METHODS AND APPARATUS FOR PERFORMING ARRAY
MICROCRYSTALLIZATIONS BACKGROUND OF THE INVENTION 5
Field of the Invention The present invention relates to methods and
apparatuses for crystallizing molecules and, more particularly, to methods
and apparatuses for automating the crystallization of molecules,
particularly macromolecules such as 10 proteins. Description of Related
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15advasinecauhapdtandnziee thidu esndnmswlarecogrizédithady be critical for
identifying people predisposed to certain diseases such as cancer have been
discovered and their biological functions have been assessed in vitro and/or in
vivo. Recently, a new area of genomics, functional genomics, has been
developed, which involves a genome wide analysis of gene function by using

20 information and reagents from the genomic analysis and expressing the genes in
various organisms such as yeast. Functional genomics has generated important
information regarding the expression pattern of genes by using high throughput
screening techniques such as DNA oligonucleotide chips for specific genes or
high density microarrays. An underétanding of the network of interactions

25  between a protein expressed by a target gene and other macromolecules in the
cell is also being expanded at an unprecedented rate by using efficient screening
methods such as the yeast hybrid systems.

One of the ultimate goals of these genome projects is the development of

efficacious therapeutics against proteins expressed by disease genes. Among

30 various methods of drug discovery and development, structure-based drug

development has become one of the most important approaches, thanks to
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understanding of the detailed three-dimensional structure of a protein not
only assists in rational drug design and development in the laboratory but
also provides a well-defined target in high throughput drug screening by
using 5 computer-aided docking analysis. Solving high resolution
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bottleneck in such a chain of genomics and drug development. High
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A few au n systems have been developed based on
Presently, the hanging drop method is the most commonly used method

for growing macromolecular crystals from solution, especially for protein

crystals. Generally, a droplet containing a protein solution is spotted on a cover

20 slip and suspended in a sealed chamber which contains a reservoir with a hi gher
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concentration of precipitating agent. Over time, the solution in the droplet
equilibrates with the reservoir by diffusing water vapor from the droplet, thereby
slowly increasing the concentration of the protein and precipitating agent within
the droplet, which in turn results in precipitation or crystallization of the protein.
The process of growing crystals with high diffraction quality is time-
consuming and involves trial-and-error experimentations on multiple solution
variables such as pH, temperature, ionic strength, and specific concentrations of
salts, organic additives, and detergenﬁs. In addition, the amount of highly
purified protein is usually limited, multi-dimensional trials on these solution

conditions is unrealistic, labor-intensive and costly.



the hanging drop methods, for example Cox, M. J. and Weber, P. C.

(1987) J. Appl. Cryst. 20:366; and Ward, K. B. et al. (1988) J. Crystal
Growth 90:325- 339. A need exists for improved automated crystallization
systems for proteins 5 and other macromolecules. SUMMARY OF THE
INVENTION The invention is defined in the independent claims. Some
optional features of the invention are defined in the dependent claims.
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1 L; storing the array of microcrystallizations under co Bighas the
molSRER By Easet nyentiAnaiibepsin thecaekyarnthdetectigment. The
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com ri}s;,es: formjng an array of  crystalline form
ol the molecule s needed. For example, it may be desirable to create a

crystalline form of a molecule or to identify new crystalline forms of a
molecule. In some instances, particular crystalline forms of a molecule may
have more bioactive, dissolve faster, decompose less readily, and/or be easier to
purify.

The molecule is preferably a macromolecule such as a protein but may
also be other types of macromolecules. The molecule preferably has a molecular
weight of at least 500 Daltons, more preferably at least 1000 Daltons, although
smaller molecular weight molecules may also be crystallized.

One disclosed method comprises: forming an array of
microcrystallizations, each microcrystallization including a drop containing a
molecule to be crystallized and a mother liquor solution whose composition
varies within the array, the drop having a volume of less than 1 uL; storing the
array of microcrystallizations under conditions suitable for molecule crystals to

form in the drops in the array; and detecting molecule crystal formation in the

drops.
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microcrystallizations, each microcrystallization comprising a well including
a mother liquor solution whose composition varies within the array, and
drop region including a drop containing the molecule to be crystallized,
the drop 5 having a volume of less than 1 L; storing the array of
microcrystallizations under conditions suitable for molecule crystals to
form in the drops in the array; and detecting molecule crystal formation in
the drops. Qi disciaserhmaihed. sapnises; forming an aray of
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embodime
mother liquor solution whose composition varies within the array, and sitting

drop region including a drop containing the molecule to be crystallized, the drop

having a volume of less than 1 pL; storing the array of microcrystallizations

20 under conditions suitable for molecule crystals to form in the drops in the array;

and detecting molecule crystal formation in the drops.
According to any of the above methods, the volume of the drop
containing the molecule to be crystéllized is less than about 1 pL, preferably less

than about 750 nL, more preferably less than about 500 nL, and most preferably

25 less than about 250 nL. In one variation, the drop volume is between 1 nL and
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1000 nL, preferably between 1 nL-750 nL, more preferably between 1 nL-500

nL, more preferably between 1 nL-250 nL, and most preferably between 10 nL-
250 nL.

One embodiment relates to plates for performing array
microcrystallizations to determine suitable crystallization conditions for a

molecule. According to one embodiment, the plate comprises an array of at
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least 36 wells for holding a mother liquor solution, each well having a
reservoir volume of less than about 500 L, preferably less than about 400
L, more preferably less than about 300 pL and optionally less than about
250 L. Ranges of well volumes that may be used ing:lu_de, but are not
limited to 25 pL-500 ItL 5 and 25 L-300 L. In one variation, the plat_e is
designed to perform a hanging drop crystallization. In another variation,
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o T e A ot ent e reservorr
appaYattesidrsetherehniic S0higratftetdsoiessuted éh@rcﬂi 410 Q[ff,aﬁhore
microgrystabizadi termipge suitable crystallization conditions for a
molonale e B a0 B R bt . Ranees
whicR{zvell tivlenhesi abetisnpp itionabiechudepthe laner ghaR stafion ul-500 pL

i ' [ f the
ap remagyin ther liquor.from a 15 plurality of wells o '
r%huﬁ%eal Igé I gémg?]/% e'hnk\(})]e(r)%%vs ISP ot R s gned st figoon tenging

dropdesgisnsetitatmulivelihiateasiiisnane e Lageatdess oy o

about: : lecule drgp station capable of delivering
b S e e s tmavell asan
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multipgll Rlpte is positionable; 25 a cover slip station on_whlch a plurality

of coverslips are positionable; a mother liquor drop statlon.capable of
removing MBPRs Sihedimsmtathelapatipos wetiprafethe multiwell plate and

delivering supmisialiet walkmes Al RINgh NG the pluralit of

coverslips within a volume range of less than a c_)u{ 12_%171 ;and 5 a
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15 plurality of wells of the multiwell plate and delivering submicroliter volumes of
mother liquor to drop regions on the multiwell plate within a volume range of
less than about 25 nL; and

a molecule drop station capable of delivering submicroliter volumes of a
solution containing a molecule to be crystallized to the drop regions within a
20 volume range of less than about 25 nL.
In another embodiment the apparatus is desi gned for preparing

submicroliter hanging drops on cover slips used in an array microcrystallization,

the apparatus comprising:
a platform on which a multiwell plate is positionable;
25 a cover slip station on which a plurality of coverslips are positionable;
a mother liquor drop station capable of removing mother liquor from a
plurality of wells of the multiwell plate and delivering submicroliter volumes of

mother liquor to the plurality of coverslips within a volume range of less than
about 25 nL; and



solution containing a molecule to be crystallized to the plurality of

coverslips within a volume range of less than about 25 nL. In yet another
embodiment the apparatus is designed for preparing 5 submicroliter sitting
drops used in an array microcrystallization, the apparatus comprising: a
platform on which a multiwell plate is positionable; a mother liquor drop
station capable of removing mother liquor from a plurality of wells of the
multiwell pl iver icroliter. volJumes of 10 mother liquor to
drop regipn%%ﬁ%%%%ﬁv%ﬁ%ﬁgégﬁt Fnog }\i/%!llly e Fange BF el (rpmes of a
abodebHin capfdiaingoleralecttotoscationstdbable ofdativesing of coverslips
subrpigHHtE L YRIMNESSE 8 RAWITOR GRPIRINNG a molecule to be

crystallized to the drop regions within a volume range of less than about
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submicroliter volumes within a volume range of less than about e,
mor&°PYEERDIY less than 15 nL, and most preferably less than 10 nL.

Also accordipitanyeith2heyeeMIPIMeRts & eRaaL.may be 20
included in the ?Fpﬁiratus or preparing submicroliter drops which is
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multiwell plate; delivering submicraliter volumes of the mother liquor to
TR

drop regions e multiwen ithin a volume range of less than
1sabout 25 nbrendinetivering Stierberediten belumessofta sebtian gaptainipg

a malﬁ%ﬂearti% Bxee r%olecule drop station are each capable of delivering

submicroliter volumes within a volume range of less than about 20 nL, more
preferably less than 15 nL, and most preferably less than 10 nL.

Also according to any of the above embodiments, a sensor may be

20 included in the apparatus for preparing submicroliter drops which is detects
whether mother liquor drops and/or molecule drops have been formed.

The mother liquor drop station and the molecule drop station are
preferably each independently capable of delivering submicroliter volumes to at
least four coverslips at a time, more preferably at least ei ght coverslips at a time.

25 Methods also relate to forming submicroliter drops for use in an
array microcrystallization to determine suitable crystallization conditions
for a molecule. According to one embodiment, the method includes:
removing mother liquor from a plurality of wells of a multiwell plate;
delivering submicroliter volumes of the mother liquor to drop regions of

30 the multiwell plate within a volume range of less than about 25 nL; and

delivering submicroliter volumes of a solution containing a molecule to be
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crystallized to the drop regions of the multiwell plate within a volume range
of less than about 25 nL; wherein a total volume of the submicroliter
volumes delivered to each drop region is less than 1 L. According to
another embodiment, the method is for a hanging drop 5 crystallization
and includes: taking a plurality of coverslips; removing mother liquor from
a plurality of wells of a multiwell plate; delivering submicroliter volumes of

the ragthsmiauas iadhroplH Mﬁﬁ%ﬂiﬁ%ﬁ}@iﬂ@ﬁ%% [ange of
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withigeaweldie danagf 1esR IhRNRP 2P Ak wherein a total volume of
the submicroliter volumes delivered to each coverslip is less than | L.
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solution co ainiﬁg a molecule to be crystallized to the sitting drop regions
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preferably less than about 250 nL. It is noted that the drop volumes may

be as smalf‘*§538H 10 FHEhes emadierubrdy prederdlinfonngotienesn 1
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1precision dispersbives deliveredds prafetahhlessinan ?r?z&f%ét@fﬁé&'sghan

mor% rigr !y%lltesisg han,20 nL, more preferably less than 15 nL, an
modt [SPFE [BELVFIE Ry R croli ssreelumpssiimeolalismegntaining a
deliveskdunay alserbaHehaeanthé sitting drop regions within a volume range of

less than about 25 nL; wherein a total volume of the submicroliter volumes

delivered to each sitting drop region is less than 1 pL.

20 According to any of the above method embodiments, the total volume of

the submicroliter volumes delivered is preferably less than about 750 nL, more
preferably less than about 500 nL, and most preferably less than about 250 nL. It
is noted that the drop volumes may be as small as 380 pL. The volumes

delivered preferably range between 1 nL-750 nL, more preferably between 1

25 nL-500 nL, more preferably between 1 nL-250 nL, and most preferably between

30

10 nL.-250 nL.

According to any of the above apparatus and method embodiments, the
precision of the volumes delivered is preferably less than about 25 nL., more
preferably less than 20 nL, more preferably less than 15 nL, and most preferably

less than 10 nL. The precision of the volumes delivered may also be between



380 pL and 25 nL, more preferably between 380 pL and 20 nL, more
preferably between 380 pL and 15 nL, and most preferably between 380

pL and 10 nL. BRIEF DESCRIPTION OF THE FIGURES Figure 1 is a

block diagram of a crystallization system according to the 5 present
invention. Figure 2 illustrates a method for using the crystallization system

of Figure | to perform a protein crystallization trial. Figure 3A illustrates a

top vi well pl ich.may be usesgj o perform a hanging

drop ??a@tgﬁggmgéﬁgﬁﬁaiﬁ@%é?@%ﬂ sP(fe%ﬁ’é]v@Q)f‘{I’rériﬁmtﬁK/‘éﬁ‘Fmbly

platebftREeRdd ApFigedd 3AL. RiedirecBCrithistrblehariagp viesw of 2and 10 nL.
multiwell plate which may be used to perform a sitting drop array
microcrystallization. BRIE® PR SCRIPEYEN @‘ﬁiﬁ{ﬁ%ﬁﬁme

illustrated in Figure 3C. Figure 3E is a cross section of a multiwell plate

with a platejggyer., 135 Figures,.4A-4J illustrate the various stations which
can be inclu.d%d inliléﬁjéctﬂ ceﬁr ﬂhdl%?r&e(ﬁ R ERAAt pRgteanaecarding to the
sideViSREBT mypateolvading station looking across a plate track positioned
adjacent to the, plaje;joading station. Figure 4B is a sideview of a plate
loading stat%%ooking a%{r% %h%e%%rgféi’tﬁ&ﬁéﬁ%@’%ﬂt‘ﬁ@fi%éﬁ&‘éﬁ.Of
FiguFderes i & prrdoianasrreltiarcepstel teatingtsidtion for reading a bar

code includeghar 8 yitwellplate Figure 4D is a.sideview of a sealin
medium stat%n for applying a seﬁir\l)g %8&%%‘%&%@%}3 I g&&é‘é‘f‘w used
defife s amabargipatorsmgorswerisaligeisaw of a plate cover

16emoval statiep ' I over from a multiwell plate. Figure
QOOs BENRVIAG, AP 953}% Bt I tﬂ ald
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4F is a topview of a mother liquor delivery station B H‘tBWWA-
of a deliver}/ BIBEIS fo lsiasey e misther! fiquoitivtol platiwell Qlates- 8t used

Figukeprtdsn £50sms arip Al AR IeryplAck for delivery of a mother
Figure 3D is a sideview of the multiwell plate illustrated in Fi gure 3C.
Figure 3E is a cross section of a multiwell plate with a plate cover.
Figures. 4A-4] illustrate the various stations which can be included in a

mother liquor delivery system.

Figure 4A is a sideview of a plate loading station looking across a plate

track positioned adjacent to the plate loading station.

Figure 4B is a sideview of a plate loading station looking along the

20 longitudinal axis of the plate track.

25

Figure 4C is a sideview of a bar code reading station for reading a bar
code included on a multiwell plate.

Figure 4D is a sideview of a sealing medium station for applying a
sealing medium to an upper edge of wells defined in a multiwell plate.

Figure 4E is a sideview of a plate cover removal station for removing a

plate cover from a multiwell plate.
Figure 4F is a topview of a mother liquor delivery station.

Figure 4G is a topview of a delivery block for delivery of a mother

liquor into multiwell plates.



liquor into a multiwell plates. Figure 41 is a sideview of a mother liquor
source storage bank. Figure 4J is a sideview of a syringe pump for
delivering a mother liquor 5 from a mother liquor source to a fluid injector.
Figures 5A-5E illustrate the various stations which can be included in a

drop formatiorFiyatesH Kguie SAdstmHoer W RELA ARt ipp.statien.
Figure EBuis a §idevi%¥§ T%f é{;}lrop formation statci:g}r]l. 10 %%?J?é 6%%93 mother

sideviewqo?lé pl(f)eatfél &‘L?re 5D is a sideview of a well cover
holder. FigureFguie alsideviewetiworalheauer ?Zs%‘?réor ploring wel
p

covers to be Eositiorfl d over the wells in a multiwe ate.el‘—slgur%s -6l
illustrate operat®H dfHHE HFLls Ysivhafiarns shmier putt EyuieliGAriHy strtas e liquor

drop forfpiRmBIBPIRHG RS RASHON Fuys, 68 lustrate the drop

formation station with a multiwell plate has been moved into position for
drop formatiof ‘&HEFa Ppekidl sree ithencreobinsmtjsitai averihe Waskied in a

basin. E}gﬁ@%ﬂ%ﬁéﬁs}g&the pipette holder moved into position over a
20 column of wells in the multiwell plate. Figure 6D illustrates the pipette

holder movedhigurpdgition wyevitve ofalldrgy Ssrhelder. frgiere 6E

illustrates the pipett golder.r turned tq its, rest position and a protein
delivery pipetgﬁ:}l %%eveg }ﬁﬁ)sbdc?si fon? fW@IF%’B%?P?@‘PF@QRe 6F
ill@strates the Fipteirs Oetivaijqipotieieyssitpitrest position and the
cover holder i .verteg§nd maved into_position over the column of wells on

the multiwell pEEECRGURR BESHIER ke vRihemvgdeldssuspended from
well covers ovepifeswills flevRi e AWVeI LR Gy sHales e BN Well covers
holder moved into paosition over a well cover storage componen{).r@n
to be positioned over the wells in a multiwell plate.
Figures 6A-6] illustrate operation of the drop formation station.
15 Figure 6A illustrates a drop formation station in the rest position.
Figure 6B illust;ate the drop formation station with a multiwell plate has
been moved into position for drop formation and a pipette holder is moved into
position over the wash basin.

Figure 6C illustrates the pipette holder moved into position over a

20 column of wells in the multiwell ﬁlate.

Figure 6D illustrates the pipette holder moved inio position over the well

cover holder.
Figure 6E illustrates the pipette holder returned to its rest position and a
protein delivery pipette moved into position over a well cover.

25 Figure 6F illustrates the protein delivery pipette moved into its rest
position and the cover holder inveﬁed and moved into positioﬁ over the column
of weﬂs on the multiwell plate.

Figure 6G illustrates hanging drops suspended from well covers over the
wells of a plate.

30 Figurg 6H illustrates the cover holder moved into position over a well

cover storage component.



Figure 61 illustrates the cover holder returned to its rest position. Figures

7A-7G illustrate operation of the drop formation station to form sitting

drops. Figure 7A illustrates a drop formation station in the rest position. 5

Figure 7B illu rate ta% f?ﬁ formation station with a multiwell plate

adapted to pen‘g}mc g %5‘ '%‘Fl%?/vﬁﬂ BIdsstathzraible MSpcsmwmﬁmn :
drop formatiari @mpngemglgge@% tj e wash

baspl)n e 7C%flﬁstrates the pipette holdge@n%(ﬁlﬁe% &Iﬁtg E)ln SRvergn to form
columﬁ’@\ﬁ H?The multiwell plate. 10 Figure 7D |IIustrates pipettes in

the pipette haidgn-aimnadiadae wrlp reaiRRsef Wellsin a,column of the
plate. Figure 7E illustrates pipettes in the plpetteQL er alfJ 85‘3\7&}@??}‘%0“

sitting drop rE&zEe TR Wi the diap ﬁlifmgtmats!:aﬁtgw&ﬂi’ . HUSEREESp]ate
h th d
e e IS IRCL I LS B s na don

region of a well in the colum

forme domiktzositand) aipipettegioidef enaved. ﬁwe&ﬁ-ﬁ@@(dgy@ggpggsm
plate track w ve the e track from a pin carriage
positioned be%:gug n{1 ?%7%051 Bécé BETBONRLIREVPRYiE gl areer a
track wnﬂmpmfoﬁéﬂgun&t&%%tm&a\pmﬁeneath the plate track. Figure

f§ is a sidevj W of r nsport assembly having a plurality of pin -
rriages. Figd AR RIBRHSS dhidhedtingterholfendligned with the well

| soIuti@ggl{ﬂgQ)faﬁeggei@g@glggﬁﬁgﬁggmeﬁgures 1 OA-10D illustrate
formation of crystals in different drops sized from 40 nL to 1000 nL.

Figure 11 lisEigESTRABRHEUEF eépapesinoths foiptierhottier dligies witethe 31ttmg
in thediae segess parIRf @ arvsialinatiandigl20 10

Figure 7F illustrates the protein delivery pipette’'moved into position
15 over the sitting drop region of a well in the column of wells.

Figure 7G illustrates a sitting drop formed in the sitting drop region of a
well. '
Figure 8A is a sideview of a plate track with a pin extending above the
plate track from a pin carriage positioned beneath the plate track.
20 Figure 8B is a sideview of a plate track with a pin of Figure 8A
withdrawn beneath the plate track.
Figure 8C is a sideview of a transport assembly having a plurality of pin
carriages. '
Figure 9 illustrates the composition of 480 mother liquor solutions for a
25 preferred coarse screen. |
Figures 10A-10D illustrate formation of crystals in different drops sized
from 40 nL to 1000 nL.
Figure 11 lists the mother liquor compositions for 24 mother liquors
used in the fine screen stage of a crystallization trial.
30
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DETAILED DESCRIPTION The present invention relates to'a method for
performing array microcrystallizations to determine suitable crystallization
conditions for a 5 molecule. The molecule is preferably a macromolecule,
such as a protein. Other types of molecules and macromolecules may

also be crystallized according Igseb EveRtpmdRe molecule
preferably has a molecular weight of at least 500 Dalton, more preferably
at least 1000 Daltons, although it is noted that the invention can be

applied to molatidesesdth iawaniBoleemiardq M{Sﬁﬂ% %5 he fmethod
involves formér_é% bz%rﬂ,array of microcrystallizations w Sfo;rp ertrc%mmg array

ere ‘eac
microcRStAf Iriegs dedatepranastithi ccristinhisa benditions for a

crystallizett ol a ThethRIdiHOTSHILHRRINNY ae%f@%%ji“ n vaies within .

the array, the drop having a volume of less than & S ot g protem.

microclySSNBAsSPArRlesHies andenaendivbesibsitabiefar QISEHBized
crystalg 1o ferRs i ' ray-Molecule crystal formation is

then det%gte%{fil% %ﬁéﬂ% %&%X% vl‘\tl%;lefl @Ee“%egglﬁt%o %@fgﬁe reblycdiana mglecular
be empksyekt mfamye@wal&dtmmnmmgrmmmﬂwx@oglwﬂm%mwgh

not limi ing,. drop crystallization methods and sitting drop
crystalﬁt%%%]{}rﬁg%%’%? E‘fﬁﬁ%‘i& %@ft iﬁﬁ%ﬁ;’p‘w&ﬁﬂ%ﬁiﬁmﬂem@d@olecular
ale prowidettin U.S. Pat. No. 5,096, 676 (McPherson et al.) and U. S. Pat

No. 5,419‘,2788%:arter . An importgnt feature of the present inver]tior) is
the utilization SFSHSHAPIBR Yﬁﬁwi%‘% B RATBle O ORISR bizstEotsophere

containiachthdoneisctuitiiariba sypializeddsyesatian ARt ibdule 1o be

preferably less than about 750 nL, more 25 preferably Tess than about 500
nL, an§THost st A motker lignan sahsisg frhose enmepoaitistioraribe wityn the

volumexrigpetnegh Rhvane L00Ak. JRiarably 1?,?19”

eﬁln 1nL 61750 nL,
more preferably between I'nL - 500 nL, more preferab y%%@en 1nL-
750 nIMifTAGRER braeas RFDERTeS HdEncond BT sulipblichmtsblekive crystals

eSS L R e

crystafhe dnape. fokmed hedesapilig byrekinthihmetinalesribeRriployed in any
crystallization method involving drops, including, but not limited to hanging
drop crystallization methods and sitting drop crystallization methods. Example

20 sitting drop crystallization methods are provided in U.S. Pat. No. 5,096, 676
(McPherson et al.) and U. S. Pat No. 5,419,278 (Carter).

An important feature of the present invention is the utilization of small
drop volumes. For example, the volume of the drop containing the molecule to
be crystallized is less than about 1 L, preferably less than about 750 nL, more

25  preferably less than about 500 nL., and most preferably less than about 250 nl.
In one variation, the drop volume is between 1 nL and 1000 nL, preferably
between 1 nL - 750 nL, more preferably between 1 nL - 500 nL, more
preferably between 1 nL - 250 nL, and most preferably between 10 nL - 250 nL.

Applicants believe that the rate of crystallization is dependent on the

30  drop volume where crystals form faster when smaller drop volumes are used.

As aresult, crystals can be formed more rapidly by using the smaller drop

11



volumes used in the present invention. This significantly increases the

through- put rate of the method for determining crystallization conditions.
Without being bound by theory, it is believed that smaller drops will

equilibrate faster than larger drops and that this causes crystals to form

more Soapicly uidkinate pfeguiinaioibis THievweehta beBIARLIARA e through-
relatlonshl bet en t t%?gée of dro evaporation and drop volume.

Meanwhilé tt‘?’ue %rv(a%g §LoesaiFaten tﬁ"m@ﬁlgmface

area. The surfaf@el@meadixig’:lﬂdf@m 59%6% deE SRABVIREAIY WIS s win
drop's volume. A% a result, aIarger drop having twenty times the volu une

of a Srﬁﬁﬁélfmf) t._hLagLa‘ygegérﬁm e tehdie cayseficaysiwliessfdranmore
twenty ipes e wifaoe ea oGS RURLAPR, 1Y ‘f“ g drggtm%mp

volume, one is able to improve the relationship betweern the fatet

evapoﬁm‘t)ﬁe(%%@é@é&dﬁﬁ@ﬁm@”@dMNdﬂmﬁthMemmle the rate of

accele i tal for op. A furth advantage of the
presen{?‘%ﬁgnt?on |s(t?é§t§]s 8 §r§p %f ru-f] §6€ Aidw 18ESTRtET aTea st a drop
be useadbes pmﬁnmemmmyaummbm@ sA®lamesHis 8 &fﬁﬁ{eé P &op
of crystallization trials can beh%?rform d using the same amount of

molec %@?@faﬂ%ﬁ% cAHe8 S5 drpRc(Rt@o lomkans-the nL) will

Twleculsioshaievaiaized ane Wﬁe&wm@e&@%ﬁ%ﬁﬁ@%a drop.
trials are needed in order to successw crystallize the molecu tis

frequeRty eHHnE S0P yalERea AR IS ARIa e inprasisisheatelgtionshiplieedeen the
In the %%m%ﬁﬂﬁ@t%ﬁ}ﬁ@c i,eaad %@%@%ﬁ&o abA0 REKS &ereby

lab work to uce and purify enough prot in to pérform 4

grystaﬁl%[‘étﬁfﬁttﬂalgqysiﬁga@mp@gré@t@ﬂkﬁ@tlnmtlmm s%e By reducllng the
- drop volumegpdfiepss molecule used pe rysta |zat|on
|éie t% S|g é i mven 49R

trial, it 25 becomes feasi mcrease
l:@/stamzlm alilowy tcstmamaéqcmhrmd tdpafas I&a&magetaa&anon trial. As

feasible amare ¢ binatori un approach to molecule
(:rysta‘lﬂ|z’£ag't|u!(i)%n%‘ci;r Al Since Oﬁé prfle f??% %g P&?ﬁ%l@% BrI{Rgmgd wsing the
reducremaymonnm,qmlwﬂmgehﬁrasgﬂ‘gr%%@ﬂﬁéaﬁagzﬁﬁeﬂ ff §'d?fﬁcu1t to
microli eed existed to 30 minimize the number of _
trials t% &% ﬂ%ﬁg&o%«: sfr?ﬁézﬁqt and, whenopagee sumbsrofe

molecgtigstallization trials are needed in order to successfully crystallize the molecule.

| 20 It is frequently difficult to produce and purify the molecule being
crystallized. In the case of protein crystallization, it can require one to two
weeks of lab work to produce and purify enough proteixt to perform 48
crystallization trials using drops greater than 1 uL in size. By reducing the drop’
volume and hence the amount of molecule used per crystallization trial, it

25  becomes feasible to significantly increase the number of crystallization trials
that can be performed. As a result, it becomes feasible to take a more
combinatorial, shotgun approach to molecule crystallization trials since the
pressure to conserve molecule usage is reduced. By contrast, pﬁor to the
ptesent invention's utilization of sub microliter drop volumes, a need existed to

30  minimize the number of trials that were performed at one time due to a shortage

of available rholecule.
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12 By reducing the drop volume, the number of nmicrocrystallizations that
can be performed in the array is increased. The number of
microcrystallizations in the array is typically greater than 48, preferably
greater than 96, more preferably greater than 144, most preferably

greater than By2ettisingtae thap habrilmbaLRAHIIG RS YSallizatians in

the arra %;;m also exm%ZSS or 384. For example?fgﬁ%ﬁgg%%é? jrions that
prepar‘fﬁ\% anpﬁyfo fi LAEAEG herersed; stdizuimberis tiasadbdtallizations
hereinir figsQaa g iamg,bgr oAl wlalel izations that can be

performed in the atf%?y also aﬁows a gre%:tsé?é r%%?g?gr%f% e&@ﬂt%%@?re
solutichTE 5B \Eeat e thay it mastmofreabiyupe seititions199et i8 H38:d that the

ayay. R RXIPRIRrSRHRG X f microcrystallizations can include
using greater than 28 stock so?ljﬁ’(g)gr?sx tgcl)ef%Wth ReFiFGEOL8BIakSHS For

used iPrERRPEE 85 ADRATeN fprgrspreingh ama@6winiotei peafgsaly greater

than ]x%ﬁ: 9;&59 -ably. greater, than 192 different stock solutions may
be used. ft[’?s noted t § ﬁgar%usﬁwrbbgr of"St8kk solutions can 15 also exceed

288 or 384. Hurreasingyles anrabpasthisde RSt ARIRINMSRS 80 nerformed in
different StOCkeﬁOhﬁfns' Smaller volumes of mother liquor may alsg be

used i T EHES FHR™IShmra sE & tisteneriostacksalslienisto be used to
prefers lResibrarabist SO ond @RI lagthaR ADAULA00 by OIS e

preferably less than about 300 L and 20 optionally’less than abot

Rang85 %t MOHRP G ettiorscaringiuge Being atenteh ttien Batsaveknailutions

limitegote 2R e mieRkkh Bt SobutiG0usedn s Aﬁ%yd%ﬁ%gg fhe array,
rysta

of microcrystallizations may include forming the  microc ¥i’0$f§9rffhthan

plate RfeIBERSPERRRINEEREE fkaaddd aom prafonlbin gressrttian abDdifferent

500 Lsteéﬁf%@m{d?ﬁﬁy‘ﬁ'@l?s*éa!lff‘}?ﬁo%df{ﬂé’{ é?h%??g%%%ée Sé&?%?&nﬁ]can

about 300 L. The use 6f small volumes of mot

IRultivelse preaed 28SerBdkic Bonatemphs rminpakeingissordvellsitmiRes 480

positigﬂﬁq ANR P iwell plate per unit area. For example, the 48 well
plates hav?ngsgowelﬁg%férr%e less than about 500 gL has approximately

the same foStpaiitrasRinee b SHiglaetiqupically HEROORSHHEMHPQIEY The
crystallilzation Fu@er reductiog of g:e .
volume of mother liquor used in the wells is preferably less than about 500 uL,
preferably less than about 400 puL, more preferably less than about 300 pL and
20  optionally less than about 250 nL. Ranges of mother liquor volumes that may

be used include, but are not limited to 25 pL - 500 pl and 25 uL - 300 pL. In

this regard, forming the érray of microcrystallizations may include forming the
microcrystallizations in a plate including a plurality of wells each having a
vplume less than about 500 pL, preferably less than about 400 pL, more
25  preferably less than about 300 L.
The use of small volumes of mother liquor allows the wells in multi@el’l
plates to be made smaller, thereby allowing more wells to be positioned on a
multiwell plate per unit area. qu example, the 48 well plates having a well
volume less than about 500 pL has approximately the same footprint as 24 well
30  plates typically used to perform protein crystallization. Further reduction of the

mother liquor volumes may be employed in order to further reduce plate sizes.
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mother liquor volumes may be employed in order to further reduce plate
sizes. 13 By utilizing small drop volumes, a significantly greater number
of crystallization trials can be performed using the same amount of
molecule. As a result, it is feasible to perform a greater number of

crystallizatio® ¥t Limgcsminilidraratioiumtise anogher bisioy SRIMIORIRES of

more MF@M?@ jed o] composition. This allows the mother liquor

solution to be fgrgrge%%ﬁlgaﬁ %gp%er%’“é‘%g Wiyt gﬁﬁﬁﬁﬁﬁeﬁ&"%igﬁf&%@cme- Asa
variedsatitiinttiscieasiyleAtspeafmmndingendhisumeiask SRAANBY RS twials, which
micro I%Q%n%gs forr.gée(‘i. of one or more multiwell plates. Egch. plate
prefer%[b y has at least 28 WENLIALFE PR Ry mesasvidelwediedimits

nost poetpratilyrat [Paist dfowelite HoRiAHIHBOISRTTIPIDHCIBHRES 0r 1, 2, 3, 4

small%(r/évells can be used which allows the same size plate to conc%am ’
I

more I RS SCPRAREHS thichans variedtwithin trysmisormation can
include champgdziadhf;co/alfl frmed (Heedls Cé%rﬁjc%%?gt Size of .
e.

the crystal, and the quality of the crystal's structu aractenzation or 1S

the cAfSTAPEAH BReLS pars el wrihplatgs.oEbghiatintg fmdgeblofiher least 24
droPWﬂ,@ﬁ@X@%&%? dﬂ@&‘?%@%&'ﬁ% %ﬁ%c%d%féf%%ﬁigﬁgg{n&dwens.

* within those drops. The method can also Include |

ompRitbiiziag tess enotivthdigliguomsaletionslincahie cE¥stais M ows the
dete rformin dditional crystallization trials where the
Csti'ﬂcaﬁg?%ﬁgfé 3 an%l& more &’ﬁﬁ

formulation of the mother Tiquor tions in which crystals were -
detected is fAitoerccatidingFig uits nilkdstatesteceris@zaliaprmuaiom A0 Riuge
| pgrfoggin%%t%s?]llization r%al. The crystallization system 10 can be.
dividSd it THHBE I S SRR {9 msd (mstdinaBhe staihghseraudhefatystal, and
crystallzqidiney S sy e hplal chSASIERECL o0 lnle (ack,.
ell plate

1 4. A transport assembly (not 25 shown) moves the multiw slgi%]ng
e ph% ‘1?5&3 DAkl 2By sakingidnages oftbecdrops amtiomlsyitgtha e

also inelydesa Beosessinse WHtARK ls%lﬁﬁﬁiﬁ@h%ifﬂfﬁ‘ igatgn with the
various stations 12. Suitable Eiro_cessing units 16 for usﬂé%vsv?t &

crystallizatidrPéyeithed s insLudsrislprti fiying dho cBBsositions of those

mother liquor solutions in which crystals were detected and performing

additional crystallization trials where the formulation of the mother liquor
20 solutions in which crystals were detected is further varied.

I_?igure I illustrates a crystallization system 10 for performing a
crystallization trial. The crystallization system 10 can be divided into vé.rious
stations 12 described below. During operation of the crystallization system 10,
multiwell plates are positioned on a plate track 14. A transport aséembly (not

25  shown) moves the multiwell plates along the plate track 14 to the various
stations 12. |

The crystallization system 10 also includes a processing unit 16 in
electrical communication with the various stations 12. Suitable processing unjté
16 for use with the crystallization system 10 include, but are not limited to, PCs

30 and computer workstations. The processing unit 16 includes process control

logic for controlling the operation of each station and the transport assembly.
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30 and computer workstations. The processing unit 16 includes process
control logic for controlling the operation of each station and the transport
assembly. 14 An operator can use one or more user interfaces to interact
with, disengage and/or to alter the process control logic. Suitable user
interfacts TRERKIY, i B ORGPTmiese wecmisuleremoritiensickeyboadengage

mousegs &ad dsagidhalls. | i ft rystallization system 10, -
the transport assembly %Pdrg%)%%?%%rrﬁg %gﬁr pl;%gut%aé TSt IFfe LeHisss igelude, but are
which BacHBEfS M@ panieuapritonstidrybonidstanseeihervsialization

system 10 incfydes Joading  station,18 where multiwell plates are
sequentially Ioadeogg)r%g%%é%gﬁg rg&s%ﬂ}%@%ﬁﬁﬁmz]&idh%mm@ssembly

aléo_inmgvﬁémmmmmmimmmrﬁh@p@g&pg%%@lp articular
multlwgdlllgha&els .ﬁgp.biargad. The cr llization system 10 10 furthe

includés a sealing meair statoh 22 HHOR Fﬁé&mﬁlgmmmmammg

be usestativapiSywhaeatingriweliphxés the soyltiwalinates.PResifically, the
sealing. medium can he applied to the uppﬁqedge o] quuic? regc‘r?e{l\bv#rﬁla {%/heﬁfsm‘:k 1.

defined I SAER3RLRHASH IR HAlsenrdudesidiar sedeoeadifprstaiseald where
betwearndnedpnas edanelabRuCPINEl AR Wall CECRMMONN, - o 1
well a

referred to as 15 a coverslip, which is positioned over ea

dthtiortBHhRe ReYaiin strlmeyBrdvaos e Akt AlizatialngymieiniOsalson 22
includeaoalaieaiuenlr MU HAAARHAGE BSOS AR o s he

delivered to or removed” from the multiwell plates. .

systerffabinggpadicioen derapplieditp dnciefiperyed SfaliRid2edbeAe wells

mothegdiguior ivered into the wells defined in the multiwell plates.
Differee&r%t motégﬁ?a%%%é%ag’r% Lpé) %% ivéfrlg %ﬁ%‘ﬂ%@?gﬁfrﬁ/@ﬂ@’eﬁﬁﬂ”@%méﬁﬂ

* mothéreliieondhe ipperetidgredieteinee] thed m@m@beﬁ%ﬂ%om%:é%md to as

5i?uoré:@g‘}ggsgeli¥v red into a.portign of the wells on a single multiwel

plate So the reraining wels ATe st Syeoeaeh &ell ata lataristigr ritheo

also inchstiEizativnsjerenation Ttation, 311G RRIBES i@u%_&%ﬁ@%&%ea plate
various wells are used to form one or more drops on a plurality o
covergﬁﬁgrtﬁ%Y#%éaﬁﬁ% § ShereRidiR e verctd wp delivestibtosimtiemove

28 alspondldhernsllivieN pRisaining the molecule to be :
- The crystallization system 10 also includes a mother liquor delivery

20  station 26 where mother liquors are delivered into the wells defined in the
multiwell ‘plate‘s; Different mother liquors can be delivered into different wells
or the same mother liquor can be delivered into more than one well. Further,
mother liquor can be delivered into a portion of the wells on a single multiwell
plate so the remaining wells are empty. '

25 The crystallization system 10 also includes a drop formation station 28
where mother liquors from the vgrious wells are used to form one or more drops
on a plurality of coverslips that will be placed over the wells. The drop
formation station 28 also adds a solution containing the molecule to be
crystallized to the coverslips. Once drops containing mother liquor and the

30 molecule to be crystallized are formed on the coverslips, the coverslips are
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crystallized to the coverslips. Once drops containing mother liquor and the
30 molecule to be crystallized are formed on the coverslips, the coverslips
are 15 positioned over each well such that the one or more drops hang
from the coverslip into the well. These drops are called hanging drops. It

is notecPeratienedioopriesniatieh siatiomsetdsEadiy,Adanted to fo%‘gm the

sitting dggpgryﬂi?.sitt(t)i%gfﬁro\%reg%ons of a multiwell plate by B(%I}l}vaélr%w
mother 5 liquors fron the variobeSElfoRsRrarsallas bbogiognimiping the

molecule to beltdsystedtizbdtthéhi SitiRgriaRy egions.. T he crystallization
system 1A%Ialllsgﬁincludes a plate cover delivery sta?%lnc%gv?/ﬁg? Iydapted to form
C

covers 34 CEn bR SRR SHERG A ep e ginns weH plaltevathela BineliRGe mother

caf theliquoisapepotieddacppimyanading siption 30 where the 10
multiwell plates can be removed from the %%%ﬁ%%%&%‘&%?f&%f&molecme to be

AIthouW%éﬂiﬂ&i@ﬁ@ﬁéﬂé@ﬂ 19gihmstrated in Figure 1 has the ,
various stationg, 2. RAsil round a single plate track 14, it is noted

that the various sta?_lons 1%%%%?%@@%&(@&@6? HRjptesurey dedivery station
each ciftivdwity pakmpveroihdiade fidsifisibebAQeg that ey pCthtQ.eThe

station %%VSCW t%ptioq%é ﬁ; included or excluded from the :

crystallization sy5tem 10, "EariNeFHIRPSHAbits  Pate H eadimtistatiorirBa where the

sHyuenueltthell tardkersbeensoedlsirigd Hpa@géér%q(]rl.for instance,
ed befo He

the plate cover femoval station 24 can be position re ode
reading station*S8°RERHRE AR fralizpsian oy strm d 6 tbtratédriatoSEAD DA the

carriedvatibat 3teiRgle Telals Ja late,20 cover delivery
station 29, can be_form% intgb{ﬁggﬁﬁﬁﬂt%eg %@8%%%8@ dfaitbisaptad that the
the platBHHSaHHENSAAAmBbe Thadsubinostationsibeeanmb hodnaiideg in @
single sy8 | ded. in.different independent
sub-sy??ems. : o%%%ﬂ?%%e%é&IggﬁM?QBBW%E@&@Y@inﬁOM 12
dthtiorB%, Qptinnalivbeiinel wladom m@&m&m&%@%ﬁﬁﬁ&ﬂ%ﬁ%ﬁ%ﬁ?'ﬁo

le the

26 carrpgaiacivgle é ingle mother liquor delivery system 31 w
drop formation stagttlog\ [a% mgep‘f&% Sﬁgh?gsgfwaﬁewheam the sequence

includdiusiratedineignrieht ProridoLmEEORSYSIREGIR: AR d0%24 can be
functi 2250 |%t%d wﬁp % dJC}artl ular station need not be carrie out
durin ctore the bar code reading station 20. Additionally, several of the

described functions can be carried out at a single station. For instance, a plate
20 cover delivery station 29 can be formed integrally with the drop formation

station 28 or the plate unloading station 30.
The above stations 12 can be included in a single system or can each be

included in different independent sub-systems. For instance, the tray loading
station, bar code reading station 20, sealing medium station 22 and mother

25 liquor delivery station 26 can be included in a single mother liquor delivery
system 31 while the drop formation station 28 and the plate unloading station 30
can be included in an independent drop formation system 32. Additionally, the
functions associated with a particular station need not be carried out during
operation of the crystallization system 10. For instance, the mother liquors can

30 be delivered into the wells of a multiwell plate by an external apparatus before
the multiwell plate enters the crystallization system 10. In such an instance
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operation of the crystallization system 10. For instance, the mother liquors
can 30 be delivered into the wells of a multiwell plate by an external
apparatus before the multiwell plate enters the crystallization system 10.
In'such an instance, 16 when a multiwell plate already containing mother

liquor reaches the mother liquor delivery stati the mother liquor
delivieaafsH By elpiaie f)ggr%l'té:gn 0 no?é‘éﬁ%}%?ﬁ Oérr??ci:ug?s{%tgl&%er

wells; AfterqRimisiosrysiatieatienaniey Higsdeteiiympantdbyirandssipgrated
a 5 multiwell ‘Flate througi,h a crystalli atioeél}system 10 such as the one
illustiateatidclvgtirothes HOTH THE Mitidetystallization array can be

observed for,the. formationol crusialandBRsGyeisiseptectbyeddressiiiop

of a particular well, -the quality of crystals within the drop can be gr;:illded ted in

for variolisvehiariaceshismeh ageysdligatpR sEe ! e frdiRanc!
formation, Wheh e allaHligkotelipadddnsad webese dildtnhdhe
C

cryst Ilé\lé%l an be compared’to determine which mother liquor was

assogisxedtiniiofeysuist Febambtystalsaassomrediaindrpreich Regicalr sell
e PR L T e e
e o e Comaraln L A
Lee‘??ﬂ&%%ﬁ%‘%ﬂ%‘?sgﬁ?ﬁLﬁ?&?ﬁiﬁ“‘ﬁeﬁmﬁ;ﬁﬁin

experiventdiaglpsssbiaeld sEfPEE R Sferent uniallizafog e acyt which
pluralit %%%XFF%&?J ﬁH%c'ﬁ‘ cHree diffsrant avmyish @ref labetechBaillization
. In

cs2 dhd each array two variables of the mother liquor
compegiirinagsncrementally varied as shown along the x and y axis

associated with each.array. iﬁ%ﬁﬂ ' i SEVEE b sayStA kgasen
: m\{?w %ret e%?ckﬂn%

§§(periments ér‘é% orme pH is varied from 2-8 in 25 intervals
of 2 apgl e UaiNhi4xpEDreists riend éromapGIB T thetePrROBioD Ofrfig mother

crystallization experiments.in the coar. %ﬁ@&ﬁ‘é' ~SQiegtates a
one oﬂ%‘ﬂ%ﬁ’é‘?ﬁ%%ﬁﬂ% & %?i%?eahﬁsa%\?:/% iC g?eld the best crystals or, if

technique for performing a crystallization trial. A coarse screen is performed at
an initial stage of the trial. In Figure 2, the crystallization experiments
20  associated with the coarse.screen are illustrated as a plurality of boxes set out in
three different arrays which are labeled CS,, CS, and CS;. In each array two
variables of the mother liquor composition are incrementally varied as shown
along the x and y axis associated with each array. For instance, in CS, several
crystallization experiments are performed where the pH is varied from 2-8 in
75 intervals of 2 and the % (NH,),SO, is varied from 20-80 in intervals of 20.
The crystallization experiments in the coarse screen are analyzed to
sele

ct one or more crystallization experiments which yield the best crystals or, if

the best crystal—likc precipitate. A coarse screen experiment
like precipitate is illustrated

no crystals form,
selected as producing a promising crystal or crystal-

30 as a black box in Figure 2. Fine screens are then performed for the

crystallization experiments selected through the course screen.
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no crystals form, the best crystal-like precipitate. A coarse screen

experiment selected as producing a promising crystal or crystal-like

precipitate is illustrated 30 as a black box in Figure 2. Fine screens are

then performed for the crystallization experiments selected through the,

course scréefiRE AR TR EEFEEHZERRRAIPSTEAEL S ARENTIE HBH SFTISH Y 2
desg@&%ﬁzﬁxﬁa&%@%ﬁw@@m themoth st iskigs caseaasition

use a crystallization experiment selected through the course screen,
indicatadhihizEigorexpersmeatrielpdkiseiare e therousia sexitadraied in
mother liquors used 5 in ' cr lzatl K

by dﬁﬁ% aﬁ\?aar%aﬁ,olngggi rllgqgggb'oen%%g%%@%ﬁtggg m%ftr%r %gﬁ%gﬁ%gﬁ used
the sglegtenexpaitmentstuliranencotazescreutébbexeakple sibtle variations in
mother liquors used in the coyrse, screen h%d e%th egg/\é%en 2-1811%gdtt§8m the
motHae RTACHYRE SEIBE B HSE I LSS h Al Hiy ST e RS HicH

)

liquogs, ysed-indhe fipe serapicxnasmemeMighbhavea pHiEbeiveeneen had
3.4 to 4.6. Further, by focusing the array around mother liquors having .a

pH of pBowrweene carnd s ARl TR ARE AalsgE o eliganAR Rad o PH
fine SCieenh S, FRLVIRABRCullE MR PBRIaLARAKG ihecet hiunBubes pi

coarse screen nin Figure 2 is 2.0 while the incremental change
10f theqestBidgthe finE wehearbalfer spingihia Figurarousdmotsrdigaesihaving
formed jn each crystallization experin ' ' ale alyzede fin
in ordéttd EqPé:’éftt 28 o rn%%?ggc%%ta%é%%%%%}gﬁ{ggr%s yielding the
best srsialsqr Etysiaitike: pteeipitatenshetysiatizativthepierimerg the coarse
selected during the fine screen expe iment is,illustrated in Figure 2 as.a

o HAUAFR APPSR Ch L e A GBI Ao st P

sufficigpily Higmaealitee3QRpebightisBlgierd ®isystals formed in the

experiment and perform x-ray diffraction on the isolated crystals t
lfesolve the FOIBEMEIRIGR I ARRGTY S RARTOR R Hﬂ;ﬁt&ﬁﬁﬁgwn are

mmh%ﬂg%& yserhin thegelested iee sei8 e AXRAIMAIYR Bseefither 9WIding

additiondl crystals. However, if the crystals formed during the fine screen

are ntitedfeatsuifitanty engsiajdinnpernignet TRy eAnHaRGRRAt selected
optimized bﬁl%aéigg %@recrxq %S%eerz{%ﬂgg{ ilésiﬁm% %S‘I?fé&ng@% BY&EHaving an X.
expe as thé starting point for an additional fine screen. Figure 2
If the crystals formed during the fine screen are of a sufficiently high quality,
20 one might isolate the crystals formed in the experiment and perform x-ray
diffraction on the isolated crystals to resolve the molecule's crystal structure.
Alternatively, one might use the fnother liquor used in the selected fine screen
experiment in order to grow additional crystals. However, if the crystals formed
during the fine screen are not of a sufficiently high quality, the mother liquor
25  can be further optimized by taking the mother liquor used in the selected fine
screen experiment as the starting point for an additional fine screen. Figure 2
illustrates a second array of fine screen crystallization experiments labeled FS,.
It is noted that this iterative proccés of selecting a fine screen experiment and

performing a finer screen array based on a selected experiment can be repeated

30  until a suitable mother liquor is identified for use in preparing crystals.
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illustrates a second array of fine screen crystallization experiments labeled
FS2. Itis noted that this iterative process of selecting a fine screen
experiment and performing a finer screen array based on a selected
experiment can be repeated 30 until a suitable mother liquor is identified
for use in prepgﬁﬁdnéﬁy%fé}’ﬁammmiemm&izpﬁmmﬁmﬁ@%sem

apparausesb g e i ' be used to perform the course '
screen array exper??ﬁeﬁgg é‘é@%’ﬁ%ﬁ%@%gg’ * EfJETR FIYdreRsTients described
analyzehiggfe tadighrn e pidprdis ahaly g IRERYiIoHVY RBAREAUNE than had

with drepsizagiaiges than. L microliter. It is nated that 5 the fine screen
array e%%erimeril?s may a slc% e%@rfé&%ﬁ’esdzﬁ& Wﬂ&é@ﬁ%aﬁdﬁ noted that

méthodSafdapesatuses aifbdmentsnidnwesins RiHayae.agsmed
Wherefggp&os‘]!;&&ﬂ?f%ta%e” an.1 microliter. Figure 3A illustrates a top

view of a multiwell plate AW Sﬁsrﬁg pRPYasswiaf the prrsensdevantion or may be
apparapesismbthelpeséiopisiesios e-parfarm AntHaging drop array

microcrystallization. %%fiflh:strated, the multiwell plate 34 includes a
support structaré'36 Riraien SePariangdrimel dvieihmistaidd &hiovmay be

Althougiddiguite # Hegiraiesma appimalsplale fa éf’ggeﬁtmt%ln?g 2 Welxlform a
m

38, the multiwell plate 34 can include a different number-of we Qi pe
Fdure %@%F&@E ArsRiavieTo By S Lizatinee s | dlestatit stratad]tiwd plate 34

Figure 3éidaach wsha8 dnciidasan 40 extending above the
support structure 36. The upper edge 4% |s%g§%?a %m%eréﬁ&?g‘f?m’é’lné and 8

layer &P¥Sedlihywsbdiignrsdsnidesyratase, maitivenpiied 10408 MRRST of 48
o mea S R s B e P Puelnas.
multiwell platé Binteorog @S withitvewealfehotants WERRIBNA9S M strated in
i e A Ea BRI Eprar sl orendipecanne the
letratad the multngl plate 24 moldce & Subper, SoOCR RS Shjeh g  aver

48 wefls %éeg f‘%&éedim% 58%%?&325381 Rsupphier do gheappetiedglt 40. The
i s AR 0 AR N
to be stacked on top of one another without one multiwell plate 34 interfering
20 with the well contents of an adjacent multiwell plate 34,
Figure 3C illustrates a top view of a multiwell plate 34 which may be
used with the methods and apparatuses of the present invention to perform a
sitting drop array microcrystallization. As illustrated, the multiwell plate 34 -
includes a support structure 36 defining 48 wells 38 arranged in 6 columns and
25  8rows. Although a multiwell plate 34 with 48 wells 38 is illustrated the
multiwell plate 34 can include a different number of wells 38. A well region 41
is adjacent to a sitting drop region 42. Although the sitting drop region 42 is
i‘llustrated as being centrally positioned within the well 38, the sitting drop
region 42 can be positioned to one side of the well 38.

30 Figure 3D provides a sideview of the multiwell plate 34 illustrated in
Figure 3C. The sitting drop region 42 extends upward from the bottom of the
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Is adjacent to a sitting drop region 42. Although the sitting drop region 42
is illustrated as being centrally positioned within the well 38, the sitting
drop region 42 can be positioned to one side of the well 38. 30 Figure 3D

provides a sideview of the multiwell plate 34 jllustrated in Figure 3C. The
sittiﬁ"ée%r?)% ré‘@idﬁ fih&?ﬁﬁ)&&?&%ﬁ%@wﬂa@m@m ag:lude a

As ilgsisatatlddy thel eioamay cHieositiRgdrop:segiond gg:ﬁﬂﬁrxgéygg fpper edge

recess where a sitting drop can be formed. Each well 38 includes an

upp&P SR IREARENRIHG ABREEESEHSGHE stAlkaurep86e dret O pperafeigly

40 ig.pretay wide enauglr that.a | seali edium, such as ..

grease, carﬁgklfli))%¥l applied%gé!:'}) the upperg ggégcgtfl% '?’ﬁ%ﬂgés%g?f%t?ﬁ%%?ea%%hed to
Spreférabiphasdzgddmadiry wprert affoammmafiweifolisshad igbmataekedich

on top of one another.withqyt. one multiwell plate 34 interfering with the

well %rgr%g'rﬁ‘%eﬁgﬁlaétafa%%ﬁ r%rﬁiu %?vzvuféﬁg 8%%8%2?&%&@@898@%%@3

be pesltiondtipiuer badheristineilotes 3Meis3B0-tuekaed f MR 3Rutwell
The plate cover 44 can be designed so the cover rests on the upper

edgélga@o%f the wells 38. As illustrated in Figure 3E an insert 46 can be

positioned RegyueeRdbe: m@@aﬁ%@ﬁo@ﬂi@ﬁ%@@épy&@%ﬁm@lﬁﬁ@g (S;'g‘f]asbe

insert 46 rests on the upper edges 40 of the wells 38. The inse

10remilzsiateeoin Hepridcolks wapcexer bé parmharisnifpedtsetiedcto theests
platg L5 ¢ %é%@g' éd%gsef@%?rt%:%%%ﬂg fe fxﬁﬁgs%%gﬁ ﬂ%;\f'bl%gg}%“al 22 46

the insert 46 provides a seal between the insert i dHE

40 ofathbenyelistBfhid bedesdo tiedpiae evapoddtianifithentnRiwellSE8: 34 so the
Suitable materials for the insert, 46 inclyde, but are not limjted to, soft
UbBBIERAR S PGk TREREHAT AL LA ANEUi ig e SRETAS oan be

multisyedvalsite f2dre ahd Relusieos haricadani4Rfermestion e RBAHe plate

~_structure 36. The multiwell plate 34 can also include a surface 50 sized to

Lorecdi0¥eh Bar LHaRIREkaP FePhiavRry Bomardieiblsmateriasoctivinsert 46
plalgQuersddscalberiala sendd saadBeiden SLCiRCe A7EMi0 RAEE i,
r nciudes

a bar code sticker. When the multiwell plate 34 or plate cove
a sUMERRIfOTAIAAMEPATBEPE STRIS tRecereLih & baB ubsdbls tiviteriigsf6r the insert

prefrahbiae BYR bR HarmMr vl i3 ime IR L e SRIRY
~ As illustrated in Figure 3A, the multiwell plate 34 can include a bar code
20 48 formed on the support structure 36. The multiwell plate 34 can also include
a surface 50 sized to receive a bar code sticker. Alternatively, a bar code can be
formed on a plate cover 44 or the plate cover 44 can include a surface sized to
receive a bar code sticker. When the multiwell plate 34 or plate cover 44
includes a surfaz:e for receiving a bar code sticker, the bar code sticker is
25  preferably removable from the rﬁultiwell plate 34 so different bar codes can be
fixed to a single multiwell plate 34. As will be discussed later, these bar codes -
can be used to identify the multiwell plate 34 and/or the contents of the
multiwell plate 34 to the system control logic. |
Figures 4A-47 illustrate embodiments of the various stations 12 of the
30 . mother liquor delivery system 31 illustrated in Figure 1. Figures 4A and 4B
illustrate a plate loading station 18 for sequentially loading multiwell plates 34



fixed to a single multiwell plate 34. As will be discussed later, these bar
codes can be used to identify the multiwell plate 34 and/or the contents of
the multiwell plate 34 to the system control logic. Figures 4A-4J illustrate
embodiments of the various stations 12 of the 30 mother liquor delivery
systeRi B2 Rigttatel 14- Fl:g}ﬁ\déﬂl‘“\?i@mé@mﬁaﬁdfm ilastiateimplat@ion 18

load [ I eII pI es 34 20 onto a
Pl e s AL ot AR S et ahemen

lookirgdieesstine pxammg@mmmhbmmms aBidevirpRtdanlae The

load] tign 18 I Okl wn the Ion nal axis of the plate track 14.
The b%%%%g%lg%g ta on mglesdaé%o %P@?t&}gﬁﬁd}l{@a Soritketielel 4 so

Srackibiptmbithekpldtexteads ddrextdmoie dsdSurmmihghaseof- e tower 52
tower 52. The tow er 52 includes a chute 54 sized to receive a stack of

U A SR R PR BYP B HRa ROk elbRifice Motmgeed one
statigh #f JpaHpgeides plate lowering mechanics (not shown) which can
be engaged to lower a multiwell plate 34 at the bottom of the 10 stack

onto the platéarplékeidading sation b¥ ghavincindsenlataieweningiweitiplates (not

34 iy I to,the plate track

4 e S e of e
1 Cénoumkmntnehglatetmm@pm aﬁheamlm@fmspprmmwwﬂl@lﬁt%ﬁdplam

loweyred the plate track 14 u the tQwer 52 as illustrated

o o e ol i e R e o h gt et 14

benaaﬂa mmweroseymme |pmmgzmearamqa§ﬁxate@réekemw%§ghaf or
new Weltngate 34 att e bottom of the chute 54 is also loaded onto

the AP ELBNTEPIR S PR RRE ALkt Bl A horwesvdemto the
multj;\ma plae Sbarrbacauentialtansiton. cach i welBlale ¢ Bnce the

the plate track 14, the mother liquor delivery system 20 31 can process

L SmarfPaHiTEHeRipland hes BaeRdTASRSES: eRratihp tastraTiAg raleh
mU“I'M‘lﬁgrﬁigtﬁz@éh%iég‘6&'@%%5@3’#5%%B@Wzﬁ%@%%&?ﬂgt%l Qfﬁgte

be easily adapted into a plate 34 unloading station by ope

lowdiitprheéihn aa Séveeo m@e%\%@s@@pmﬁmlcwsékamm}ate
plat?oﬁé&@&goge@e&@ HBR QWELP &Eﬁ’t&&:u plates 34 and sequentially position

each multiwell plate 34 on the plate track 14, the mother liquor delivery system
20 31 can process many multiwell plates 34 without an operator manually
positioning each multiwell plate 34 on the plate track 14,

The plate loading station 18 can be easily adapted into a plate 34
unloading station by operating the plate lowering mechanics in reverse. This
reverse operation causes a multiwell plate 34 located beneath the tower 52 to be

25 raised from the plate track 14 and added to the stack of multiwell plates 34
stored within the chute 54.

Figure 4C illustrates a bar code reading station 20. A bar code reader 56

is positioned alongside the plate track 14. The bar code reader 56 is directed
| toward the plate track 14 at an angle which permits the bar code reader 56 to
30  read a bar code 48 on a multiwell.plate 34 on the plate track 14. As described

above, these bér codes can formed on the multiwell plate 34 or can be included
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25 raised from the plate track 14 and added to the stack of multiwell plates
34 stored within the chute 54. Figure 4C illustrates a bar code reading
station 20. A bar code reader 56 is positioned alongside the plate track
14. The bar code reader 56 is directed toward the plate track 14 at an

angle awhiebadersiickdhehar sladedreadse bfuloeelreadea bar qode480aa
multiwell, #ate 34 on the plate track 14. As described_ above, these bar

codE¥HEAR FFMOF B AP R TET PR3 L e&ls Beifkiptrogiasessach bar
bar.gageystickghiochepiaaasvanl B aliwell plales B8P 3nEeAN  ristics of

reader 56 is monitored by the system control logic which associates each

bare EdE WathPlagadte Ui RIRI RRA AEFE YIS SiRG By baneingtdimited to, the

ch . G iy efice i
3 ore SIS Al 3 N PIal el bl S VUGS I i Wl e
- volumitiofeihplate fst 38 hattier theuttivlgivelhtd B84 3ietheiethe patkiomier 44, etc.

plate 34 ingludes a plate cover 44, etc. The characteristics of a multiwell
oo 34 iR e Eulle B R e
abouidhel nawtiee taplaticade tinfoemayiste abconthel togitwED PR®ENC R the
user can enter characteristics such as 10 identifying particular mother

liqUIS$B SSRGS irttor PAFERAASr LIRS SBGHET Lristige sygh as .
10 Furifstiflan %E&Iéﬁ%%@ﬁ:@f‘lﬁiﬁﬁm% Bedand dedeliveparietiar Wigss on a

into the wells 38 of the multiwell plate 34, the user can indicate this to the
syswhircontRpegit. BuehesellaRGRSTHOSCRGoi ¥ areshmebyd sredalitter
" e QNG MUY PGS i i BRI BN OO UG P R0 Adicare
override mother liquid delivery station in order to avoid delivering
additisriathmsyktentiqoideid e wBlies B8 0¥ tino v aitiwedr plavidssarasleady

multiwell plate 3 r i r delivery system 31
thoReen e S AR RLIG N B T e BEN SHRETToe can
15 10, dherribaractheisligaid st tiatgdsiatihrt e onddtivelyalat e ddvesin@dditional

ChTGIRGF M 3P MR CHotS B P LA the <ystom control
logic can pete miieiweiDPiste|Braidies tireagadtiednothetikqudiapgihape
been formed. Figure 4D illustrates a sealing medium station 22. The .
se a?bf%eﬁ%e”éhfﬁ? drop formation system 32 and/or through the crystallization
system 10, the characteristics associated with the multiwell plate 34 can
20  optionally be modiﬁéd by the system control logic in order to reflect the
changing status of the multiwell plate 34. For example, the system control logic
can note when mother liquor has been added, or when dfops have been formed.
Figure 4D iliustrates a sealing medium station 22. The sealing medium
station 22 includes a sealing member 60 suspended over the plate track 14 at a
25 height which permits multiwell plates 34 to be moved under the sealing member
60. The sealing member 60 includes a sealing surface 62 with a plurality of
sealing medium injectors 64 arranged so each sealing medium injector can be
concurrently aligned with a well 38 in each multiwell plate 34. 'fhe sealing
medium injectors 64 are in hydraulic communication with a sealing medium

30  source 66. Accordingly, a sealing medium can be delivered from the sealing
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station 22 includes a sealing member 60 suspended over the plate track
14 at a 25 height which permits multiwell plates 34 to be moved under the
sealing member 60. The sealing member 60 includes a sealing surface 62
with a plurality of sealing medium injectors 64 arranged so each sealing

medinmiinjestoreatn tenuitendy alorerwitaweb384neasNo te sealing
multiwell. plate.34. The sealing medium injectors 64 are in hydraulic

comMEMERIBHFHARE &Sealing medium 30 source 66. Accordingly, a

sealing mediuineamperdelvared fandiesaaing 22 Mgl source 66

to the portion of the sealing surface 62 adjacent to the sealing mediume the
injectri B mPRR Ffliel HHE A6 veln Meosoupiatiiwith atiteaidrs The sealing

govingitier ssalaamenier f0eiRle i ENEIR A8 00 3 e Bl

34. The sealing 5 member 60 can be moved vertically over a multiw

platetiBazouibated fy tHeeanaing mbeieet A) The dsaltegruesiabel Berally

can alsq.be t t lative to.a multiwell plate 34 as .
s e R R R e Tt e
limitexd tteuqre énuiueitic inistaresdiyiinitedc qistenen andieeii R EHIME Bistons
motors, 10 In.operation of the sealing medium station 22, the plate
‘transaﬁ‘élrf %%Jgg%@i%%m% multiwell plate 34 into a position where

1the wells 3gnphedsyitined plati34mameupositioped hanest ihe.5aaling
mediuméggectors 64. The sealing member 60 is lowered until the séaling

surfaSEEPl trERRES ARRIRELBIE HtigEuo Raskiowehs dlonwiels 38 in

multigelplaiecipiBecatise dlﬁ&iﬁ@ﬁéa]&é&@{ fhe ol elaiie %ﬁ Afers 64.

- aligned with the sealing medium injectors 64 before the downwar

of thé heshig Sriaprkar 60, inbowppsh widdheGesling shrfiask 88 wviciodesaat with
seali ' inj t i 2.1S i ntact with

the L R LN 18 SERERENIOEE Bl s BRI et
1 fransiatefithT meuléiterdl platesfitiors etigned with shalinglmembeig itgjdors 64
folloy, o%érﬁl‘é'%%%tha%o” &Qne§ﬁ$e°£é %g%ﬁ %‘e' ° héggggmp A0S0 of

may also be use a’epen ing on the geo
latereddhawsibli® entiacisfcasthbremlsdinméicttotlabuese ehtosHagisealifBice 62 is

Surfaig%c?nzt;& %%hutgxg%pggge%ggs %%%(%Qév\\;,eghg %8, the sealing member 60 is
laterally translated. The lateral translation causes the sealing member 60 to
20  follow a circular path along an edge of the well 38, although other paths may
also be used depending on the geometry of the wells 38.. This lateral translation
transfers the sealing medium delivered to the sealing surface 62 to the upper
- edge 40 of each-well 38. ‘
The amount of sealing medium transferred to the upper edge 40 of each
25  well 38 dcpends on the amount of sealing medium present on the sealirig surface
62 adjacent to the sealing medium injectors 64. The amount of sealing medium
delivered to the upper edges 40 of the wells 38 should be sufficient to create a
substantially airtight seal between a coverslip and the upper edge 40 of the well

38. Suitable sealing mediums include, but are not limited to, grease and

30  wvasaline.
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The amount of sealing medium transferred to the upper edge 40 of each
25 well 38 depends on the amount of sealing medium present on the
sealing surface 62 adjacent to the sealing medium injectors 64. The
amount of sealing medium delivered to the upper edges 40 of the wells

38 should besHbisiPR|LQ:aF8 3P Re SulsiaNRIL AT SeabNEWERN Arion may

coverslip and the upper edge 40 of the well 38. Suitable sealing mediums
inclbB&castibardanstdifonenacyigrdtang gaisonasalray %ﬁﬁgtrmedswell as

regrdQithe seAling-medivn Siaian g2 tne;éggrat?&'%cm &ad"

adapted for use Wlth hanging drop array crystallizations a

sittingy sheopzattay. @wstammts@n’sshwé@ércfme@hwgewﬂhmm@mf a well 38
5cry lizatio grs?ié% %}rtd%] aI Sh??'%g%@ med betwgle the % %%esg %‘rat\he well

5an overs p or other form 0 overmg meniber w
plaé’éfd over the well 38. Figure 4E is a sideview of a plate cover 44

removal st?tlon 24152)05|t|0ned ad!)?cen a platet k 14. 6rle plate cover
44 removal SfO ALY GRS e %%vc%n JrRA 18! Fiatan eftresigioned
as iHupicated Platbeakon lapeias Al aaddairsaly assiidiraad Ry g

arrow labeled B. A plurality of vacuum fittings 70 are coupled with the
canfAGE8S GthEPRRER SShUMRYR: Vel tbIsTtedabie tha gamse labeled A

10VACHHUN SHIIES 2 SHilRRE YRS R fittiog, 1a6kide: Bbukaémmmc@nm

rubber flttlngs having a cup shape and including a vacuum port in
pnefitiage toarencmiptatbwinittha semiagn GbandeartSropmegrageration of

the plate cover remaval station the Iate trans embl es a
mulg mﬂmFlfe éOAP mté{h pos?on ngeg?t to t e p é’t‘é" Cgover F%ﬁ%vg?g‘t%%/
If thmetudéntelt pfateo%&xhﬂsﬁtpla@b@evﬁtﬂégﬁhﬁvmgrbag@&&@mqucmdmg

Iatere)ég until each of the vacuum fittings 70 are positioned over the
mulfiATPBRE 0%k PR R G °é%"£§‘l% 2V RERLM SN of 20

15the vacuurm&ﬁnyspéeaafmlafq@etpratwadswﬁiqm%e&%m&ﬂzl he/aem
source is activated in order to |mmob|I|ze thﬁ)glate cover 44 relative to the

carffgePes. aaserehlyimayena sanitivel BRI PeRghRxtieche plate

;f;?egggafeﬁeoa@fsw@oaazaaqe 188 lifisthen! at%@ﬂa%fm@éb&v@}%ﬂ%g

carriage 68 is moved laterally until each of the vacuum fittings 70 are positioned
over the multiwell plate 34. The carriage 68 is lowered until at least a portion of
20 the vacuum fittings 70 are in contect with the plate cover 44. The vacuum
source is activated in order to immobilize the plate cover 44 relative to the
carriage 68. The carriage 68 is then raised to its original height. The vertical
motion of the carriage 68 lifts the plate cover 44 from the multiwell plate 34.
The carriage 68 is then moved laterally until the carriage 68 is positioned over a
25  plate cover storage component 72. The carriage 68 is lowered into the plate
| cover storage eomponent 72 and the vacuum source disengaged in order to drop
the plate cover 44 into the plate cover storage component 72. Finally, the
carriage 68 is then returned to its original position.
The plate cover removal station 24 can be adapted to a plate cover
30  delivery station 29 by operating the plate cover removal station 24 in reverse.

The reverse operation causes a plate cover 44 to be removed from the plate
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The carriage 68 is then moved laterally until the carriage 68 is positioned
over a 25 plate cover storage component 72. The carriage 68 is lowered
into the plate cover storage component 72 and the vacuum source
disengaged in order to drop the plate cover 44 into the plate cover
storysTovRenSATRIFHalY, aheé teerlgec6® isahan tetelingsiéB S When a

original ppsition. T. la moval station 24 can pe adapted to a
pla%%r%over ég defi §F3ﬂ s@tio%gngggﬁ% o e?téetiﬁﬁvt?{er%% StRIoRe AR @ plate
statiov@4lriivere et ofilid réverdeto peration £ asse s AN, LAYRL ¢4 @moval
be removed from thfﬁlplate 24 cov(gﬁtst%ra e component 72 and then

h

olacRii8R 8 SRR oRtRS4S (F DI SE5iB1 RSy aouRTs T ised with the

sbothjaplate &oyeivememalosiaion 24 and a plate cover delivery station
29, the plate covers 44 used with the plate cover removal station 24 can

be the sanfeBELHHifer &t 6T HeApnateolisrondelissa iiaiome Gyate 2
CvRISRLBRNSIANANIAR-EANTE die Waloppuadl ARAMRINGIIN! The mother

- delivery station 26 where a mother liquor is delivered into the wells
a miittive i gliaeraatatipe 2acnwudegropvealiere Sdiverye i dd aEach

lurality. of deli hutl includ l lock |
Do pe ey Silen Elobe 58 QIS e e e ek Sibdons 78

10coupiiad daitvbrpthomkiuaéors: 30 upistideitheitellvecyudunsied 76 shide tatedalivery
direction rejative to the plate track 14.as illustrated by the arrow labeled
N SRR DI BT BGPTSR LFE ot Rt o e Lby the
pistgRsWMHaLHGRIStanshe dlelachicuaoierso Mauit.4 Gy RSt il 1o,

view of a delivery block 76. A plurality of 15 lumens 82 extend through the
deliPBRIBIBEK MSORRYHFEHICHISIPES ARG ELF GRS BAPdelivery group 84

and a secongl daliyeny 89ue: 8Gop e Biackli A8y Bi6aR2 AVHNERity of
can be removably positioned in each of the lumens 82 as illustrated in
LSFigdvengrs §heviemd Hyomhtbadsiimnchogiop shhabmensafraargadvided
the deljv I Wiy inj ently2q . .
o e A R R A e
nunfiSesuthianensdien eachaleineMzbino npssioBs! inmaste aiihe duymantos2 as

tmhﬁl %Ii\i;yemb?cercf) &Vﬁgﬁré%ﬁ t*i%é‘lﬁ'rﬂ‘é’%' ﬁ ee%%h%%{ii\pe%aggo%pvm?@é Qt?'e'

arranged on the delivery block 76 so each fluid injector 88 can be concurrently

20 aligned with a different well 38 of a multiwell plate 34. Accordingly, the
number of lumens 82 in each delivery group 84, 86 is preferably equal to the
number of wells 38 in the multiwell plate 34. For instance, when the multiwell
plates 34 include 48 wells 38, each delivery group 84, 86 preferably includes 48
lumens 82. '

25 Each fluid injector 88 is in fluid communication with a mother liquor
source. More than one fluid injector 88 can be in fluid communication with a
single mother liquor source. However, each fluid injector 88 is preferably in
fluid communication with a different mother liquor source. Figure 4H

illustrates a mother liquor delivery station 26 having five first delivery groups
30 84 and five second delivery groups 86 which each include 48 fluid injectors 88.



plates 34 include 48 wells 38, each delivery group 84, 86 preferably
includes 48 lumens 82. 25 Each fluid injector 88 is in fluid communication
with a mother liquor source. More than one fluid injector 88 can be in fluid

* communication with a single mother liqguor source. However, each fluid
injectaxB81dipedieradymotikriti wormsounication withir dikfeserhohoflied injector
liquorggourcesFigure 4H illustrates a m gl%er liguor deliyery station 26
havin?ffge%i%{;@eﬂe%%cﬁ%g%m %é)l fVes&d ngbq ryPYFGtps 86
which each Figude 418 lidldejéetors BioReAlgatdinglycAR0AMRIBSAK 90 for

liquor, Sﬁ#lrce [ﬁse requirefg W#[gn each fluid injector 88 is in fluid
commid i§ TR T RF MRS ROTTRGY 3¢ sol e dapkgf dnglugen source
sidevigidefseomatherdiquny SRUEERISIAsER ?@%&%O@M%‘Q&Q'g%ﬁ%@} 94 can

mother liquor sources 92. The bank 90 includes source 5 holders 94

arranpeld maivERER AfTacther #anaoiearees 82 smdreantsi¢bid 9 aath oholif the
2 Plugl o thEUli L uEces S SRR AR (0808 90t NG c1a by -

bank 90 to provide easy access to the mother liquor sources
held bipglesinykesbatder 1¥lddYien satiemeldoheth pivecldHatet 84vBHS 38 each

wells 38. each, soyice halder, 94 pref Iy-holds 12 different mother

,quuors (s)%ruc Fggglgé??g rgggrra |Wg?’@§3azga§§5 iR c%ﬁ%%?ﬁﬁ%oﬁf@t%reﬁ (fi’ Gor
1$ourcascazdiviity) eatheatimpe imfhind ¢8 mcBICRGGS Wil @ JifferantflWgh each
injector 88 jncluded in the same . delivery group 84, 86. As a result, each
ol 5 SR E P SO O A S hAGsE A AR sl i the same
delivesatigeppRRhBes AR e0ker Hgunr msslaaﬂko%&ﬁ@rb%{m}lw&%w% can

each side of the plate track 14. The mother Ii%uor sources 15 92

positiBhaeridad Wik s eingdpielivaRcrToURah 186 irfimataerbinuarisaore bank
with ihe dalive JriRsba88 feagshialasideaf the t jlg t t%uor' sources

mother liquor sources 92 positioned on the opposing side of the éla
lgackHunesiipasd FrRpesHmritaptiameskhktdan/esyryfivipsSdmshivation

the opRASIRG &é‘ﬂﬁ/&%rt%?o%g@drgglﬁéﬁegt%ygﬁg 8@ Alion ol ihe mother, -
liquor delivery station 26, the plate transport assembly mMoves a muttiwelr
plate Bmbesmattea Papmsitmnedentlihepdetimr pidiockhZ Glatberidcid can be in

actuaﬁ%ga ggngx%wggﬁglr? \v/gtghﬁéj gel:ll\f\?r bg'?&'%s 84, 86 on the opposing side of the

plate track 14.

20 During operation of the mother liquor delivery station 26, the plate
transport asScmbiy moves a multiwell plate 34 beneath a particular one of the
delivery blocks 76. The block actuators 80 can then move the delivery blocks
76 so the injectors in a particular delivery group 84, 86 are aligned with the
wells 38 in the multiwell plate 34. The particular delivery block 76 and the

25 particular delivery group 84, 86 ai'e associated with the mother liquors which
the operator desires to be delivered into the wells 38 of the multiwell plate 34,
The mother liquors are then delivered from the mother liquor sources 92
through the fluid injectors 88 and into the wells 38 which are aligned with the
mother liquors. The delivery of ;rnother liquid into each of the wells 38 can

30 | occur concurrently and the same volume of mother liquor is preferably

delivered into each of the wells 38.
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76 so the injectors in a particular delivery group 84, 86 are aligned with
the wells 38 in the multiwell plate 34. The particular delivery block 76 and
the 25 particular delivery group 84, 86 are associated with the mother
liquors which the operator desires to be delivered into the wells 38 of the

multivell platgg3ge mm@raigﬁ%g@@gbg@o?auﬁ%‘?%g '&x}}%?ém%‘o*}e om

liguor sources 92 through the fluid injec 8 and into the wells
whicAR@eBaer Raeeeo risthdr iglots of heidtivety matmdthertqpida fluid

into gael.pfthe wall rrently. and the same volume |
of mqt% Iiéiuor is p?elgfrlggl% gﬁiﬁ%ﬁn%ﬁoa%ﬁro & Wélﬁ%e;%t tpthe tuid
Figureetiiu st dbesuglsprihyd pendpiféitdeline fhgdrotber: Seuerfrontid

other liguor.sources.92 into.a well 38 of.a multiwell plate 34 through a

S R PR R PR it e ades dmtsmeurce
fluid 9njecduBhidigecanfl8 Eirduil 96 Wiekilidcanduit 96 (%1 aid 5
communication with a syringe 98 positioned between the mother liquor

SourdRe BRI UK AR TSR L RIS i LSRR ot AFigw lobeled A.
be meghanisaly sambrenseskadaaxeandads HustatrdHYIRe 2HPWJ 2

labeled A. A first ginch bar 102 is positioned on an input side of the

syrin§ecend pingbackmnis pRiEAIRSE MoeAR PEBIIGHE0S thasoingat!§i8e The
19f thessyringer108- theutQ disstaingh Bacd §2.an0 Q}@tiogﬁ?% Riach on&g(er bar

106 are coupled with a rocker bar 110. In Figure 4J, ocker bar
occupits. dfifsigposiibthwrerkerzatilshO piemipisar f2t pasi pimcividrthehe first
fluid conduyj n. i ' f side of. the syringe while.the . .
outp B bt SRR AIATRAE RIS ChRR, O A S B Sl o of
- can dheupyyiageesbiid thesitiguididr e flikesneong pittebaimtOmdbshasted. The
pinched the flui?lﬁonduit 96 shirt on the output side of the syringe 108

t's

while" HHEB B U GBI RPE G IOBIRHA N Rt 0ad. PiRehy Bakd 6

1bar 1448;ganciel ahddiuRticaikiunogahietweendhedi sidend 8rc8Rthee 108 while
positiégérgs as illustrated by the arrow labeled B. During operation of the

syrin{ RIRYT fiderBERST BRREEd QR CEpRILEobsTdehodie roskerther 110 can
volurge ¥itbindiieaRy inee-d YRosnrdrdadiindhe AROPN RNt hstrated by

liquor to be delivered into a well 38 from the fluid injector 88.
the arrow labeled B.
During operation of the syringe pump, the rocker bar 110 occupies the
20 | first position and the volume within the syringe 100 is expanded by the amount
of mother liquor to be delivered into a well 38 from the fluid injector 88.
Because the fluid conduit 96 on the output side of the syringe 108 is pinched
closed, the expansion of the volume within the syringe 100 by a particular
amount causes that particular amount to be withdrawn from the mother liquor
25  source 92. The rocker bar 110 is then moved to the second position and the
volume within the syringe 100 compressed by the amount of mother liquor to be
delivered into the well 38 througﬁ the fluid injector 88. Because the fluid
conduit 96 on the input side of the syringe 104 is closed, the compression of the
volume within the syringe 100 by the particular amount causes that particular

30  amount to flow through the fluid injector 88 and into the associated well 38.
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Because the fluid conduit 96 on the output side of the syringe 108 is
pinched closed, the expansion of the volume within the syringe 100 by a
particular amount causes that particular amount to be withdrawn from the

mother liquor souiﬁe ?\’72% The rocker bar 110 is then moved to the
second position aMPHAY VSISRRETH tRefiopidiseusoal oy és Sedibiystrative

the ammupbed walhentcHen o A Eigiy §re e yll; 36 théouf%:rl%tg]tger liquor
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fluid i éfe_.?or 88. Because the fluid conduit 96 on the input side 0
syring@ AR SigUeR 2theandrebrdesrarothne fixsl deleverthiiie SYARGE:s fow as
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mothe BIRIRSr Ut as engo M dicols delt airp \shustfo il usifadivea RUPRSESivery

only a variat e ppssible. Far. instange, a mother liquor

Ceihve S e o At Sho e s e 74 can

few asbostetibuathias!eachtdeiveiytshtitie 74 CABIREMERYNOEINABNRion of the
shuttle 74 includes a

deliver ? roug r a few as one. Whenp a deliver

singlo MBI ERT R S RO RE B AR5, ST LB Plack domalemeatan roused to

delivepesitisilaspiioar beidaenad s SRR SURY My the mother
e

Additignally, the combination of the plate track 14 movement an

d8iiverABRBE e e svaprinlbafabiversddnty Hssiotss particotadingly, a
injeCt%a?@cﬁléﬁ*rﬁd%ﬁéﬁﬁkél?JrW&xu %mfﬂvé?@afﬁgg‘ Ladilghors fgﬁ rﬁe-
r 3 a paarﬁlcuel other

sequentially delivered into the wells 38. Accordingl
liquor can beftighis &4 1hkoi Hystrate varios|sBaidrig) i et Al BRIEIEMRE] in 2

vario ' t encluded; i rop formation system 32. It
is notué&d ?Eat the%grgg%rgﬁag[%nlg%%orﬁ%ﬁ %u 'r‘r§{88 ?f}rf@ﬁté‘i’& Y ERares
5A-5Bligdnkeddd fogarchanBigorel Sphafiys Hapyatabizatiang et prray
{grma%i ReS¥sism 32_[:€1n J%e readily modified for a sitting drop array
crysta ﬁ%atlon v Caustig ThR ?ﬂ’&ﬂéﬁ%ﬁéﬁ%& %b?ﬁéwéf}ié@lﬂtﬁ% fora
dropssttting deqaited ayssidintbdop eaaiaip B0boumiiue! slols Iy

p.

such as jge ne illustrated in Figure 3C, as opposed to on a cover
Figurd™SA4'S F&é"%ﬁ%‘?&* &R rRestisH emusite anopriegicn 3R isfa

sidevigwl @hid1e flEePIPrHAHQAR flatipr M@eﬁrﬂf’ﬁfﬁ@e&‘?&[‘ asst%t;i)%rcl)sze toona
coverslip.

20 Figure 5A is a top view of a drop formation station 28 and F igure 5B is a
sideview of the drop formation station 28. The drop formation station 28
includes a wash basin 112 through which a cleansing solution can be flowed.
Suitable cleansing solutions include, but are not limited to, water. The drop
formation station 28 also includes a molecule solution storage component 114

25 baving one or more molecule solution wells 116 for storing solutions containing

' the molecule to the crystallized. The molecule solution wells 116 can be capped
for storing the molecule solutions when the drop formation system 32 is not in
operation. The molecule solution storage component 114 can be refrigerated in
order to provide cooling to the molecule solution within the molecule solution

30 wells 116. For example, when the molecule solution is a molecule solution, the

solution is preferably kept at 3-4 °C whether the drop formation station 28 is or

28



includes a wash basin 112 through which a cleansing solution can be

flowed. Suitable cleansing solutions include, but are not limited to, water.

The drop formation station 28 also includes a molecule solution storage
component 114 25 having one or more molecule solution wells 116 for

storing ' 1otiBhPeHHttamindhaideop dteouttdo itm:em&ﬁﬂlé@%&@@e@g@ﬁﬁg%epmps

solution ygellsi 116,681 ed_ for storing the.molecule solution
the drop formatior? syst%?ns § oL Sﬁ%trgé@r{oﬁ‘ﬁ@ﬂﬂﬂm%iﬂmion

storage compdhenirdn fovan thenretrigera®el id i@rieado @ng@é P@c@gr]qﬁ
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122 to Movea 16 v%ﬂa%eo‘f%g GBF?‘]@"’H%%R%#WQOYIQE the plate track

coverdliih STheagerRARRGAEARANE aRYSIARasitions ver the plate .
tlrgalck 14, The dro?_ formation station 28 also includesﬂgbr%gijé?:ge é?a’%mg‘&we 126

pipettd 158 SUMEEL iR Yersisaby ey indicdtpdibyirbicateciytibied F,
arrowllabeleg &s, idaiesally sl r beled. G and . .
longitudinally as indicated%sy thﬁﬁgﬁggggjgﬁg‘#ﬁn ogr%ll?ﬁg%%f Ilicated by

lateraf¥a AGE¥ drbalstoH ol lergitidiselirad Mitvea) pipstieol Atohallow the
moveg, I ) ' [ ition over egch molecule
S G e g o

solution well and a p ty of positions over the
position over each molecule solution well and a plurality of positions over the

20 coverslip holder 124. ‘

The above movements can be achieved by coupling the pipette holder
122, coverslip holder 124 and the molecule delivery pipette 126 to a variety of
different actuators. Suitable actuators include, but are not limited to, pneumatic
pistons, hydraulic pistons and a variety of motors.

25 | Figure 5C is a sideview of a pipctté holder 122. The pipette holder 122
includes a pipette support frame 128. The pipette support frame 128 holds a
number of pipettes 130 equal to the number of wells 38 in a column of a
multiwell plate 34. The pipettes 130 are held at a spacing which approximates
the spacing between the wells 38 in the column of the multiwell plate 34. This

30  spacing permits each pipette 130 to be concurrently aligned with a different well

38 in the column.
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The above movements can be achieved by coupling the pipette holder
122, coverslip holder 124 and the molecule delivery pipette 126 to a
variety of different actuators. Suitable actuators include, but are not

limited to, pneﬂmtﬁﬁéiﬁ@@ el 95?%”%%“%& é\{ %rie 'o&g)fgégéﬁng from

25 Figure 5C is a sideview of a pipette holder

includeS% Bt dUp bRy iaserIz®. Tirke fibetteraupopitiame d28:8alds (o

a numipekofininaies da t mber of wells 3 8 in a column of
a multiwell plate 34. The%pﬁsgg%spiggn gré) el HE Sating tsrapettes 130. The

apﬁ{omﬁe?% §9§ﬁiﬁ’g@étwéehvl¢mﬂm_tpﬂs>3§ ﬁﬁhﬁﬁ%&%@ﬁé&&h&xe pipette 130.
mulltivw . . Spagi ermits each pipette 0 be ,
cosimcurrent y gﬁ%ﬁ%&?ﬁﬁ% adi ér%%m@w’%?l p%WtFlg(Pdéq‘ﬁ‘%d@fEh@ﬁal volume is
pipettedtBOdred fiem aheapipetid2 and Sunskewalad extendingfrom a}geﬁot limited
valve 132 to a syringe F)PLeim‘% 118. Thecggrln e pump 118 can be used to

draw fll‘ﬁh".‘ﬁt’*é’??yeecb'?ﬁe‘f YA BARYalH G U carebsipenfasutedio deliver

The vatepsl@sinsni@segto delyanskanslanaL igefrom the
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182 inghudlgahuliase,Bdinied WeuRIGH ric yalves and solenoid . .
valves Whichchgh be c?)%figured to deIivgfel %%%’sagé ésm%?fzggeg gb%ﬁ“ﬁ}i‘l’é" the
aIIowsSEﬁ?’@Glﬁkftfbﬁ prasRuthaviegtiondrops as small as 380 pL. Further

reduction in t ize delivered by these pipettes 10 130 may also be
possible, WOLIBE} %qugﬁégﬁfggﬁ% ?rﬁ%sﬁgzgftg‘%ﬂﬂﬁh?ﬁmetﬁshgwwmé26 is
preseﬁmkgﬁﬂqhgﬁipeﬁ?]m@mmememfmﬁﬁ fﬂbﬁiﬁ%mﬁ@%{ﬁﬂ@ﬁ%ﬁ ette
pipett i$~similar to the pipette arrangement used for the pipettes
withinﬁﬁié%lggt%é ofder ’f‘§§ ’&%%6‘?8*68%8? f’r‘?gYﬁHremlj’réﬁaell' spipetudes a
196 atetvndidlend 4 Goraluit 132 anendisg e #34aNeNdNg, I pum
valve }ﬁg to,a syringe pu 118. The molecule delivery pipette 126 p
able t0 prpggge’}é?g?%gﬁegéﬁmr?lﬁ%ﬁé%%%ﬁﬁﬁ &%dilp&.mlﬁméc solution
reducmmwm@y@ﬁ%mxﬁéﬁo@%%ésd%% éi‘é%‘ﬁglit\)rgredl{nay also

desireézl, and is intended to fall within the scope of the present invention.
- be possible, would be desired, and is intended to fall within the scope of the

present invention.

20 Figure 5D is a sideview qf a coverslip holder 124. The coverslip holder
124 includes a frame 136 whiqh supports a plurality of support cups 138 shaped
to removably hold coverslips at a spacing which approximates the spacing
between the wells 38 in a column of the multiwell plate 34. This spaciﬁg
permits each cc:;verslip to be concurrently aligned with a different well 38 in a

25 column of the multiwell plate 34.

The support cups 138 can include an attachment mechanism 140 for
immobilizing the coverslips in place relative to the support cups 138. The
attachment mechanism 140 serves to keep the coverslips in plaée when the
coverslip holder 124 is inverted. However, the attachment mechanisms 140 can

30  release the coverslips at a desired moment. Suitable coverslip holder 124

attachment mechanisms 140 include, but are not limited to, a vacuum source in

30



20 Figure 5D is a sideview of a coverslip holder 124. The coverslip holder
124 includes a frame 136 which supports a plurality of support cups 138
shaped to removably hold coverslips at a spacing which approximates the
spacing between the wells 38 in a column of the multiwell plate 34. This

Spacg eI SRATUERYRERIR; 1A ReGARRWE igned with.a different
well glé%n a 25 column of the multiwell platlg?&g h%leg’&ggé?t{gﬁéé‘%é‘ cups
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[
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cups 138. Pulling a vacuum through the vacuum ports serves to keep the
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covetslip,pelder 12415 brvRatadidBe VaSYUIHGE bR @@%ﬁ?stm stacked on

disengaging thé vacuum source or 5 reversing the vacuum. The release of
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plura nes 142 sized to'hold coverslips 144 stac eénlgn top o
one dhetmagaZive dititk Theepanisiipbadteanithirtaganiagatitleapdtorandies the

10 biased upward untj] the coversli on the top of.th c J) near.the .

to oF I LERYEE I ST {1 8 e Rl SR 4 D9 Ypacing

?IO %@éfﬁﬁt@&ﬁbﬁ nSHaCiE hédwede m?smmym@a&sémi Mﬁemfﬁlﬁﬁpport

older 124. This spacing permits e magazine 142 to be concurrently
BRE T 58 SFoRE o

alignEHRVtB LHIREENTEER sg/0f &r&TPRIRIE 13 rom each

1ACCOrdipalind Caversinlddddtoipneachilibd daaeneslrprnualsoghe
aligned with a different support cup 138. Figures 6A-61 illustrate a

method for dp@HRaGHEldBIS oI AMRFDeIRs PRI T8 Abe 1HaPR FrErRRESE
in each.ghtheswste 38 iy ibyed Rt Rdr RO HgYRSREHERAIDE Dlate 34.

with respect to crystallization of a protein, however,
The figures are described with respect to crystallization of a protein, however,

the same method can be used for crystallization of other types of molecules.

20  Figure 6A illustrates a drop formation station 28 in the rest position which can
be occupied when the drop formation station 28 is not in use or between
multiwell plates 34 being transported into the drop formation station 28. In the
rest position, coverslips 144 are attached to the coverslip holder 124 which is
positioned to one side of the plate track 14 and the pipette holder 122 is

25 positioned to the opposing side of the plate track 14.
" Figure 6B illustrates a multiwell plate 34 moved into position for drop
formation and the pipette holder 122 moved into position over the wash basin
112 for priming of the pipettes 130. The pipette holder 122 is lowered until the
pipette tips are within a cleansing solutions within the wash basin 112.
30 Cleansing fluid is aspirated froﬁi the wash basin 112 and the pipette holder 122

is raised to remove the pipette tips from the cleansing solution. The cleansing
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the same method can be used for crystallization of other types of

molecules. 20 Figure 6A illustrates a drop formation station 28 in the rest

position which can be occupied when the drop formation station 28 is not

in use or between multiwell plates 34 being transported into the drop

forMaiiis stiatienrdicthftoen thstpppsitior 300VEs!ip®d<ks aragiieahadiod

the coverslip holder 124 w%wich is positioned to one side of the plate track
b 5 sk

14 SRHRED (R ABRGRT BOSIRSHERF IR B0 HRERRETY digmed
pla}gﬁéggg 14p Figure 6B illustrates a multiwell plate 34 moved into

position for drop formation and the pipette holder 122 moved into position

over the wEsNISLil1eoatss theriRFBF BRld5pAte O3 IR RIptiten over a

hO'E!Sfx#:é% J3 oueres iyl @ﬁt@mstmﬁéﬁevﬂm@ﬁ%@%@ﬁ%&%@%mh |

within wash basin 112. 30 Cleansing fluid is aspirated from the wash
basgpiptt2 apdsthégpasewiiheididferon welhidem iheaolnmenheé piocdiaghys cach

from.the clegnsing solutign. .Th i id4s then lled from .
e RRE L L g BRIt 4, IR P
reprateeeaunfibsnels pipareeisarpdsiachidvwithnahe tyothien éidupiiattas
130. Figure 6C illustrates the pipette holder 122 maqved into position over
Rk SR PN RorrBr o Do st

S0 aqchispinals fnis:aligeed tythmedidtenari-welkd8im dhe KpkiBn130 upward
Accordingly, each pipette 130 is associated with a particular well 38. The

pip&etecrsie thopipstRyiRS S tnthceweHSetth RPTHOpEtbRasPiAIGH mether

moer 940 (R Assariaied el Ao PPIHOTSL e MRS JUP  Bor

asplr% ed from eac 0 38 associated with a pipette tip. The actuators
the faliftbtuk pive tlesat3Tapsdanglitd Femove the pipette tips from the wells

38. A portian of the aspirated maother_li re,then expelled from each.
(?lglhrg %?()ple %ga?es g%}f&&gﬁgﬁega%g}%%vt% over &le OYErs.

pipette 13 motherTiquors e assoclated we
38. Irdiisie 10D dfidsiy piesitibredi pe tedhglimttt 2 PbrizoaiéghedevitheactiGienstip

Lo okl 24 o poetone) 6 29 DESCE B BALECUNS 11 i

COVEESHR AAFHHPaIER heW mehHnesaitash B enkapRdaisih d¥dise the

eng?c?v%?sti?pgrqwgglizgvghteo the suppoﬁ cups 138. One or more drops of mdther
liquor is expelled from each pipette 130 onto the associated coverslips 144. As
a result, one more drops of the mo"thcr liquor from a pa.rticplar well 38 is
delivered onto a particular coverslip 144. ’

The drops of mother liquor are expelled onto the coverslips 144 until a

desired volume of mother liquor has been delivered onto each coverslip 144.
The total volume of the drops delivered onto thé coverslips 144 is strictly
controlled. As discussed previously, a feature of the present invention is the
ability to deliver small volumes precisely which enables small drop volumes to
be used. With devices which can deliver volumes as low as 380 pL, volumes

can be delivered with great precision. The precision of the volumes delivered is

preferably less than about 25 nl, more preferably less than 20 nL, more

30  preferably less than 15 nL, and most preferably less than 10 nL.. The precision

of the volumes delivered may also be between 380pL and 25 nL, more



coverslips 144 relative to the support cups 138. One or more drops of

mother liquor is expelled from each pipette 130 onto the associated
coverslips 144. As 20 a result, one more drops of the mother liquor from a
particular well 38 is delivered onto a particular coverslip 144. The drops of
maitacligobarecipalad ae sos cousilBrtdastla.desiiad ¥e!
of%otﬁer?:guor has beg%qddelivere onto ea% ec%verglip 144. The tgtg?rg%
voluimemwt thestipogfsrdeliveredam 8hplcandrblipd.144 is strictly 25
controlled..As di gusse reviously, a feature of the present invention is .

the abilitypfg%%ll?ve} Sma %ﬁ?nggéﬁ%g}gﬁe%rv?k%ﬁeeinlanbel(ae%os %ﬂeatrgﬁsmon
voluiies toadoid wisededNVit i tewtc 62\ witloh maie celkvésl iradtynepaat 0¥ &Smoved

380 pL, volumes can be deliver ith. great, precision. The precision of
VR TR S B PRel Aty NS oS8 HROBHEion bver the
prefgiablydess: thRnmOedul R i PpaterRbly dosadheweked @A ARQstiar

preferably less than 10 nL. The precision of the volumes delivered may

alsoplepdasebiionysll ard 2y olums Sthemplseit fPBEigRaspatsg Once
0 ; i ,
é{w‘kcw@rﬁcﬂﬁgﬁ)%ﬁ?ggé&%ﬁ%%?ﬁﬁ%$§r fHe AEGSY 44, drops of

preterably between e 6E illustrates the pipette

~ holtterhaReetusnbuitn dre dedivsositiontotitsonatier liquonawebich Meupsegmusly
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Th olecule delivery pipette,126 is,m int iti ver .
SRR BRI o RIORANL SAGME B defiveree
theynplecddside liusnymeipéttecldfi s as lniver edachoeeedartichtaconeobépuldd.

luti Il and a vol ft lecul ti irated. th

oD A TGS e B PIRETIRG AETeii 0B b

of {her %ﬁSlFQBdEi%ﬁ@(ﬁﬂi\,/Qﬁ@ﬁk@ﬁé@et’ﬁmw&@%&hﬁﬁw@ﬁﬂ]iﬁhdm&t
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previously 10 delivered onto the coverslip 144. The drops of molecule

solamefsrapbvdess Bran | Dol de HreaiVor Aths rodmsrsendebiksres rRay also be
achieued.on the eavars E%lééref&ﬁb@&%&@é@ﬁ@ﬁ&%@%ﬁﬁﬁ‘fﬁ@%@ly

preferably less than about 25 nL, more preferably less than 20 nL, more

prefsiasisnidsdhbhnis and &_Fﬂf?@é%fe@@f’e?ﬁﬂﬂf:?@s% wEn 9ahL. The

e s e B e

nL, adermOstphefir diphetedeiveraddiideeps combine to form 2 hanging
drop to be studied for crystal formation. '

After forming a hanging drop on the coverslip 144, the molecule
delivery pipette 126 proceeds to the next coverslip 144 until a hanging drop is
formed on each coverslip 144. The molecule delivery pipette 126 then returns
to the position over the molecule solution well which was the source for the
molecule solution used to create the hanging drops. The molecule solution
remaining in the molecule delivery pipette 126 is expelled into the molecule
solution well. | |

Figure 6F illustrates the molecule delivery pipette 126 returned to its rest
position as illustrated in Figure 6A. Figure 6F also illustrates the coverslip
holder 124 inverted and moved into position over the column of wells 38 on the

multiwell plate 34. The coverslip holder 124 is positioned so each coverslip

144 is aligned with a different well 38 in the column. Specifically, a given
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The mother liquor drops and the protein drops may be delivered in any
order. Once both drops are delivered, the drops combine to form a
hanging drop to be studied for crystal formation. 20 After forming a

hangj he coverslip,144, th lecule delivery pipette 126
proé%e gg{lgj? ?éé)%fh %férsllp 1%? h”ﬁ%ﬁrgaghﬁﬁtﬁ%&a%ﬁ%%ﬁ%eé%ﬁ Bather
coviplipr 14dd ThereantethalBabelivg yrppoeitenhd 26,418 R #gtygns to the
position ovifh%he moIgcuée solu ig)n well which was the source for the

P8 ij(é

molecule softftisA"TE Ate~the HAKGTRY B Ehersry prdies Uiddsemntiant the
25 reppainiagdndbe malesdectiabienspiprite iR s Gxpalled IS vwas

molecule solution well. Figure 6F illustrates the molecule delivery pipette

> 1 26PNty iBnRlifssio Hes ierrrsdra 4Préthn Weardseaufigare 8Ratso

1Owelfg1
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ilustrtgsitineraRYaralip : Inyest ipto pasition over
the column of wells 38 %ﬁgtér?eg %ﬁ%ﬁg"ﬁ%g@ 15{28&1{%% ?g\?gr%ﬁ)aﬁ%?&éarted
124%sibodRiondd sdashoreobrwehianismi! kldkgrkdseittamd difterent e B8 der

int umn ecificall iven ,33.ggverslip 144 is aligned. with the
well 34 Sned BRE R SR BRI Sl i vl 38
hanfirghdrpingrdtoe arers frethdBe Toesesives it hnld ehdl d4lis kvarathistrated
‘unti) t%eé covg lips 144 contact the upper edges 40 of the associated

SR ealing medium which was 5 previously applied to the upper

edge 40 ofghanwells 3&.caneR%1R @Rk I0IRen B8 betyren the osiﬁon over
e

coverslips 144 and the upper edges 40 of the associated wells 38. T
attaBSrRer R Farien comnenelbAsed Ahel pecctiehetidendidés IR4iisoned so

raisgghtos|eaNE: 3QVErSHiBrkdAap ogiated well 38.
The hang’ﬁ%} drggﬁ]algcggs%r%r%%ﬁe cove%%%%%gf?ﬁ%e&v%ecﬁg %@eﬂ Sstorage
illuseREane in2PigdreceGimEhureaskisiipporamp thasds\mrekintua deitt 2 top

mMoygdd jtion [ rshp storage camponent 120, The i
covegrsﬁp%tﬁg?gf‘} %ﬁ%ﬁp%ls |one%jels%£'eac %u‘beﬁ%rlp cuopi%‘gé]?zé é‘fi&ﬁ@ﬁreﬁtﬁml
a nraghzinppodcimpthad ovetslly stovagmlipampoviiin kRO adoopitidgingazine
ea upport cup, 138 is associated, with the ton 15 coverslip 144 in each
R R 0 RO Ip GmpOPIiz he contacted

coverslips 144 relative to the associated support cups 138.
Figure 6l illustrates the coilerslip holder 124 returned to its rest position.
The top coverslip 144 from each magazine 142 discussed with respect to Figure
6@ is attached to the associated support cup 138. _

The steps described with respect to f‘igures 6A-61 result in a hanging
drop being formed in each well 38 of a single coiumn of wells 38. These steps
are repeated unﬁl a hanging drop is formed in the wells 38 of each column of
the multiwell plate 34. Once a hanging drop is formed in each of the wells 38,
the multiwell plate 34 can be moved to the next station.

The crystallization system 10 described above can be adapted to form
sitting drops. This adaptation can be made with changes to the mother liquor
delivery station 26 and the drop formation stationv?.S. For instance, the mother
liguor delivery station 26 is adapted to deliver mother liquor into the well

regions 41 of a multiwell plate 34 adapted to perform a sitting drop array
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each support cup 138 contacts a coverslip 144 within the associated
magazine 142. The attachment mechanism 140 is engaged to immobilize
the contacted coverslips 144 relative to the associated support cups 138.
Figure 61 illustrates the coverslip holder 124 returned to its rest position.

20 The tofeoevessii dtitienkas haaaaz e 1420 i§w{?§§9¥"ﬁ@{*ﬂ.{§§§3§3c
ed '

to Figure 6G.s attached to the associated support cup .
describeg(?%:fgécéi’bégfzt%%ﬁ’ﬂégt@ﬁ-%ﬁ & dutotherligingdelioprpeiafon 26 must

formed be adighaielia8 Bt a,sMNgisealmn, 38. These steps. are i _
repeated L#Eti | a hanging drop is é)rmed ingééggwk% SXPIQ{;E i Pé%%‘?‘f Coflsveesd into the

25 the Mitiveh pdts 3auiemed alagntindiopligtormeprimeadaiafdheos the

wefs 3§y el ved to the station. The
crystallizgi{f)%\ﬂg%@rﬁ l{%%teﬁiﬁl §§(§E g&,\'{/néﬂ cgﬁ aghagglifrgg‘fﬁt}?@%d%li’t‘fﬁéﬁg the

drops. TRRshsaAGNARSPEENthe sittite dvith ciwiowds tF thelmatingg liquor

delivery statior,26 tion station 28. For instance, the

mother 30 liquor dIeIiv%r%/h %tg{'%%ﬁs% %gﬁ%cdn[g éé‘?im deansrabso

the welincdyionsdaptifig theldinvp|fpiateidd adapierkie, IEHQ R j?}i'g:g_‘

drop arga 3{} mié:{?L cr ségllizatjortg ch as the multiwell plate éﬁzgl u ralteiaLle drop
in Figure 3C. g’pem icainy, e i #ﬁg olghe seompamstieillisstrated in Figure

delverys siaonrafspedsiitebansd wiliienebisgiumdLbebie e, s, 5
iwell plate 34. Tis ’

mother liguor is delivered into the wells 38 of the mu
alignme bvgﬁﬁﬁtﬁl?eﬂvé?%%@s%émﬁqmpnmmek fegiothé Inethod

of each Ny A8 Mo i¥arisg tp%],mgﬂﬂ riguars.onto the sitting drop .
region 42 of each well 38. Adapting the crys%a‘{h@zg%%sr?‘g%s%é%@@%g%%emnng

sitting dRspkondermatiancgatinathipthamirsitting intsristation s 18 Ky

- sitting eARSydINS19FoRB 4f ' lon 28 can include each of the oo
components illugrateg?ngg%&%‘g@f?%% aaFr%{r]\mg% WRATAS BT S5iIbpation.

réfationships ilstfigutEmariglasesiBAl Sith Hepayes, (R ABHESS a protein,

operati nents, varies from the.method_illustrated in Figures
6A-6I. %@%@%@ ( %%%églt‘é’%acr%“ehﬁ’o‘b‘;‘?g AL TR Zation S s tesmispenof

stationr2gleoufissm Eigimg ArofitustrershiweliciBrofamval il Piate, 3. same rest

adapted.to, perform a sitting_dro ray_microcrystallization.
P pogxtf%n tHlustare mgFlg‘-npe%rA-yFlgure illustrates a multiwell plate 34

adapted to perform a sitting drop array microcrystallization moved into position

20  for sitting drop formation. Accordingly, each well 38 in the multiwell plate 34
includes a well region 41 adjaceht to a sitting drop region 42. Figure 7B also
illustrates the pipette holder 122 moved into position over the wash basin 112
for priming of'the pipettes. The pipettes are prjmed as déscribed with respect to
Figure 6B.

25 F igur¢ 7C illustrates the pipette holder 122 moved into position over a
column of wells 38 in the multiwell plate 34. The pipette holder 122 is
positioned so each pipette tip is aligned with the well region 41 in a different
well 38 in the column as illustrated in Figure 7D. Accordingly, each pipette is
associated with a particular well 38. The pipette holder 122 is lowered unti] the

30  tip ofeach pipette is positioned in the mother liquor which was previously |

delivered into the well region 41 of the associated well 38. A portion of the
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15 The figures are described with respect to crystallization of a protein,
however, the same method can be used for crystallization of other types
of molecules. Figure 7A illustrates the drop formation station 28 in the

same res ition illustrated, in Figure 6A. Figure 7B illustrates a

multiwel péﬁe%frafagsp?e ?f’% é;é)ﬁb%gg YT eHRsh HrAsyociated with a pipette tip.
microcTystatizatiors thewéift hEOHOIOp RAAQ S HERE W ABIBANNbs from the
Accordingly, each well 38 in.the multiwell plate 34 includes a well region

41 ad j‘é‘{ggﬁéé ag‘sRﬂﬁ‘bo%{g%@Fé’H%ﬁFi EROURer 4814958 anp themspeited from each

pipetigipeitier TR drpsied iR 3iHaBo ¥eN WL WaRH BRSI0IN2dS well regions

priming of-the pipettes. The pipettes are primed as described with respec
to Figlre 6B. 25 Figure 7C illustrates the pipette holder 122 moved into

position overpg, LW Rhwe!! ' well plate 34 The pipefte .
holder 122 is posBiit?oned éo%aﬁczr?%ﬁle%}e? xt{%{l}g&d,%n%ﬁ vﬁfﬁeﬁ%ee%\ﬁeﬁgraétﬁﬂﬁd with
41 in &heisieieatdwpiragan Adcaidifforast ikedtr38cd thd-tglumd Bs illustrated in

Accorgj ~Rach pipette i sociated with, a particular yell 38. The

pipettgiﬁg%g??m@%[) I%vt\t/%e?gedgl%rﬁﬁ ?e ?f)hlé?‘g%fcﬁﬁ 54 SR ifReBipette

in theontothier Hispeciatdd sitingsiprpviasioty4delvetestinle e Wold agiRR 4ithe
the associated well 38. A portion of the 35 mother liquor is aspirated

Hom SOST AHOG RS 7 HERAREH TSI PRtk st iverve aoioatrsifine crop

lift thergipeIeUPIYREAmEarROVES tEHR B%E%W&H&ﬁlﬁ%umg&aéled onto the

portion of the aspirated mother liquors are then expelled'from e

pipett&ittitedEQpdRgiP Rt Gissired lurmes metherstoimicbasblien
regiOf&l@éﬁedT&?cd)H%%H%iﬁﬂlg%EJ@%%?&H%QW?H@ thed l\ef%cgrr]?n ! ?ttﬁ'?et%grcgs s

aligned with the sitting drop region 42 in a different we theCo

- as illvdtiergdrrmythecrrerging dftrisisrirdpsaitmodivbr Aydisdassepatediously,
fepm j : clat itting, drop region 42. As a result,
e e R e A0 R LRt
delivarsdissiyo whickitimapldsamakt giop 42lofbetecraasudll 88T Hevikepsvaich

ol S R e o el i 2acr dnarop et

42. Theetitin/clheprefitiendOpe volumes delivered is preferably less than about
25 nL, more preferably less than 2‘0‘ nL, more preferably less than 15 nl., and

20 most preferably less than 10 nL. The precision of the volumes delivered may
also be between 380pL and 25 qL, more preferably between 380pL and 20 nL,
more preferably between 380pL and 15 nL, and most preferably between 380pL
and 10 nL. '

Figure 7F illustrates the pipette holder 122 returned to the rest position

25  which was illustrated in Figure 7A. The molecule delivery pipette 126 is moved
into position over a sitting drop region 42 in a well 38 of the column. Before
being moved into position over the well 38, the molecule delivery pipette 126
was lowered into a particular molecule solution well and a volume of the
molecule solution aspirated. Once the molecule delivery pipette 126 is in

30  position over the sitting drop regioﬁ 42, drops of the molecule solution are

- delivered onto the mother liquor which was previously delivered onto the
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delivered onto the coverslips 144 is strictly controlled. As discussed
previously, 15 a feature of the present invention is the ability to deliver
small volumes precisely which enables small drop volumes to be used.

With devices which can deliver volymes as low as 380 pL, volumes can
Coveﬁéﬁﬂn&re ep@‘@&%fbﬁf??%‘ﬂ?e’iﬂ%%ﬁfﬁé Yaradséliveeired
g

be deliveré

is prefeabiydesaribroabesiitas m&amgeeersfﬁfﬁ@%@? 202 Ty
more preferably less than 15 nL, and 20 most preferably les {han ?Lé AL €
The prRISEIRTDPIHRHbmES dRlivrddnmipTer) bisssahenab @8N tore

25 nL,WEﬁB[ﬁ*%@@M@@’@E%@?@P&@? f%rs tﬂ%@%%{%%&%@referably

between 380pL and 15 nL, and most preferably between
nb. Figtid thaniidswatdsameepipenehtideriizaestislnandd s wss positialeen

25 whigdywas, illysteated in Eigur .. khe mole elivery pipette 126 is
moved in\?(s) position oO%%ﬁ#n%%@&bbrﬁagﬁng%?@WEﬁgg BE‘tﬁ%ore preferably

columbhe®efne SBeibgmdd\ﬁenﬂjmdmﬁiﬁomef@abﬂyeb«ﬁﬂe%ﬁ,mﬁE%BW@ nL.

delivery.pipette 126 was.lowered into a particular molecule solution well
and 2 volumel GF F0 HeE RS EeR 3 R5 PERLn GRS e Brofssbiered in any

ule

delivenyqripe@ucvih 8 pesiktincove; the GEMREARTEAHI:A2: ARG, drop
%the m Ieculf% s&e}utlongﬁ delivered onto the mother liguor which was
previo&?s%? GRIREPG SRIS o3RG KB IR 4 Criiisiralss afittigcutps formed

solutiom dlie selivgtRepisndesies waluge RHM&QHE%SQJE ign |  drop on the

achieved on the sitting drop region 42. The precision of the volum
delivetHH18 PrapteHRn 82sthsanciasle dslinerpiretisré i aligdeds thee sitting

20 nLgrpgrepisiarabixesstharl sy %ﬁ%‘%ﬁﬁf%g%gﬁﬁsﬁ égg}gdveu 38

10 nL. The precision of the volumes delivere een
pL antfABeroliiare Phermelshpiscioliean3pipptteal it Feniretnoreto the position

preferably dhepaeq 380k 5 mgst preferably between 380
pL and 10 nL. The motherLlli‘(?L{;(‘gére]t rg%gbgr?g%ﬁgl [e)r% ‘éﬁﬁ"g%p‘?m %%‘ige solution

deIivéF%QﬂifP@ﬁ?ﬁtéﬁbéﬁimngdmm divpmatectiétivehetbriferdsbnacombine
s B el o el it
After forming’tfier diitingtidtopfahetbistisititopsiraR @GR, 146 MOREHRned
deliveor‘y//e? | ee%%e]l%%? El%(\:f?n?gd ssltgz?ntghgrggtsl,n gew cover slips are loaded onto the
20 coverslip holder 124 and the drop formation station 28 is returned to the rest
position as described above with réspect to Figure 6F-61. |
The steps described with respect to Figures 7A-7G result in a sitting
drop being formed in each well 38 of a single column of wells 38. These steps
are repeated until a hanging drop is formed in the wells 38 of each column of
25 | the multiwell plate 34. Once a hanging drop is formed in each of the wells 38,
the multiwell plate 34 can be movéd to the next station.
Although Figures 6A-7G illustrate a method for operating the drop
formation station to fdrm sitting dfops and hanging drops, the hanging drop
station be easily adapted to other crystallization techniques, other well

30  geometries and/or other multiwell plate geometries.
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drop region 42 in the next well 38 until a sitting drop is formed in each well
38 of the column. The molecule delivery pipette 126 then returns to the
position 15 over the molecule solution well which was the source for the
molecule sol i%hn&s%qj}fg)t%‘eate the sittingfgrops. The molecule solution
remaining in the molecule daTidBR BipEtLIEsriaskivatrednm s Figures 6A-7G

moleomizy suititiaaliyeihchiter daenatiosrotiasceiing cHean e LOVEISIRS mother
144 aggqﬁga ioned %r the wells 38 having S|tt|n% drops, new cover slips
e

are. IGKHSH SHBABISE MRIEFUHP Hromhavebsan tnenedpAoreratione of a suitable
statiogea8dsigatUmBdkiadhe rest position as described above with respect -

to Figure 6F-61.. The steps described with respect to Figures 7A-7G result

ima sitting drOPRRaTLRiRE ekt hdned seeineringenblienanbeelisd with

38. TheserlePStAl iba | [ p,is farmed in the wells
38 of each column %gggr%ﬁﬁwi% %?fa]tgel%%t.g{ n&? %%%gﬁg.ﬁg%?ﬁgqgm of a
formeplatedashk dftifer Wahs B8 ting enaltivieid bl tee Riteawdsn thewddvio G ons

next stati h Hagxes 6A-7G illustrate a methqd for operating the
drop gfn?ﬂa oné%%%t?%ﬁ%rar%esﬁgﬁ&%vrvgpostagr?f%%\ I(é)rb%‘g‘,’ﬂgedown the
hangifupgitugirsthinis bé thaglytadapted4o THeoslaty siabiz aion-18800IES aced
ﬁgher well 30 geometries aéréd/or other multiwell plate geometries. 37 Itis

hotedPBiat A SRR b2t et hsrdgars W waidEemA 1o campee 162

optiopakjtioetdds: AERIOTHEPIALE AR $AVNTER e%ﬁg&%&%ﬁ@éf}ﬁém&r&‘i‘srwmch
liquor drops and/or molecule drops have been formed. An example of a ‘

suitalSiE® BeASHIated fomsterd dbe. inhflehoxsyinalatednick 14 anillustrated in
| transMﬁﬂ&@@%'@%ﬁﬁ?ﬁ#ﬁﬁ%@hﬁd%ﬁ%@&%i}ﬁa@ﬁ%ﬁé {L%%EFEMM in

8A-8C lllustrate a preferred embodiment of a plate track
transp&FHFRBRultiwell plates 34 between the above stations 12. Figures

18A and 8B qﬁ%ﬁgeg ' ooking d the . longitudinal

axis of the plate tracgﬁ%%%\%%ﬁfg%%%%Jﬁ%r@ﬁ%ggsa?v%@ %&%mgﬁﬁmbly
plate $itpsoplyrabiey afpmiltbaetikmads dpprasdritam theilaatiagel 462 he

positi e track.14. The carriage includes mechanics,

which ca e%agt%ugégid%gé%g% %ﬁg BR f%ﬂ’gg%fg? B pseond pincagiage
illustr4@B and a third pin carriage 162C. Each of the pin carriages 1624, 162B,

162C is configured to move along the longitudinal axis of the plate track 14 as
20  illustrated by the arrows labeled A, B and C. The brackets at the ends of the
arrows indicate the range of motion of each pin carriage 162A, 162B, 162C.

The first pin carriage 162A and the third pin carriage 162C include a
plurality of pins 160. The pins are located along the pin carriage 1624, 162C
with an approximately constant displacement between adjacent pins 160. The

25  pincarriage 1624, 162C serves to maintain the displacement between the pins
160 during movement of the pin carriage 162A, 162C.

Each pin 160 is illustrated in the extended position, however, the pins in
one pin carriage 162 can be withdrawn while the pins 160 in another pin
carriage 162 are extended. In another embodiment, a portion of the piné 160 in

30  asingle pin carriage 162 can be extended while another portion of the pins 160

within the same pin carriage 162 are withdrawn.
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Figure 8A or to withdraw the pin 160 below the plate track 14 as illustrated
in Figure 8B. 15 Figure 8C is a lateral sideview of a plate track 14 and
transport assembly with a plurality of multiwell plates 34 present on the
plate track 14. The transport assembly includes a first pin carriage 162A,

a second pin‘oasiiegey 1688 anardEhRIBLALIBEE L0, f [
carria%ﬁ 16%A, 62B, 162C is configured toar%ogvge?along tﬁ:} (I%Bn‘%’ltg |ri§ailr1162C
axis ofthé&dst & thecmyliwelb platss:d eayanedamahs tédselwack, 1B smthe pin

C. Theabragketssahtheserds @ftheo anowsdi ' range. of motion of, . »
each pin carriage 162A, 162B, 162C. The%%ltﬁg%r?) ég%fggsﬁ%cfﬁ) gg\hcf tﬁéﬂnweu

third P EaR RS 1552 YHebenatht iy 6 prsvidirTke, phesphreodages 1624,
atong [ I | oximately constant
o B R R X S RS ok 14

162C%ishast moviamhramtivellRlaecthmanthoatiasendtic MNSVHEA teriig 160 is

move f.t i, Calri 2A.-162C. Each pin 16Q is illustrated in

the eg%e? r%%%d %%%ﬁoﬁ%@gﬁgﬂ%zpﬁ%v%né% é?%%@@%@%wf the
withdpdate traeke] etpipinl BDipushesharynimlearengald 24068 dansiethd Bin's
another emhodiment, a portion.of the pins 160 in 30 a single pin carriage

162 c%%&%%&?%ﬁ%&%#%%ﬁ’&%ﬂ%&%@aﬁ?ﬁé41~60 within the

Bame pin capiagesdfearebuid)dr Va3 A B0 HRES {AIB8Y, transport the
between the pin carriages 162A, 162B, 162C and each of the multiwell
p|ate§nsﬁtw&ﬁtklﬁ@a Sh BRI TAHQROS AR Aengitheplatageask 62A Various
1628})3@%@1@@18@ %@@}ﬁﬁ%&'ﬁ%&@ﬁt@%ﬁlﬁé%@o‘&ﬁé% W\é’ggg@%gﬁ %‘i‘ion of

~As aresult, when the pins 160 are withdrawn, the pin carria
162Btheayystadlizaion syeigmIbAg Hies insighocivdienismaktwglgtateaikitdocated

witho, ' tiyel t track 14. When t in 160
o o b L o T e o
It thestgtigreand okhen, ameysiiwed(ppris ids alucandivebbgitide B4 a sealing medium

SR s A L S P

transpetisBa ofitiitweil et pBdditim Btatie, tobéatiomalangihaaate is

traCkploAéit}{)%ré S P, the multiwell plate 34 can be positioned beneath one of the
delivery shuttles 74 of a mother liquor delivery station 26.

20 The following description describes a method for using the above
transport assembly for advancing the multiwell plate 34 labeled T, from the
position labeled P, to the position labeled P, to the position labeled P,. Once the
multiwell plate T, is located at po._éition P,, the pins 160 in the first pin carriage
162A are withdrawn below the plate track 14. The first pin carriage 162A is

25  then moved to the left and the pins 160 extended above the plate track 14 as
illustrated in Figure 8C. The multiwell plate T, can then be moved from
positidn P, to position P, by moving the first pin carriage 162A to the right until
the multiwell plate T, is positione& at position P,. The pins 160 are then
withdrawn below the plate track 14 and the first pin carriage 162A is moved

30 backtois origiqal position and the pins 160 are again extended above the plate

track 14. The pins 160 in the second pin carriage 162B are withdrawn below
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positions along the plate track 14 can be associated with a particular
station of the crystallization system 10. For instance, when a multiwell
plate 34 is located at position P" a bar code on the multiwell plate 34 can

be reagypthRA£Qde41m §tatioRanchE 0.2 [QI%J‘%II plate 34 is locate
at positior?b P2, a sealing medium stat\i/oyﬁ?zz ca hc\elggg;eﬁ 0%, I?éhe&eg of the

sealingdHHEHTRH Rt upple o 140 ot the saeitsl 3nafthageulipr hplate,

34. Fu%d’a\!ﬁ Ii t is itioned at.P3, the multiwell
plate 34 can be%p%(%%éeg%%%%ggﬁ%&%ﬁ% T FITREC A4 gnoved to

mothetthietghtistitéthsmubivedl paENR follovird siesssiptiam describes a
mgthod for usifg the above .transport assembly for advancing the :
mgltiwell platz% %B‘éﬁ%%ff#é“mc%ﬂa%%%ﬁ% rigdEn b igmeRfsigaws a
labeledrRitwdhppaskibat lahelrdtia. OBepbeesRUIMEHINAR TrySallization

located at posjtion P" the pins 1?0 in the first pin carriage 162A are
Withdrm%%li) SRS ’%ﬂé/cR 13Rother prultivel platsydd itsingiprosetsed through

moveci lipdiafliansbieyBiem e eupnHeshab A R AIRIEANA4 230 be

illustrated in Figure 8C. The multiwell plate T, can then be moved fro
positiordPansedosrBr P By Weilng teeondsmpiltivaltiplpe: Ba2Artaitsinighice at P,.

til th el b it} t position P2. T. ins 160 are
1 i BT b e A e R ot soes 12
movedBdtback pasodigicrl positioressed thepihsiifteraresegrinseddendaterent
above the plate track.14. The pins 160 in the se¢ond pin carriage 162B
are Wiﬁ%}dgrgw?qug&%ﬁv&%%ﬁé%&i) & %@ﬁeﬂ{gz(ﬁﬂ%hé@%ﬁ&lbﬁq%wsemmy
162B isambuéncladbe vethdhttepentdinsiselatowhich ecnife &N ther to form
secong% in carrlagfe 162E are then _extended above the plate track I4 and

the setSndy P RafrdasiEss: s APt ERERe JSRARRdirisrsopdicnin carriage
Tsis locsgpctan pesitinnd2d ib 4 heomluralifus! ainvertiaaes L8Rl siaisd,

in Figure 8C allows a multiwell plate 34 at one station to be processed

througHtHE&ySeizaR41 aphidad 1o wdropdhumatigroswatetha2. multiwell
metance, & fret nui] A S SR o S ARE R o e
seconfPrRAtiRe P braystals.rdmaipesfarptdosmior Bod, Asyatabsare, debere® ind
P2 angrgéearﬁ %Ua‘filﬁﬁ%%ﬁg %%Qr‘%'ﬁifc%f%ﬁ%ﬂ?t %Ss %nza’y be done manually or by
20  an automated device. Diversiﬁed Scientific, Inc. of Birmingham, Alabama
manufactures CRYSTALSCORE™ which may be used to automate the scoring
of crystal formation.
As desqribed above, the system can be used to performed crystallization
trials where various mother liquor are screened for their ability to crystallize a
25  protein of interest. The crystallization trials frequently include a coarse screen
followed by one or more fine screens. While the mother liquors used for the
fine screens are often dependent on the results of the coarse screen, the mother
liquors used for the coarse screen can be standard for each cryﬁallization trial.
When the mother liquors are used to crystallize proteins, a preferred
30  coarse screen preferably consists of the 15 sub-screens listed in Table 1. The

number of mother liquors included in each sub-screen is also listed in Table 1.
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multiwell plates 34 can be processed through different stations 12 at
different rates. Further, different pin carriages 162 which make up a
transport assembly can be included with independent systems which are
assembled together to form the system. For instance, the first pin

carriagel R ZAmpepitienset trenpitheatinges 16cAGRB 6ath RE NGMERELIRE1s i
mother {iquqr:dejiyer syst nd.the third pin carriage 162C can be
include(iji?#% ’Egr%igi)g%ﬁgétgwgtégfgtgﬁ?%. mﬁﬁﬁﬁ%aﬁsﬁ@%mtbd

- by examirtaigegaithral idprip dheR éosmneliion afsehySiAlsull RERiGIIed
embodiment, c‘%y%s Is arte eteﬁﬁ!ﬁand graded in the various wells for

crystal quality. This Mag B2 GorPlidnadiiR iAo cmathatisverser desioeiated
DiversifiedhShienibisctoenobBika ieharsd a tyges -
CRYSTALSCORETM' which ma)?}b?e usedett;%?(%g%é the s%c%gr?nrgmé?er liquors
crystal FERMRRIBACAR AR SABEY 87668 ansksinastensitatatoeprefenitity includes 48
perfor rygatadizadi i ' ther liguor ar reened

for therirrk?algtl)li(ﬁ’tiﬁto crysgﬁég%%%h;%o%gﬁéo interest. S%%%/%‘l‘gf@gﬁgﬁes through
trials frébgieyfipnhchiitherctur subseseemnsgioorellybincind 02 4@ uBfiA6ther liquors,
screen ' kliquors.used for the fine screens are often
depen(?éré]%/%r#? ﬂ%’e%erzgé%ﬁs% é%kt %agolg‘r:sfe%%gﬁgxéln??ﬁéorﬁ‘gﬁgf RS used
fdi0the coarse screen can be standard for each crystallization trial. When

the mo%s are used to crystallize proteins, a preferred 30 coarse
screen consists of the 15 sub-screens listed in Table 1. The
number of mother liquors included in each sub-screen is also listed in

Table 1, 40 The composition of the mother liquors included each of these
sub-scregiis—tistedHigtre-9—Me i ymberipboather liquors
compositipigl garedie] obtained from Hampton Reggearch of Laguna Niguel,
California. As illustrated in Table 1, a total of 480 mother liquors are
aéociﬁ@fft@l SitrehY sub-screens of the preferré8 coarse screen. Since

480 mathrr digHoysidasinglded in the coarse scygen and since each

plate preferably includes 48 wells, the coarse screen can be performed

by pro&&ddifgFhly 10 plates through the systen@4Further, the

sub-scggﬁ%&ﬁgﬁr@ﬂyo'&q&yde 24 or 48 mother Ii%ors. Accordingly, each
plate can include from one to two sub-screens.

Grid PEG6000 24
20 Grid PEG/lithium chloride 24
Sodium/potassium phosphate 24
PEG/ion screen 48
Membrane protein screen 48
' Detergent screen I 24
25  Detergent screen II 24
Detergent screen II1 24
Cryo screen 48
Low ionic strength screen 24
30 Each of the mother liquors used for the coarse screen can be stored in

one or more of the mother liquor storage banks. However, the number of
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10 TABLE | Screen Number of mother liquors Crystal screen | 48 15

Crystal screen Il 48 Grid ammonium sulfate 24 Grid MPD 24 Grid

sodium chloride 24 Grid PEG6000 24 20 Grid PEG/lithium chloride 24
Sodium/potassium phosphate S 24 PEG/ion screen 48 Membrane
proteiPSEiei e rDehirhents Srcrsed aufosdiffterge finscieesny Rarge enough

Detergentsestefot e e4nciG $oigR0 A8, Low ionig strength screen 24
30 Each of the mother liquors usglcrzl for%‘t’?grggg%% sc é’é’ﬁggﬁﬁlbet%%?éﬂem can

one ofkifolebidna srsinemhidofemsihe Haaksrddawemer: HGHEDEL Yook
41 m i ' ay be needed for different fine screens is large
UG IAY 9F WU teﬂ}vgrs glettﬁelpﬁ% r?ﬁ”fj%@é{t%@ém&dﬁeom or

enough that storage of these mo

sﬁjstemwmmsnaﬂns;mt&mamﬁeWbitﬁlcﬁemﬂémég&?ﬁnmﬂép?fquors from
liquors frq(rgoi%cknssolétior‘%land éEgen delivers them into the wells of a
plate.%fernatlveﬂy, &h IBrdnestanothes ignats datp ibeuselsio foeater more

the flydasere@henopialel ¢uR A p‘i&@gsgglﬁggggﬁaget% liver these
sép

mother liquoys.into the wells of one or more plates. The atés can then

be processec _@WWW%W%MMQWﬂM mother

et o overe e e o e LR ok gvery

Hbubrisien isrrtder deiveid dpvhbingntiqudhindelivery of mother liquor into the
wells of a plate. As a result, the system control logic must be informed when a
plate which already has mother liquor is in f.he System. An operator can use a
user interface to inform the system control logic which one of the plates already
has mother liquors delivered into the wells. Alternatively, an operator use a

15 plate having a bar code which indicates that mother liquors are already present

in the wells of the platé.

Example 1

20 The system described above was used in a plurality of lysozyme
crystallization experiments where lysozyme was crystallized in a mother liquor
composition including 100 mM sodium acetate and 10% sodium chloride ata
pH of 4.6. The volume of the hanging drop formed by the drop formation
station was different for each experiment. F igurés 10A-10D respectively

25 illustrate crystal formed in hanging drops of 40 nL,, 100 nL, 200 nL and 1000
nL. The crystals were formed regafdless of the reduction in drop size. Asa

result, the system can be used with submicroliter hanging drop volumes.

Example 2
30
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wells of a plate. As a result, the system control logic must be informed
when a plate which already has mother liquor is in the system. An
operator can use a user interface to inform the system control logic which
one of the plates already has mother liquors delivered into the wells.

Alternatively, dR®peiamdaserieitaptate wasing:d boa codedMbigton trial where the

indicatgs,thal MABERIQUOLS A aleady present in the wells of the plate.
Example 120 T esystellr]g descri e%sa VBSWEE P88 pl@i‘ﬁﬁ%ﬁ € coarse

lysozytgcety $&llivattalliexpenimeetimdirsedysopyrmamab iystalliaed e 480

a mother li 1 osition.including 1.00. mM sodium acetate and 10%
sodiunr? ch or.?iié*%?{aggéﬁ%?%é‘.‘ ?F%"\%Oﬁjnﬁﬁfrﬁélﬁaﬁﬁ%ﬁ%ﬁﬁ&m%p

bybthe ekperirnstiverestatigrned socifierant dasraash-axpPLIMER Hrigures |
OA-1OD r ec%vel 25 llustrate crystal formed in hanging drops of 40
nL, 100"C" o BRI g catstalivwith ihaveest slgaitiibls of

the rediiiiacteAidien D2 ofee iseatiicie SR EaNREHEEd WY A associated
submicroliter hanging drop volumes. Example 2 30 42 The system

describBtPRAIRRLAq1eE 49mBOsAie£i P56 PR thermety Irdgthemtanediol),
quor e Aysiediaing Ysaauney A% AR L DAIDY (B coarse

screen, 480 crystallization experiments were performed using each of the
480 mother liJdne eirsm sensistitig of29. cristatisultiofrexpaacernt thas then

480 5 éggﬂg@pt el re ne another to identify one qr. mor
crystar‘laization eipzirﬂl\émgr?t?é) &)Eg%ﬁwgftc%gsfg% vﬁ’fﬁ%‘@%ﬁﬁ"ﬁ%& grith each of the
characténsyissliataf ¢hpeidmetificd costee ma egai@¥NE TREMPESRtion of the

associated with a mother liquor compased of 30% MPD (+/- _ :
et B R 5 St R e Spa sorrem smement. The
chloridexmapqiitiéns. S fnersehes! gansistng el 20 eReiAieai9rion
%periments was then performed. The composition of the mother liquors

adsociAtRT Wit e SSTPENAR S!S R Ei@ERrhbnEhf aenesatmtipns of
relativecteaihe-6pippesitian eidhe s metheigurs 3RRREAEAMIR € concentration

identified coarse screen experiment, The
of these components in the identified coarse screen experiment. For instance,

~ the mother liquor associated with the identified coarse screen experiment and
the mother liquors for each of the fine screen crystallization experiments were
20 all about 30% MPD and 100 mM sodium acetate. The concentrations of other
components in the 24 mother liquors were varied over a range which |
encompassed the concentration of these same componerits in the identified
coarse screen experiment. For instance, the} concentration of calcium chioride
was 20 mM in the identified coarse screeﬁ experiment but was varied from 12.5-
25 27.5 mM in the 24 mother liquors. Similarly, the pH was 4.6 in the identified
coarse screen érystallization experiment but was varied from 4.1 to 5.1 in the 24
mother liquors. |
Each of the 24 fine screen crystallization experiments were compared to

one another to identify the one or more erystallization experiments yielding the

30  most desirable characteristics.
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compositions of the 24 mother liquors selected for the crystallization 15
experiments of the fine screen are listed in Figure 11. The concentrations

of certain components in each of the 24 mother liquors matched the
concentrationgtthgse SRNRONEHLS N the identiged cparse screen
experiment. For ir]stangqe, gt]he mg%hsergﬁgu%ersgg 18%89%’59 CRIEREGHBENEs of
coarseReRIEFFEK BRYRREIN arripiine dedtifer tlgusistaesachigltagingnd
screeryebysiaflizati xperiments were 20 all about 30% MPD and 100

mM sodiunflltga{(i:etate. ﬁeg%gﬁlgésnaf?a BIdSFetirsbedimsaie Arsvpvareaa not

mothe#iiquded toebe exhiartiveontcaigWNGAvEREOMBIRSSHNEG: forms
cgnceggrs%iign &)f 18 se same components in the identified coarse screen

eXperiment. FOF ins \élr?&g,jih@wn Scatonsamdivaniatioos ddlbesapparent to

mM inptheidizntifie dicladse Seean. YRS RRRUHLYESYRY g fom 128 .
25 27.5 mM in the 24 mother liquors. Similarly, the pH vggé;%%é?r? edzd%scnbed mn

identiffS{CESARSSSTrRINGY pImeARkns of sasitnuentinn avasitsqiectialapplication,

4.1 to HdréB e i [ E?ﬁn he 24.fine screen . .
crystallizatiobltﬁ expelrxiir'%qe%%{rév%&rieﬂ%%m pare%&t{)t gour?g %ﬁ%ﬁ%ﬁ%ﬂ@ﬂﬁ]@qﬁ@ various

one olEFBPEERpSLSIRRdtivitheyqivim entslifietting s he aROstind @assWRicular use

aracteristics..43; The. foregojng ex les and description of preferred
O o el e TR S b okde8 FraMiop hpdsiet by e
illustreftitiowing desnsdptidrthdine exaatetas and preferred embodiments,
however, are not intended to be exhaustive or to limit the invention to the
precise forms 5 disclosed. Obviously, many modifications and variations
~will be apparent to practitioners skilled in this art. The embodiments were
chosen and described in order to best explain the principles of the
invention and its practical application, thereby enabling others skilled in
1be art to understand the invention for various embodiments and with
various modifications as are suited to the particular use 10 contemplated.
It is intended that the scope of the invention be defined by the following
claims and their equivalents. 15 20

20

25
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25 30 44 LLOYD VJISF- CLAIMS 1. An apparatus for setting up
crystallization experiments comprising: mother liquor drop station that LLOYD WISE
removes mother liquor from a plurality of wells of a multiwell plate and
delivers submicroliter volumes of mother liquor to 5 a plurality of different
drop regions at the same time; and molecule drop station that delivers
submicroliter volumes of a solution containing a molecule to be
crystallized to the drop regions. 2. An apparatus according to claim 1,
wherein the apparatus is configured to set up hanging drop crystallization
exgbARYENts on the multiwell plates. 10 3. An apparatus according to claim
1, wherein the apparatus is configured to set up sitting drop crystallization
experiments appdteun fbtiwetipdate s r4 st zppar atysaccondiognipradaim 1,
wherein the drop regions are cover slips on which submicroliter hanging

drops are,{grmedqihg aRRAAIS WL LNBPARING: A RIAUOH0R YIRS of

multiwell plate is positionable, and a cover 15 slip station on which'a
pluvalisydfacovisipis s sadidehupesthaiciotHer vieluored R prothapHaed to
5 the RiplecH)e digp-siation felivriing suhniskalitgrvolimes to the drop

cover slips. 5. An apparatus according to claim 1, wherein the drop

regions are sitting .drop regions of a.multiwell plate. 20 6. An apparatus
esorain T ) G T R e A USRS A5k BRI (ol or
copaprisema platddosddingtstatiomitivhdusihg drpiuraditynef multiwell
plates, and a crystallization setup station to which the multiwell plates are

tragsfe rreﬂﬂ%@&}aﬂ@#ﬁ%@@%fﬂg@@@famﬁ crystalizafio ?@El%%@&% gured

comprising the er liquor drop station and the mo drop station.
A51DIsS\VD Wy SnE, AR EbP EFaHN LRSS Gihthe meubi wRlimntess,
wherein the mother

10 3. An apparatus according to claim 1, wherein the apparatus is configured

to set up sitting drop crystallization experiments on the multiwell plates.

4. An apparatus according to claim 1, wherein the drop regions are cover
slips on which submicroliter hanging drops are formed, the apparatus further
comprising a platform on which a multiwell plate is positionable, and a cover

15  slip station on which a plurality of coverslips are positionable, the mother liquor
drop station and the molecule drop station delivering submicroliter volumes to

the drop cover slips.

5. An apparatus according to claim 1, wherein the drop regions are sitting

drop regions of a multiwell plate.

20 6. An apparatus according to any one of claims 1-5, wherein the apparatus
further comprises a plate loading station for housing a plurality of multiwell
plates, and a crystallization setup station to which the multiwell plates are
transferred in an automated manner, the crystallization setup station comprising

the mother liquor drop station and the molecule drop station.
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liquor drop station removes mother liquor from at least four wells of the

multiwell plate at the same time. 8. An apparatus according to any one of LLOYD WISE
claims 1-7, wherein the mother 5 liquor drop station removes mother

liquor from at least eight wells of the multiwell plate at the same time. 9.

An apparatus according to any one of claims 1-7, wherein the mother

liquor drop station delivers mother liquor to at least four drop regions at

the same tigeaipa1eANRBRAFRAUS ASCORIRG LR.AY PRe Rl GAIMElibther

wherein the mother liquor drop station delivers mother liquor to at least
eight QRSP FERPOHREIQPHEN 8xFREaIber H9utrgsp atdrastdesninhly o tey

one gfigtaias Jrt0 aminergimihenapparatus is configured to form molecule
drops within a volume range of less than about 15 25 nanoliters. 12. An

appayatus according to any one of claims 1-10, wherein_the apparatus i
con%ured onfgpl%mr%o ggﬁé)lfﬁ%lgé%v%ﬁ%ev% amet (1876 8’11’1%%)5& ffnother
abouiq20r narp kitetionl3nAry epparbtu s @coofdingadol arsy «ipkt oftlainishe
1-1Qmwn%%igﬁﬂ?eaﬁqﬁéﬁ%e%%g configured to form molecule drops

within a volume range of less than about 15 nanoliters. 14. An apparatus
according to any one of claims 1-10, wherein the apparatus is configured
to form molSALIBRIGHESIREGRTE RS/ S aRteoarIes s iars dbbuvhigein the mother

nanqlif@rs ReplRadshapRiatus AeePIHiNe 1 %@yeagtef&ﬁlc&%!{ﬁh%ga& at the

wherein the apparatus is configured to form molecule drops having a
voluff&6f18%s than about 500 nanoliters. 46 LLOYD WISE 16. An
apparatus according to any one of claims 1-10, wherein the apparatus is

10onfighired tofappamealecitieippshaningnd ¥okimaof lossithaaabruhsbRr
nanolliters. : . . . .
1quor drop station delivers mother liquor to at least eight drop regions at the

same time.

11.  Anapparatus according to any one of claims 1-10, wherein the apparatus
is configured to form molecule drops within a volume range of less than about

15 25 nanoliters.

12. An apparatus according to any one of claims 1-10, wherein the apparatus
is configured to form molecule drops within a volume range of less than about

20 nanoliters.

13.  An apparatus according to any one of claims 1-10, wherein the apparatus
20  is configured to form molecule drops within a volume range of less than about

15 nanoliters.

14. An apparatus according to any one of claims 1-10, wherein the apparatus
is configured to form molecule drops having a volume of less than about 750

nanoliters.

25 15.  An apparatus according to any one of claims 1-10, wherein the apparatus
is configured to form molecule drops having a volume of less than about 500

nanoliters.
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17. An apparatus according to anyone of claims 1-10, wherein the
apparatus 5 is configured to form molecule drops having a volume of L
between about 1 nanoliter and 750 nanoliters. 18. An apparatus
according to any one of claims 1-10, wherein the apparatus is configured
to form molecule drops having a volume of between about I nanoliter and
500 nanoliters. 10 19. An apparatus according to any one of claims 1-10,

wherein the gpparatus is configured to form mqlecul i‘fop having a
Vol of DA P ANBIEP B o) HARB A SErRe e apparanis
appaistusfgoerinddoramp koelofloanis dirdda whierein dhsmbtherbiqups 0
drop gg%ti% rand the molecule drop station each include a piezoelectric 15

olite r'a . , . .
valve or a solenoid valve. 21. An apparatus according to any one of claims
1-20, wherein the apparatus further comprises process control logic that

operatés the\iaHRsFaYHBPeINSiansy artirhelesyd didpérmsbnths epparatus
up hagging;ciar ¢ty aialiZzalietu RMSENERS 0 NI IrElRIatESHA0: 1
22. An apparatus accordlng to any one of claims 1-20, wherein the
appa itgs 1 AREr CohABR8BErocess control logic that operates the
mother liquor drop station and molecule drop station to set up sitting drop
crystalfizatioanexperimsnisconiinetouitiwel plalksma3-A0) *ppRIat apparatus
accordin any. one of claims 1-20, wherein the 25 apparatus further
comp S SR T ERAFRn GHE SHotHe  HORHT GF e B
multiwetgdigteard7 IR MAS2 24. An apparatus according to claim 23,
wherein the apparatus further comprises process control logic that uses
the identified device identification, code tou : legtropic record

g@ I‘ﬁ Bk & ngfﬁ B?%E?tﬁ@lﬁpﬁﬁ W rfgﬁ/ﬁﬁ apparatus

regarding one o ore characteristics e muliwe ate.

apparatesieemdingeseiaipiceslovinereimiecappalates 4l it tercconbprisés
process cantrallpgieqthay tsesthe identified device identification code

LOYD WISE

20.  An apparatus according to any one of claims 1-19, wherein the mother
liquor drop station and the molecule drop station each include a piezoelectric

15 wvalve or a solenoid valve.

21.  An apparatus according to any one of claims 1-20, wherein the apparatus
further comprises process control logic that operates the mother liquor drop
station and molecule drop station to set up hanging drop crystallization

experiments on the multiwell plates.

20 22.  An apparatus according to any one of claims 1-20, wherein the apparatus
further comprises process control logic that operates the mother liquor drop
station and molecule drop station to set up sitting drop crystallization

experiments on the multiwell plates.

23. An apparatus according to any one of claims 1-20, wherein the
25  apparatus further comprises a mechanism that identifies a device identification

code on the multiwell plate.
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to update an electronic record regarding when drops are formed on the ||.OYD WISE
multiwell plate. 26. An apparatus according to claim 23, wherein the

mechanism that identifies 10 the device identification code is a bar code

reader. 27. An apparatus according to any one of claims 1-26, wherein the
apparatus further comprises a sensor that detects whether the

submicroliter volumes of mother liquor are delivered to the drop regions.

28. Anapparatusppecaidiageadany aneahclaimshkfh MB%?JMH% further
apparatus 15 further com&%ﬁgs a sensor th@ﬁt%:_letects whether the

submiCTORIFoONITaS BYHlR LBh it te detvBrdd ey hoidrapication

regiorsd2% Amiaeparattsactordingdeaayione ofcaime:d 2B WReISHs of the
the a%)a]ratUﬁ further comprises a sensor that detects whether the
u lilwe B‘Ja

submicroliter v utr?ies of mother liquor are delivered to the drop regions

and detects whether the 20 submicroliter volumes of molecule solution are
deliveted to freagiopateg inesrd8a: e khpparatudercootiiraptaranys dmehof

claimg gsé’gfi')%@é@ssgdﬁtrmqwé‘igl%m%%%sigé%ﬁ%éisa%vice identification code
macromolecule. 31. An apparatus according to any one of claims 11%
wheréhUWprator sl slelB Boimig eryd tsipising whnnthivposStrmedppanatusitivell
accorging to any one of claims 1-29, wherein the molecule being

crystallized has a molecular weight of at least 500 daltons. 48 LLOYD

VWJi 33.,An apparatus according tg any one of claims 1-32, wherein
said a%iaratﬁg ARG EGHEH é‘ﬁgﬁ?e%}ﬁ%&%dmﬁmébﬁ Biyhanfphiay, identifies
34. Arhadpeicatut-agtonding dody oberabdai@aid-32, wherein said

apparatus further comprises means for solving the molecule's crystal

structyre 5 by x-ray diffraction.of a crystal for Ne%..BS.T ethad of
using%}h apr?%l{}afll SXE%E%%i%%r%ngn?/ %/?%%?Fné?f V) b%’?fé? Fh the apparatus
autonfattdmethpistorasettiztg tpicdystallizetictheeXpedmbatitsotiteAvolumes of

multivel plei MBI A arde suiamated delfvery of

submicroliter volumes of mother liquo

28.  Anapparatus according to any one of claims 1-26, wherein the apparatus
15 further comprises a sensor that detects whether the submicroliter volumes of

molecule solution are delivered to the drop regions.

29.  Anapparatus according to any one of claims 1-26, wherein the apparatus
further comprises a sensor that detects whether the submicroliter volumes of
mother liquor are delivered to the drop regions and detects whether the

20 submicroliter volumes of molecule solution are delivered to the drop regions.

30.  An apparatus according to any one of claims 1-29, wherein said

molecule being crystallized is a macromolecule.

31.  An apparatus according to any one of claims 1-29, wherein the

molecule being crystallized is a protein.

25 32, An apparatus according to any one of claims 1-29, wherein the molecule

being crystallized has a molecular weight of at least 500 daltons.
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1o regions of the multiwell plate such that submicroliter volumes are || ovp yyse
delivered to multiple different drop regions of the multiwell plate at the

same time; and automated delivery of submicroliter volumes of a solution
containing a molecule to be crystallized to the drop regions of the

multiwell plate. 36. The method of using an apparatus according to any of

claims 1-32 to 15 perform an automated method for setting up

crystalizatiomexparimanisceriam snyliwelldieamprising inepyowar:
transferring a plurality of multiwell plates in an automated manner to a

crystaliZat Dy SomeRsshatar e Sunchsintves pistsstrieraiedd to the

crystallization setup station, 20 automated delivery of submicroliter
volumiés of rntpertjus rtoabpg tegionswd te utiwellplatestichdhat

submjerali livere multiple different drop regions of
the T B B T Bl Bl
subnigrstiest dibiaetesnofia sojstdrfoomtdining a molecule to be

crystallized to the drop regions of the multiwell plate. 25 49
35. The method of using an apparatus according to any of claims 1-32

to perform an automated method for setting up crystallization experiments

on a multiwell plate comprising in any order:

automated delivery of submicroliter volumes of mother liquor to drop
10 regions of the multiwell plate such that submicroliter volumes are delivered to

multiple different drop regions of the multiwell plate at the same time; and

automated delivery of submicroliter volumes of a solution containing a

molecule to be crystallized to the drop regions of the multiwell plate.

36. The method of using an appératus according to any of claims 1-32 to
15  perform an automated method for sétting up crystallization experiments on a -

multiwell plate comprising in any order:

transferring a plurality of multiwell plates in an automated manner to a

crystallization setup station; and
for each multiwell plate transferred to the crystallization setup station,

20 automated delivery of submicroliter volumes of mother liquor to drop
regions of the multiwell plate such that submicroliter volumes are delivered to

multiple different drop regions of the multiwell plate at the same time, and

automated delivery of submicroliter volumes of a solution containing a

molecule to be crystallized to the drop regions of the multiwell plate.

25
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