘through apositidest aheadimensidriseatsodiated inheilkmepirs anppoiyt seMhreabaxeomlafy t he
sanpl e sugglort Is made of plastic or glass. In the case of plastic, the
body of t ugﬁ‘npl e support can be realized by bores. The connection between
t he central position for the precipitation reagent and the conpartnents can

be realized bet ween the 30-Jan- 2007 positions. The
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phase,

a layer of the middle phase. Thus, water molecules can diffuse from the fourth

phase through the middle phase into the lower phase of the three-phase system.

In a preferred embodiment, the upper edges of the lateral walls of the subsections
are provided with a bevel sloping' inward so that the fourth phase, when applied, is

directed into the subsection.

) In a fLirther embodiment, the lateral walls of the indentations or compartments are
distinguished by different heights.

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.

1In 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 preférred

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



directed into the subsection. In a further enbodi ment, the lateral walls of
the indentations or conpartnents are distinguished by different heights. In
a further enbodi nent (Figures 13 and 14), the subsections for the pr@t_ﬁhgbow
solution are provided around a central reservoir for the | ower phase.
Especially in a first operation, this design enables a sinplified mxing of
the liquid for the I ower phase. The three-phase systemis then established
as has been described. In a further enbodl rent, the bottom (1) of the
subsections (5) is at the same |evel as the bottom of the sanple vessels
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imensions and relations are rggresented schematically. For an especially em-

ployed robot system, a sample support with suitable dimensions will be selected.

In a further embodiment, the subsection is elevated over the bottom of the sample
vessel, and the remaining part of the sample vessel, but not the subsection, is
partially or completely open at the bottom, so that all the lower phases are
interconnected. In this casé, only single applications of the lower phase, the middle
phase and the upper phase must be effected. This embodiment is employed if
different solutions of the macromolecule are to be examined with respect to a

o

single defined lower phase. This embodiment can be realized also if, in a sample
support with elevated edge according to the invention, 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 samp‘le 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



vessel, and the remaining part, of the sanple vessel, but not the
subsection, is partially or conpletely open at the bottom so that all the
| ower phases' are interconnected. In this case, only single appli c 20r8R=x2087
the | ower phase, the mddle phase and the upper phase nust be effected.

! This enbodinent is enployed if different solutions of the macronol ecule are
. to be examned with respect to a singleglefined | ower phase. This

enbodi ment can be realized also if, in a. sanple support with el evated edge
according to the invention, sanple vessel s are posi - tioned at a defined
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compared to systems sealed by plastic sheets. The use of an optically homogene-

ous cover can be dispensed with. Further, the refractive index of many liquids of
the middle phase employed herein is within a range of between 1.4 and 1.5, which
is a further advantage in the application of the above mentioned methods.

Further, the photographic images obtained and other parameters can be filed in a
J data base to enable subsequent analysis of the crystallization experiments on a
computer and/or to apply known image-analysis methods, such as differential
image analysis and/or edge detection. 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 ahd 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.



Further, the glass bottom and the optically honogeneous m ddle and upper
phases exhibit better conditions for the application of the above nentioned
met hods as conpared to systenms seal ed by plastic sheets. The use of3G#an-2007
optically honbgene- ous cover can be dispensed with. Further, the refractive
i ndex of many liquids of the m ddle phase enployed herein is within a range
of between 1.4 and 1.5, which 1is a furt{wr advantage in the application of
t he above nentioned nethods. Further, the photographic inages obtained and
ot her paraneters can be filed in a data base to enable subsequent analysis
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the crystals highly facilitates detection of crystais having non-cubic symmetry

using polarized light due to the absence of birefringence effects of the polymers.

The device according to the invention is especially suitable for automatization using
robots. Any number of sample vessels can be arranged on one sampIe'support (96
samples are arranged in Figure 9). Figure 9 shows a top view of a sample support
(1) according to the invention for the automated performance of the crystallization
) ~method having an elevated edge (2), sample vessels (16) and sections between

the sample vessels (14).

The sample support is characterized 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 middIe_ 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 phaée. 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
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perform ng classical crystallization experinents and is a | ess expensive
variant wiwth an optically honbgeneous bottom as conpared to existing sanple
supports. Over the classical high-throughput sanple supports used ng-Ja-n- 007
vapor-di ffusi on experi- nments, the optically honbgeneous bottom has the
advantage that the detection of the crystals highly facilitates detection
of crystals having non-cubic symetry _ugg0g polarized |light due to the
absence of birefringence effects of the polymers. The device according to
the invention is especially suitable for automatization using robots. Any
nunber of 9sanpll €orests BtanE&dshiBeiHoaB AFAhe S oRItey TR BIb MoTatUPAY ScibRbes B es
are arranged in Figure 9). Figure 9 shows a top view of a sanple support
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crystallization nethod having an el evated edge (2), sanple vessels (16) and

sections between the sanple vessels (14). The sanple support is
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These embodiments according to the invention can save a number of operations,
which highly facilitates the use thereof as an automated process. The automated
performance of the method is similarly simple as that of batch methods according-
to the prior éi‘t, but it enables a dynamic setting of an end point and a metastable
state. Further, time-shifted test methods on several proteiris can be realized, ‘in
which the protein is added to an indentation into which the aqueous solution
») (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,0. Paraffin

oil is suitable, in particular.



tions (indentations according to Figure 10 or conpartnents according to
Figures 12 and 13) separated by lateral walls. In a sanple vessel, Onﬁg@f
nore such subsections can be present, for exanple, three i ndent at i otts 904
Figure 7. A plurality of indentations. and/or conpartnents nmay al so be
arranged beside a reservoir. These enbodi nments according to the invention
can save a nunber of operations, which Zuighly facilitates the use thereof
as an autonmated process. The automated performance of the nmethod is
simlarly sinple as that of batch nethods according to the prior art, but
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phase). The diluted solution of the macronolecule I1s filtered, placed in a

crystal | i erystals form depending on the openness to diffusion and the layer thickness. If
the middle phase does not allow the diffusion of water and therefore is not suitable

according to the invention, no crystals will have formed after several days.

Since the solution of the macromolecule is mostly based on an electrolyte solution,
it is additionally required to evaluate the behavior of the middle phase with respect:
to the aqueous phase to ensure that the liquid used for the middle phase is

essentially non-miscible but .compatible with the aqueous phase.

To test the influence of a middle phase open to diffusion on the diffusion-inhibiting
%\‘D properties of the upper phase, the system 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 (Parafﬁ’n, low-viscosity, Merck; Ordering No.: 1.07174.1000) is used as

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



zation vessel and covered by the m ddle phase to be tested. Subsequently,
the setup is observed over a period of several hours to several days. |f
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pol ¥3y | oxanes|,, r.ando rs an% a bl polynmer. Table 1 1| |
Pol @di met hyl s(ﬁ"lﬁ?é‘ﬁe%ig%wﬁ(%ﬁ%& 3%??8?‘? trimethylsilyl-terninated:
phenyl met juyl Slﬁdﬂ%@‘hﬁe@ﬁ&ﬂgﬁﬁane %efh'yﬁﬁféwytsﬂoﬁén?ﬁ tkimetRPsIYermifhatdd; cane
Ql APlo(}_, Mcker- Chem e

phenylmethylsﬂoxane content: ~50%; viscosity at 25 °C: 200 mm?/s
(Silicone Oil AP200, Wacker-Chemie GmbH)

IIT | Poly(dimethyisiloxane-co-methylphenylisiloxane), trimethylsilyl-terminated;

phenylmethyisiloxane content: ~50%; viscosity at 25 °C: 500 mm?/s
(Silicone' Qil AP500, Wacker-Chemie GmbH)
1V | Poly(dimethylsiloxane-co-methylphenylsiloxane), trimethylsilyl-terminated;

phenylmethylsiloxane content: < 50%; viscosity: at 25 °C: 20 mm?/s
(Silicone Qil AR20, Wacker-Chemie GmbH)

Y Pdly(dimethylsiloxane—co—methylphenylsiloxéne), trimethylsilyl-terminated;

:) phenylmethylsiloxane content: < 50%; viscosity at 25 °C: 200 mm?/s
) (Silicone Qil AR200, Wacker-Chemie GmbH)

VI | Poly(dimethylsiloxane-co-methylphenylsiloxane), trimethylsilyl-terminated; -

phenyimethylsiloxane content: < 50%; viscosity at 25 °C: 1000 mm?/s
(Silicone Oil AR1000, Wacker-Chemie GmbH)

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

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

IX Poly(dimethylsibloxane), hydroxy-terminated, 90-150 cSt at 25°C

| (Sigma Aldrich, Ordering No.: 48,297-0)




I'1 Pol y(di met hyl sil oxane-co- net hyl phenyl si | oxane),
trimethylsilyl-termnated; phenyl nethylsiloxane content: -50% vi S%BSJJ t)éos.}
25 C. 200 mi/s (Silicone Ol AP200, \Wacker-Chenie GrbH) |11 ~Jan”
Pol y(di net hyl si | oxane- co- et hyl phenyl sil oxane), trinethylsilyl-term nated;
phenyl nmet hyl si | oxane content: X50% viscosity at 25 C 500 m2/s (Silicone
G | AP500, Wacker-Cheme GrbH) |V -23- '
Pol y(di net hyl si | oxane- co- et hyl phenyl sil oxane), trinethylsilyl-termnm nated;
phenyl met hyl si | oxane content: < 50% viscosity at 25 C 20 mm2/s (Silicone
O | AR20,| x\Wackmyly (iemstiyiSididdneY, trimethylsilyl-terminated,
Pol y(di met hyl si | oxane-co- net hislﬁ)her]yl sil oxane), trinethylsilyl-term nated;
phenyl met|hyi sjTaxRER" Bgaedish DMSEY QrrsdagiNg : HBR22598: " 200 me/s  (Sili done
O | AR20Qy7VaG CheT : ‘ _
Pol y( di mithyl ﬁ&%ﬁgﬁ:@dr?%@ﬁi‘f%’é’r?ﬂ’é’?'ﬂ%&aé’ﬁ& . trimethylsilyl-tern nated;
phenyl nmet hyl sj Haxahen Research, FMSS0%) Ovdardos Noy: HR225D5C: 1000 mmiZ/ s
| .
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hydr oxy- | &Fhi HENaBYTRligerePsgPYidmthyisiexape ety ialane «eRAYTRG No. -
48, 193-9) VI I |(|Al%liR/,(©ird€&H@;YN§.i:|\CB@-rlez)5 dyektopy;)t er mi nat ed, about 65 cSt at
25 C (S drich_Ordéring No - 48 195-5) ('X Pol y(di met hyl sj | oxane)
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((NByrral i dofRYY Y enepopyisneKiyrel) Anewh§ier oxane copol ymer  (ABCR,
O de#t ng [No. : | Sibmb2RIdriER! Bfdedts Nb. 48 l034-7

Pol y[ di yl (I gxane- co- et he\f/llr(%- hydr%’xymo)pm siloxanel-graft-

XV | Poly[dimethylsiloxane-co-methyi(3,3,3-trifluoropropyl)siloxane]

(Sigma Aldrich, Ordering No.: 48,257-9) '

XVI |dimethylsiloxane-ethylene oxide block copolymer

(ABCR, Ordering No.: DBE-224, Gelest Inc.)

~ To round glass vessels having an interio'r:diameterfof 6.5 mm, 500 microliters each
of the liquid to be tested are added, covered by 500 microliters each of paraffin oil
and incubated at room temperature. Initially, all liquids form 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 I. Thus, the liquids
II, I11, 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
conditionaHy_II 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 middle 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




pol y(ethyl ene glycol) methyl ether (Sigma Al drich, Odering No.: 48,239-0)
XI'V Pol y[ di net hyl si | oxane- co- net hyl ( 3- hydroxypr opyl ) sil oxane] -graft
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~ exenpl ary pRequ0e. oE/(anaNe 2: Test for diffusion properties of the mddle

phase The middl e phases to be tested are saturated with water. Thus, 5%
(v/v) of water is added to the liquid to be tested, m xed, centrifuged and

~incubat edIhtey as@eewall FficrdéitratdB/ platéd 1ayaicrdl herss af uhat IIMZ?ﬁTé/%dIJtQTn is

nting the formation of protein crystals by w thdraw ng water from.the
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prepared as I'T ows ysozymne Lysozyne, erln
L-7651) i gndo‘uﬁjr‘ere:loyemdsbwl\ﬂ@dmmoﬂterf‘,; oppaveilfierqil. Both setups are: rncubated at

22 °C and observed over a period of several weeks. In the selection of the liquids

to be tested, less expensive potential liquids were chosen.

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

observed:
[Liquid No. without paraffin oil with paraffin oil
I —~8 ~22 ’
I T |~8 ~22
2 Y; — ~6 ~22
VI T ~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.



filtered and adm xed with 1 m of the follow ng solution: 5% NaC, 100 nM
NaQAc, pH 4.0, 0.02% NaN3. Into a 96-well mcrotitration plate,

mcroliters of the |ysozyme solution is 3 charged per sanple vessel30a/88-2007
covered by 80 microliters each of liquid Nos. II, III, V, VI, VII, VIIl and
| X as nentioned in Exanple 1. Duplicate setups are prepared and further
covered by 100 microliters of paraffin _ojg. Both setups are incubated at 22
C and observed over a period of several weeks. In the selection of the

liquids to be tested, |ess expensive potential |iquids were chosen. The

f ol | owi ngEkabipte St @iffasibh®rbpaRTes 6F Whasy cﬁtbkgewm‘r@ﬂea ﬁf@_@@ﬁ@t@ﬁﬁmh@scoul d
be observed: Liquid No. without paraffin oil wth paraffin oi [ -22
1 ~8 -22 VvV ,,,6 -22 VI "7 X22 VII 0.5 "22 VIII '"vl X22 |X 'vl X22

Thus, diffdtend ofi theusi@btitbeaBArflaes @entibed ifE@mpiaM beasharasdieHag ey and
their influence on the diffusion properties of the paraffin oil excluded.
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Duplicate, setups are prepared and _further covered b 00
mcroli t eP$9% Mar@tioR Bglqesﬁu’@%gqﬂ'érﬁ%iaﬁﬂg fri i&r 885?@‘? e tgﬂﬁgs tyeesy He
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to the bottomof the vessel. Wthin a few hours, a slight” turbidi in

liquid WV issokfgsued drthasetve eanaipd dywraretlimyAfirirsevieral hours esuchelusbidity
hours SUENafsBr A5 ¥ liquids VIII and IX covered by paraffin oil. Such turbidity fails to

occur in the setups not covered with paraffin oil. If no aqueous phase is added to

the setups covered by paraffin oil, turbidity is not observed. If pure water is used

- instead of the lysozyme solution, a similar behavior is observed. The saturation of
the liquids as performed according to Example 2 is particularly important for the
hydroxy-terminated dimethylsiloxanes. '

Example 4: Crystallization of lysozyme in a four-phase system:

Structure of the four-phase system: As the lower phase, 500 microliters each of a
solution of 5% NaCl, 100 mM NéOAc, pH 4.0, 0.02% NaNj, is added to glass
vessels with interior diameters of 6.5 mm. Thus, the solution determines the end
™ point for the crystallization of the lysozyme. Subsequently, 100 microliters of liquid
| ’) No. V as mentioned in Example 1 is added as the middle phase. The 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



- par af:

Is also visible in liquids VIIl and | X covered by paraffin oil. Such
turbidity fails to occur in the setups not covered with paraffin oil. If no
aqueous phase is added to the setups covered by paraffin oil, turbliﬂiqn2Q97
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using an analyzer shifted by 90°, wherein crystals of non-cubic symmetry show a
light signal depending on their orientation (Figure 5). The portion of the sample
vessel through which the light path goes must be optically homogeneous. In the
device according to Figure 5, the measurement was performed through the lateral
walls. Especially for sample supports with a multitude of sample vessels, it is
advantageous to perform the measurement through an optically homogeneous:
bottom of the vessel. Further, when glass is used, a concave meniscus is formed at

'i) the lower/middle and middle/upper phase boundaries, which results in a centered
position of the drop (see Figure 4). 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 beydnd 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




met hyl si |l oxane as well as the volunme of the protein solution have a
significant influence on the behavior of the system Depending on t
application, these paraneters can be adjusted and optim zed. The sjgkkmﬁ%¥y
al so be further optimzed by the use of additives (e.g., stabilizers, block
copolyners, especially di- and/or triblock copolyners). If glass tubes or
glass capillaries are used, the birefri.ngence of the protein crystals can
be used for detection. Thus, polarized light is subjected to total
extinction wusing an analyzer shifted by 90, wherein crystals of non-cubic
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Crystalli TheireqUiran'@nItSLdenm fpst time wiitddler phasteem&tehpa&saetbm dke tshabiliza-

proteinslutl fro thr has syst e s_estahl.i shed
P10 S o6 vhpt o e ifib Bop R e AP Benf T R R g o o TRl
cryst al li aahupgbzrvnaé ol Rorives ldesEritsed im&xmp@@é%}ipl@a td€5€ PoBRfbneabdve: |t
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as gui del 'zg]seeS of?’ﬁ’é)wg1 ?)'Zoéiltére a/ooaa% e%vrPént attnI C)Hydroxy terminated polysiloxanes
(hqwds VII, VIII and IX) are used, a disruption of the upper paraffin layer can
often be observed, especially if lower volumes of the paraffin oil are used. How-
ever, the crystallization plate used here does not allow Iarge'r arﬁounts of paraffin
oil to be applied. In contrast, the use of a sample support with an elevated edge
allows for the épplication of a sufficient layer of paraffin oil over the entire sample

support.

‘) Example 6: Comparative crystallization of further enzymes: glucose isomerase and

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/mi 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.



reagent (see | ower phase, Exanple 4), 90 mcroliters of m ddl e phase, 120
mcroliters of paraffin oil, and 2 mcroliters of protein solution. -q']

requi renents demanded fromthe niddle phase with respect to the stabi fa?é2_007

tion of the protein drop are |less stringent than those in Exanple 4. Two
mcroliters of a |lysozyne solution as described in Exanple 2 is applied to
be positioned in or nigrate to the indedBation of the vessel. It forns a
drop which is surrounded by the m ddle phase and the vessel wall. Figure 7
shows a crystallization experinent in which the |iquid |X was used as the
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mat rix sanpling;: ascreenlng met hod for_crystallization of proteins; J.
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crystal | i 2enigbrg irap eexaguinpgreid isnbeth upn Aftelr el thedirgdpistyresedithe BetipGnhwere
Protein Crxﬁéﬁl lF'IgZLﬁ‘%' gnsI%\I%ea c%?nﬁ'g?'tsoh Qégf%ér‘r'glhgbmethod of the three-phase
~ system and the hanging drop. In more than 50% of the instances, the method of
‘the three phases clearly shows better formed crystals. Further, it could be shown

that the structure of the three-phase system using liquid VIII from Example 1 is
-compatible with all the 50 solutions of the screen. The precipitation reagents
consist of a selection of substances typically used in protein crystallization and also

comprise organic solvents.

:} Figure 8 shows by the example of three conditions a comparison of the results
generated in Example 6 between the novel methods (left column) and the classical
hanging drop method (right cqumn). The first and second rows give results of
glucose isomeraée, 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.



609120). The edge was generated by adhesively bonding a plastic strip of -2
cm and sealed with hot-nelt adhesive. The three-phase systemis established
by first applying paraffin oil over the entirety of the sanple supp¥t{an-2007

“fol lL.owed by adding the different precipitation reagents individually to a

reservoir each. Subsequently, Il a drop of the precipitation reagent with a
volunme of 1.5 pi is pipetted fromthe +Xservoir into each of three
i ndentations. Then, phase Il is applied by adding as nmuch liquid VIIl from

Exanpl e 1 as needed until the whole section of each sanple position is
covered, but not beyond the edge of theagaw e position. The plate is
subsequently incubated for two hours. Subsequently, 1.5 pl of the aqueous
protein solution is added to each indentation. In parallel with this
experinment, a classical hanging drop experinent is set up. After 18 hours,
pictures of the setups were taken. Figure 8 shows a conparison between the
met hod of 1.he #hmsthpthderthegrstatiizatibrt obmagngnotpcdiaspin @ thras-phaseny $ewm of
the instances, the nethod, of . the thrlee ghases clearly sho¥\§| beljt\ter f8rmad
crystals. FurtM&N9 PVeshl SOBERRGwR 'OVREAIRRUS ANFEEL P TBROIERR 3% BRI #hse
system usi ng | ivgped Pldrbphoisit fixsswihavihg 3 lov@rpaehditye thah nehak | oft Biee 3Ower
solutions of the screen. The precipitation reagents consist of a selection
of substances B{IHEEHS P)PasBeWhereiprotein crystallization and also conprise
organi ¢ solvents. Figure 8 shows by the exanple of three conditions a
conparison of the results generated in Exanple 6 between the novel nethods
(left colunm) and t @ afuesicaPlutivangl Hoe dnepomaleades ris giddedotaufiig .mirlsée
first and second ro j ' .and the last row
ves a resal tof sy aaadd PR forl prate I ATINTRNART 0 L hat

ter results are often obtained fromthe novel nethod as conpared with
cl assi cal nethods. : - X h i.zagi on
of macronol ecul’es i%ggr]?ﬁ?é%@%ﬁgggééﬁt@#cmﬁgl %\!ﬂgg\}‘é s%lta ‘i"é‘ﬁ%ﬁh?ﬁ%%'# wer
aqueous phase, a m ddlee rPtasenadidtely mixppieh tiy bvogpheitase; phase having a | ower
density than that of the | ower aqueous phase, wherein:

. 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;

. there is essentially no diffusion of water from the vessel through the

upper phase over the duration of the crystallization process;

. said middle phase is selected to have a diffusion of water from the

o

fourth phase into the lower phase.

2. The method according to claim 1, characterized in that said aqueous lower

phase has been replaced by a hygroscopic solid phase.

3.. The method according to claim 1, characterized in that said lower phase is a

hygroscopic liquid phase.

4, The method according to at least one of claims 1 to 3, 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.



|

an aqueous sol ution of the macromol ecules is added to the mddle phase to.
forma fourth phase, followed by incubation; said agueous solution of

- macronol ecul es forns a fourth phase which does not imediately m x $@-fdn-2005
I ower phase; said fourth phase does not mx conpletely with the | ower phase

until the crystallization begins in the fourth phase or at a phase boundary
with the fourth phase; there is essentighly no diffusion of water fromthe
vessel through the upper phase over the duration of the crystallization
process; said mddle phase is selected to have a diffusion of water from

the fourth phaise method becdramer tddBRfest DneTdtecl aBhd 20 0as CeHaberizedGhahat 1,
characterized irn that said aqueous | ower phase has been replaced by a

hygr oscopi ¢ soffi®) Vi§asalds designrd HeeHel aawayridiehghe Jourthi phase gras awt aomed
in that said | rcoPRAGEWitE tRe IEWEF B_ﬁLg ic liquid phase. 4. The nethod

according to at [east one of clains 0 3, characterized in that said
fourth phase mgrates to the phase boundary between the | ower and mddle

havi ng bedh i nt FSAIERPY AL Pine BELURR"S 0%y heSiBy M s B R8le, AT Rhate b

according to alodaeesin aneéndéntetiohns 1 to 4, characterized in that the
vessel is designed in such a way that the fourth phase does not conme into
contact with the | ower phase. 6. The nmethod according to claimb5,

characterized TRetrRathcipbecdraing tb BhRSLt iohe dfagahed1itd @&nchdidetti-zetqn.thét
The nethod according to at |l east one of clains 1 to 6, characterized in that

sai d upper phaSaldcépRed rissagoareing RABITINGOIl.The net hod according to at |east
one of clainms 1 to 7, characterized in that said m ddle phase contains
hydrexy-term nat ed pol ydi net hyl sil oxane and/ or ‘
3 8. The method according to at least one of claims 1 to 7, characterized in that
said middle phase contains hydroxy-terminated polydimethylsiloxane and/or

phenylmethylsilicone oil.

9.  The method according to at least one of claims 1 to 8, characterized in that
said lower aqueous phase contains salts, buffer substances, polymers

and/or organic solvents.

10. The method according to at least one of claims 1 to 9, characterized in that
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 10, 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.

12. The method according to at least one of claims 1 to 13, characterized in that
the crystallization is analyzed and/or continuously monitored by optical
measuring methods, especially microphotographs, light scattering methods

or spectroscopic methods.

13. A device for the crystallization of macromolecules in which a multitude of

sample vessels (6, 16) are arranged to form a sample support, wherein said



ygbuffer subst ances, polyners and/or organic solvents. 10. The net hod

phenyl net hyl silicone oil. 9. The nmethod according to at |east one of clains
1 to 8, characterized in that said | ower aqueous phase contains sal t3f)iJan-2007

according to at |east one of clainms 1 to 9, characterized in that said
solution of the macronol ecul e contains salts, buffer substances, poly- ners
and/ or organic solvents. 11. The nethod-agcording to at | east one of clains
1 to 10, characterized in that said nacronolecul es are proteins, DNA RNA
conpl exes of macronol e- cules, protein conplexes, protein/ligand conpl exes,
DNA/ |'i gand conpémwds suppordtheisrd Eabmigttmqsl ed@s ( 2 pwbtichi in/HDiNAe rctdrgpl mee@pemrhgjyses
or viral fragme 12. The rre o at | eas clains 1t

13, characteri ngﬁﬁ? PAHRE V‘?Sﬁg 'QS‘f'éﬁcﬁ %a[]q%éf;l ané %‘fﬁ%%ﬁlea di%)r separated

conti nuously nR@ink Ghedrdia@itid %@h‘\pl@ﬂ?&%! BY RRERPA%IILEPEER dists in egch
m cr ophot ographs, l|ight scatterin or spectroscopi c nethods. 13.

devi ce for theSempie pssel46j éﬁ),o\f\'gﬁlfﬁtm @h@k@mopétson&pwheclat@rahwadlst(adé3bfn

o an- s007 suipattle S58edh 096! rd PR RuBIN S PP St LR T

t he openi ngs ofi4)he sanple vessels, in which at | east one subsection (5, 15)
separated fromthe renmai ning sanple vessel by lateral walls (3, 13) exists
in each sanple vessel (6, 16), wherein the top portions of the |ateral

wal I's (3,143) TRe déWesaéwr@m»ge@sghﬁn arse whatein tHeabotkb® (19t & e WMsketi®is t he

sanpl e vessel 24, 14 14. The device according to claim13, wherein the
bottom (1) of {hkiss arepdevel 3 the hattarmef dhasamuie vessels K6)-bot t om of t he
sarrpl e vessels (6). 15. The device according to claim13 and/or 14, wherein
the/DOpttom of the sanple support . is optically honogeneous. 16. The device

for “the cifst alhFzdevien ascorsing oirocaéml 3 a ®rdihg Wherainyths bogtom el tee t o
15, characteri zgd Ji0 <t 388 i 6 pCL HPR Mgk REo§MP! € support is

16. The device for the crystallization of macromolecules according to any of
claims 13 to 15, 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).

'17. A device for the crystallization of macromolecules 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 laterai

‘ D , 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),
wherein the lateral wall or walls of at least one subsection has a different
height. -

18. The device according to claim 17, 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).

19. A three-phase system for the crystallization of macromolecules in a method
according to claim 1, in which three liquid phases are on top of one another

in one vessel, wherein these phases are a lower aqueous phase, a middle



optically honogeneous and that the bottom (1) of the subsections (5) is at
the sanme | evel as the bottom of the sanple vessels (6). 17. A device_faor the
crystallization of macronol ecules in which a nultitude of sanple vedddas2007
(6) are arranged to forma sanple support, in which at |east two
subsections (5) separated fromthe remaining sanple vessel by lateral walls
(3) exist in each sanple vessel (6), whepein the top portions of the

| ateral walls (3) are lower than the lateral walls of the sanple vessel (4),
wherein the lateral wall or walls of at |east one subsection has a different
hei ght. 18. Thshabevame aAcesyel gdrophebizi phaké, h&1ag aciewdrz@shsity tHaat tHdteof
bottom of the sanple support is optically honbgeneous and that the bottom
(1) of the suUb&deVEbRGUESYS PRage. the same | evel as the bottom of the sanple
vessels (6). 19. A three-phase systemfor the crystallization of

macronol ecules in a method according to claim1, in which three |iquid
phases ardd.-on s treeopbasteysi@m aogoetiag esdaim Lihenbierein el Ipwasddasee a

| ower aqueous ] £.,30 - : r r ophobi ¢
phase having a 0@%?‘ﬁ%ﬂéﬁ%&SYﬁ%mQ@ﬁgﬁﬂggPh%ﬁng§§E$%§8 edﬁ@ﬁgﬁggé%'zo. The
t hr ee- phase system according to claim19, wherein said | ower phase has been
repl aced oy a hygrescopi,c phase .of sol,id angd/or.lj,qui,d .nature. .21, Use a
nmet hod a rdi Lr%egf’ acﬂ"gﬁﬁﬂoi‘iﬁ"é‘ji‘ﬂ q ﬂ@'na%aﬁé’eigi’cﬂ‘gar S?W&a FSC%rW%FO a@lyaﬁ%fns
13 to 18 and/ aflaitnd hBewRr PBafFRI/oY St tHreaptrisdi JY8tde sdcaraBgltd ¢ieingd 19f &5 20

autonmated crystallization or for automated screening. 1,
for automated crystallization or for automated screening.
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