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ananipmating th axgpaldizatianpfimelegidese partipulasty magrggnolecules such as
]08;%9&5 gs such as yeast. Functional genom cs has

erated inportant information regarding the
expression pattern of genes by using high throughput

screening techni ques such as DNA ol i gonucl eoti de chips
fo&é&i&l@iﬁ&ﬂ%ﬁé&r high density microarrays. An
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struct ure-
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 understanding 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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devel opment has becone one of the nost inportant
approaches, thanks to LTI EEEEEEEETEETEETE *@00002*
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as pH, tenperature nrc stren and Speci
corquhbratsivatisthe freservoir 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 detergents. In addition, the amount of highly
purified protein is usually limited, multi-dimensional trials on these solution

conditions is unrealistic, labor-intensive and costly.



salts, organic additives, and detergents. In addition,
the anmount of highly purified protein is usually
limted, nulti-dinmensional trials on these solution 30
conditions is unrealistic, |abor-intensive and costly.

2 A few automated crystallization systens have been
devel oped based on the hangi ng drop nethods, for
exanple Cox, M J. and Wber, P. C. (1987) J. Appl.
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20 CONPOSI tl"hg tholecule 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

25 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 pL; 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

30  drops.



varies within the array, the drop having a vol une of
less than 1 L; storing the array of
m crocrystallizations under conditions suitable for
nol ecul e crystals to formin the drops in the array;
and detecting nolecule crystal formation in the 30
drops. 3 One disclosed nethod conprises: formng an
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According to any of the above methods, the volume of the drop
containing the molecule to be crystallized 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
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

30  microcrystallizations to determine suitable crystallization conditions for a

molecule. According to one embodiment, the plate comprises an array of at
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1000 nL, preferably between 1 nL-750 nL, nore
preferably between 1 nL-500 nL, nore preferably
between 1 nL-250 nL, and nost preferably between 10

nL- 250 nL. One enbodinent relates to plates for
performng array 30 mcrocrystallizations to determ ne
suitable crystallization conditions for a nolecule.
According to one enbodi nent, the plate conprises an
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whi ch ! multiwell plate is positionable; a nother
I |Hl% b‘i’op station capable of renoving nother |iquor

from a Idéndébadimeit, ee Apphatus@bmphisesul tiwel | plate
and delivering subnmicroliter volunmes of nother |iquor
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t ot fastnse S Mot o3 e BRI R & Yo Shof
| s |defadRB6ut! B niRr.g@ari ng subm croliter hanging drops
on cover slips used in an array microcrystallization,

t he appamzlesledioprstasiongapable 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 designed 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
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a platformon which a multiwell plate is positionable;

25 a cover slip station on which a plurality of

coverslips are positionable; a nother |iquor drop

station capable of renoving nother |iquor froma

plurality of wells of the nultiwell plate and

delivering submcroliter volunes of nother liquor to

the plurality of coverslips within a vol une range of
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subm cr O’llsd ﬁfcottﬁhglfmﬂdf tlad above embodiments, a sensor may be
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 eight coverslips at a time,

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
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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| east four coverslips at a tine, nore preferably at

| east eight coverslips at a tine. 25 Methods al so
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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
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

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



preferably | ess than about 500 nL, and nost preferably

| ess than about 250 nL. It is noted that the drop
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Figure 1 to
e %o Borl PR PR RIS 21 2 gur e 2

i | | ust r Fgse dAtiDEstiates\W t6H vRwWBH d rnwkiviel 12k vhidl @hy B@Msed
be useq to performa hanging drop array

m &%F‘V@taa]llqrig%‘ir@ﬁ arrgy)ympgrgery falbigation. 3~ sj devi ew of

jothe mul 'Fi%ﬂf'é kB% leﬂeéllleévl{)‘cftt}{eaﬁﬁﬁl&eptp:ﬂ&gﬁ lﬁggﬁfl dn m}(%gg%?A
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25

3Cillusttates a view of a mnu

may be e 3€ mllmafes ram);avﬁwt dfiangultimefl plate ashich may be used

mcro stallJzzatlon ure 3[f|sa5|deV|ewof t he
r1‘”’p5f1 r??ﬁg?yr‘g ZoeryHelbizdinte 3C. Figure 3E

iS a Cr PisirSSOtE £5idYied dﬂrkém\&ﬁllv&errglﬁkﬂld&r&{&d% rlAtEsc.
cover. 15 Figures. 4A-4J illustrate the various

st at i on¥1gne & icmeropeseicien oleauitivedl plasttidya Plratm@rv
Fgg:j:/ﬁ;)fg'y%t JFllgé'b[a?e e rvgrz%@sas ﬁ)% Wwhi h can%e mcefua%d ina
pomorthemﬂlqdoxadi:jhaelemysﬂem the plate I oadi ng st at| on.

Figure 4B is a.sideview of pl ate | oadi ng station
| ooki ngéga%‘bm%w %emﬁ@ﬁ%lqagrngaﬁsat@né?o&%acpspetad»late

U T 86 positioned adjacent to the plate loading station.

Figure 4B is a sideview of a plate loading station looking along the
longitudinal axis of the plate track.

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.



Figure 4Cis a sideview of a bar code reading station

for reading a bar code included on a nmultiwell plate.
Figure 4D is a sideview of a sealing nediumstation

for applying a sealing nediumto an upper .edge of

wel | s defrigaft 4Misth dFbdstse¥idd offd ddlifery?hlobit B# '8l fdry 0% adnother
si deview of a plate cover renoval station for rehoving

a picquoeintowenulfiwelipketasul tiwel'| plate. Figure 4F is a
topvi ew of. a npt.her..li.quor. deljvery station. Figure 4G

s topviigHie 1A HEPYION,0) agasher Haor aites SPTRes Pank

not her |4 ;0L o iweld oLt e 4H .
Cross secltﬁl%g%‘gflygglgg%ﬁ/ve% sm%iﬁﬁ? f%ecre:h\%er %Fk déﬁ ertiquor
S0t hfgsm al thoher liquot sourcanol 4 flwdlihjegtont es. Figure 41 is a
si deview of a rmtlég_r qu%or source storage, ban

Ylustra

k. . . .
Fi gure 4JFigyreg 54 fthe,vagipus s@Eopypichgan be included ina
del i yeri.ng a r liquor 5 froma nother |iquor
sour%gplf%r%éa%f’gg%%& njector. Figures S5A-5E illustrate
the vari opigufel 5K {sQntsp MUWESf £adplFermdtinugfibn. N a drop

formation system Figure SAis a top view of a drop
f or mat i onFigtieet $bbis 2 sidevipy of thpdrap formatden statiomf t he

rop fornation_station, 10 Fi gur Cis a sideview of
1 o pert bR iy 80 PoE BoBEG | cwor a vl
cover hol gighre IT) U Sdew 6f Aweildovirawl@d. a wel | cover’
magazi ne for storing well covers to be positioned

over the FighiesSE i3 asideniew ofd welb cavar magagime dor Bevimg well covers

~illTustrate operatiqn of the dro ormati on station.
15 Iﬁpé’ﬁrpgs’@ﬂg?‘{ ?Yfé&‘a‘f@?‘ﬁadf’%lﬂef"hrm'i on station in

the rest pgalehiollst iffhsidiolifardd SIShE o fofifaliPRation.
formation Station wth a multiwell plate has been
15oved i ntKigpresiA illstrites a dropfofmatiat statipraindhergst pesitien.

Eobre 6o RE Bt Beoktp B abdr TG e
EIOZ itﬂgleﬂ thdé8intd postfior Rr'¥dp RirmdRbh 8nd A pifdfte BYldet Wathbved into

position over the wash basin.

=)

Figure 6C illustrates the pipette holder moved into position over a
20  column of wells in the multiwell plate. |
Figure 6D illusu'atés the pipette holder moved into 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 inverted and moved into position over the column
of wells on the multiwell plate.

Figure. 6G illustrates hanging drops suspended from well covers over the

wells of a plate.

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

cover storage component.



Figure 6D illustrates the pipette holder noved into
position over the well cover holder. Figure 6E
illustrates the pipette holder returned to its rest
position and a __protein delivery pipette noved into
posi tion &U@Bresl %&LFF*‘Y?&%‘?WESh‘FlF!@We@IB@ tol ifsursstirasigion.

th t eigs | ] t Lnte its rest .
posi 41 on Ang e XTS) URISREE BB b Sk Srisfoh stiep to form
posi ittiig drops. the colutm  of wells on the multiwell

plate. Figure. 6Gillustrates hangi ng drops suspended
from wel | Fépyre/4 yaratesadropdprmatisn satinnaindhe 86t pasitione

i | ust h hol.d d.into.positjon
o oA PSR o b R Sl
i1 ugddptdde® éﬂﬁmrﬁCaVﬁfﬁn?gré?ﬁni)eﬁﬂér%@s{aﬁizhﬁ& fngchs%ti?g for drop

position.. igures 7A- i1lustrate operation
dr opfdrmatianiand apipetiedroldep niayedintsiposition otenthe wakh avie
TA il ust%ates giﬂr%fo mati on s{dgti on in the rest
posi ti on. FEguEe dlrilustmtes the pipette bolder maved inte positionaver a
st atéoqﬂmg{i&ﬂ%élsrﬂfltﬁéffﬁidwﬂ L& adapted to performa
sitting drop array m crocry@ta[ lization in position
ffoor drop Figurér@Diitlosteanes pipgrtasdh tiee pipetteliolderadidnédvith the well
- position over the wash basin. Figure 7Cillustrates

tPe Wfﬁwﬁﬁwsdﬁﬁlcﬁh@?ﬂ‘mﬁl%si tion over a colum
' | : 10 Fj 7 , .
711 st an ERbt Rt mipled e b phder Al the sicing

W t hdrbpRediBhs of WM RANScAEmNWRY kife plate2 col um of the

pl at e. Flgyre 7E illustrates pipettes in the pipette

hol der al Figueel7hillustrates the protein delivery pipetie aroved intovpbsition
1in a colum of the I.atef Fi-gur 7F.illustrates the

Br ot %eh AT RS drop regien of a sl dn e colugr of wells. 15 over

the sittipgued 0 iN@H0R Dittidg \Wedp forthel B tHeQUitHAP dRp region of a
wells. Figure 7Gillustrates a sitting drop forrrecf R

the well.ting drop region of a well. Figure 8Ais a _
f Ihge\” ew lgifgmae QA ?St £ sitdgz\?i%lér o‘?‘atpqat% npalcﬂwgtyht a? gtglerﬁ%ng&%va%ove 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 lis 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

10



plate track froma 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 8Cis a sideview of a transport
assenbl y having a pl ur piETAT & DESCRERITONOES. Figure
9 illustrates the conposition O nmot ner | i quor
solutions for a 25 preferred coarse screen. Figures
10A- 10D i | ustrate.fornati?n of crystals in different

drops si zet?® RFRT WyeRion trlateio afmethed oy parfarming array
t he ' it : r_lLi.guor
o ed el iaRiont & BAEIing Siedh ¥ crf SalPAR cob AR for o

t5 i amoldéuld 0TREMAldcRIR iDPRERB A MNadkbokEdS Afth as a protein.
i.nventjon relates tq a nethod for lperforrri ng array
mi cr S¥RSEYRES ofneleeiies and macromelasules may alsode crystallized -

tal | jszat.i dit] | ecul e. ,Th
ot o2frat ' P GGk 1 EHon " ThEmoReliE pRGifaly 4ds's molecular
pr ot &efight GfA€leait500 DAfonE 6 rfEraBlitht MRASH RBIRAOHE Sithough

may al so be crystallized according to the present

i nventtis antedEhat thelnventien gandfecapphitd toragleculesowitls ldvear molecular

ﬂii ght .qf at |east 500 Daltons, nore preferably at
ast™1#B® Daltons, although it is noted that the

i nvention Rhi x‘EniH? | SNBLati :

nol ecul ar ﬂflégn%?ég Vé’!"%grﬁ% ne h%%yﬁ\é/fo \?{égsb orm r?émng}Vhere

ar r agaclf midrocrgstaljizatidd inzhidesa drophrentiniega molecule to be

m crocrystallizatiop includes a drop contajning a. ...

ol ecutali% e aéP?fg?'aﬂ‘ﬂ‘MéSﬁ%‘HB “ngﬁ%eosmoaw es within the
sol ut] gg%qﬁ, ' J i tyhi ray,

t he %iro%’ tﬁggﬁ) E’g&a 0 uér%eb&%fo\fﬁ%sgg&tn mﬁﬁ]lﬁhé %}%3’ ‘gf:ray of

155 nmiicrocrystal lidatioasdre atoredinades icondidonsmiitable fordholeculs crystals
suitable for mplecule crystals to formin the drops

in tiectommyigfhe drops i ihe agay s Melequls eryptalfiermatiqnys then detected in
dete j : i I LA

i STESbE A% N b QARrbES pilol, P oAl B e Bl5 e in any
et hagstatlizativi agtydipsolvimgrdrags, igcluding, baohotllinitdded Haging

hangi n _
gd:o% crystallization methods and sitting drop crystallization methods. Example

SO

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 pL, 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 | nL - 750 nL, more preferably between 1 nL - 500 nL, more
preferably between | 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 a result, crystals can be formed more rapidly by using the smaller drop

11



drop crystall i zation nethods and sitti ng drop
crystallization nethods. Exanple 20 sitting drop
crystallization nethods are provided in U S. Pat. No.

5,096, 676 . (McPherson et. al.) and U S Pat No.

5, 41QoRififes Used frfthe preféntl iﬁpéhﬁib_ﬁ‘.ml'hifs%?érﬂﬁ@angl_gl lfl&gadsf?) bhe through-

present invention is the utilization of sr
vol upetraterafithe reethplddor détermviningroey stdllizdtimndioagitions.

contai ning the nolecule.to be ¢rystallized is |ess )
t han about &h%t%gﬁng?b@i%?’y thegwy 14iF helieysd that sgmllar drops will

nor e : I t , t
or cf SFLPiaf BEBPin 135 A0SR R Bholbe rflll; B more
te eipidlyVvDhenme dfequilibretivn id believed to BOLK)at8d to a relationship

preferably between 1 nL - 750 nL, nore preferably
bet whetwen the ratesgigirep evapgrasion ga¢ feapauslympe Masawhile the rate of

250 nL, d t. f |y .bet 10 - 250 nL.
Aop! R fvaboraRsh ieraeRP pl g R P o i3ds figh o g crop
?Z gtegg&w?t QBcrbdle 1m€&éﬁim HOUUPE vORBRE AS x&ésﬁAlség {2§&P drop

en smal | er op vol unes are used.
r esuhiving twattyltimes the Wwdurhe ofre smalberclrom(e.gll ¥ phyvsus0mng) will
the smal |l er, _drop 11 vol unes used in the presen

t
hv e hevecignifitRaslydess;than SYERR Ymribe dudese arraof the stigier drop.
h e . :
CondP T rEBing Hp SERER, ohols A G'EbRIAINE tal Hship eéh the.
bel i pxesf dioplevaporaticr (safagesared dependeit)i dnidiirep @oluas, Eereby
than larger drops and that this causes crystals to:
f or nfgeslerating equilibmtipn apderystal forgratienui i bration i s

ate of arapto BB bl pr SR ORRGHEs Rl URRR4Ss

15he valumeohllow 1635 mNERs BibeqRed fo pteRemaRBh cofstadlifition trial. As
surface area. The surface area of a drop does not

decraeeselt)| 4 greater yumperipf crstaliizgfion tials cancbe performedgising, the

| e ' ' | f.
o A R PR 4 it
Si gnobthieake noldctRSo b8 %gstﬂmﬁ)énﬂ WiRH allBeSiiinities 8f ar ea

of the smaller drop. reduci ng drop volune, one is
abl ecrygallizption/igialsiase neddgd iimoriar {0 suecessfublytogstalliz¢ theaholecule.

R s Vi R Y R e e T

cr ys&?&mﬁa_&m 80 cas® Jfas&&b@rcrfs@a{%% €it @hn tdu ro;aé%mwo

invention is that smalfer drop 15 volunes-allow | ess
nol ewedks of tabworkste ¢hrdducp and purifyeaotghc proteinltd perdorno #8
trial ., a result, reater nunber. of

. a g or | . .
crys¥H qutRials sy dreps,ensater,ban & plein $i25. 1BY reduicing 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, prior to the
pfesent 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 molecule.
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same anount of nolecule. This is of great significance
when it is difficult to obtain the nolecule to be
crystallized and when a | arge nunber of
crystallization trials are needed in order to

UGSt A U U B 5 b s
ol ecal e geeforped ot the afthy iszifcteaded. THE nGRABEr ﬁmi@f«%&y@%llizations

crystallization, it can require one to two wee

| ab WoBk arey rivRicelly graetepthan #§, noeforahly greaterthan 96, more

P hanSieritly gfdale? ' 14l R Bt e { S8 i i tha the
lsencurhbé o iEidtryefallimtiotth thd S RE BET a16d &g&t@:} gsszs'xt 380 For

trial, it 25 becones feasible to significan
i ncrexaswple,lap appardws farfprepayipg atrhyyabichindludesd8® t hat

can be perfornmed. As,a resuylt, it becones feasible to
t ak e™4fr galli‘m?ﬁsa‘?ﬁf?%ﬂda‘e%tgun approach to

Consorve pulacs S RinaPol Myt Mo bR BAEBe Biforta o

t o tthe arrpy elsealiowsy greaiep Ainabettdfldiffarthtastodkisofiidns to be used to
mcroliter drop volunes, a need existed to 30 m nimze
l0he formitles mether Hauarsolutiges yisd an feramay mber exampie formiag the
due . 0f. aval . ecule. .12 By .
r ed u%ﬂ?aﬁgf?ﬁgfog%g%ll\llzgpaﬁse %nt ehér?eu grspter than 4? stock solutions

M crodbis thel thother liquds sdliéns Weadin8e RAEY OOPBShAI, f8ter than
array i s increased. The nunber of

mi cre mpse preferaby igrrater than Idtemastmasferably greatenthian 192 different

greatern t 48 ref er abl reater than 9 nore. .

o er ddispligps By e Bk, R o 8% Ble nuiiar 0P b scfugpns can
15 hamlsb%kcedd 288%r 8% £ Fof HiAmplélanApPatates defiibed herein uses 480

m crocrystallizations in the array can al so exceed 288

or 3Bfferemgitocksplytione  an apparatus for preparing

arrays | chyincl ude 480 l.crocrystal |izati.ons is

descr | beg AL Piluies of ERRyEatamaaR bt ffed i He wélts. The
M C RIS sBhbiheAliq R Bsdd iRithE WRIDR prEEa8ly R thin abdie 500 L,
array also allows a greater nunber of di'fferent stoc

sol yréferablyt lesstbaniatzoait #00 i Ombrerprefetablyrizséithan hbeut300 pL and

ol uti.on sed,in the r For exanple, formng the
20, aptigRalpy e eont RO UL Bauess.af motheriuoruplyges that may
gre taﬁecrg) itdh b t _
[ qg%sé%% Sﬁdg’zr?%&use t?’%hté éggﬁ%y.oj %J]aﬁg}z @% kL. In
gr eahistregaid) fornsifig theraayf efieroatystallpatiohemay btfude4drming the

nost preferably greater than 192 different stock
sol GRICEFESS eny,incplateringluding  phuralityofiyedls sachavieg a
STOGK G MEd BRAS 2GR 500 uL, preferably less than about 400 puL, more
25  preferably less than about 300 pL. '
The usé of small volumes of mother liquor allows the wells in multiwell
plates to be made smaller, thereby allowing more wells to be positioned on a
multiwell plate per unit area. For example, the 48 well plates having a well
volume less than about 500 IpL 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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15 al so exceed 288 or 384. For exanple, an apparatus
descri bed herein uses 480 different stock sol utions.
Smal | er vol unes of nother |iquor may al so be used in
the wells. The volume of nother |iquor used in the

vel |'s i s By ediézinpkialleissp Vétames0dignibiodntly gremeh@hberlof
| ess than about, 400 L, nore preferably Iess t han about
300 CLYS%MGD@B SGﬁalbrs)Perfegsedmg thesamezmgoupt of molecule. Asa

T A T T

- 3Qnim allows tHY BoftReHgGor s‘owtmnrte bE hordWitl¥lyQharied in jts
m crocrystallizations may include form ng IX

5n ceompysition| iTkistallone the mother diquor sedition tugbeafophed of 1,1y 3, 4,
| h h ol | th bout 500 L,

pr e\fye% ggﬂ%%%:‘é%@g%’/%%%s &B&f@‘haf%g%‘ﬁs%m n?%ag:rjef erably

less t ha?&l@@@é&r&ﬁ@ t& thid Hﬁtﬂbﬁetlﬁfan%%f'mi\éﬁcm iztions is

nother liquor allows the wells in miltiwe
be ferdredotwinker mdrhendtiyel iplates. rEachplate }pﬂéfbxablyd:ab @t least 24

B ol s el e
h t
18290 o8 A0S, REME LG BSIE SRR BBl
Crysirﬁékxhéplalt@fbcdﬂﬂxhhﬁfremyﬂlon of the nother.

l'i quor vol umes may be enployed in order to further

r educe plz“éma@pzcbsg to thgs Bythod; détedting erprsthl fodmation can include

o SRtk B oy Pl ombe R ol RED. Bl g ofithe el and
anoyRtqualityof e ehyatal'dStractufes CHaractérizAtidn T A% &l Qall@n be

perform a greater nunber of crystallization trials,
15nhi pftrfomdtmanuaﬂb'l omby takingriotages of ﬂlqlsdwopssmidmnalymmgahdme

i del d 5 t. Thi [ 1
 herabe St S ft iy SB cRBER avnEn e o, -4,
5, 6 or M eetsPeRENtSindhide id Mg&h@go éémahsto%ose

array. Also according to this net the array of
i cmothey ﬁqadm Sodutﬁdmnn which énystalsdvert deteetedrandperforming

24 sdifional St amconanabivhess Bedegd %&MB? mother e
dore{q Xn%&mét?gé& 480! deorells Btz o | ess

I quor er wel I's can |ch al l ows
the sanBigure ¢ ilphsrtatestacrgsialliaatiomsyseemwtDIfsr petfosming a

B Srystallfation tial The cry stallisation SyStes 10 dan be divided wntb various
stations 12 described below. During operation of the crystallization system 10,
multiwell plates are positioned on a plate track 14. A transport assémbly (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 umts
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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characterizing the crystal fornmed (needle, cube,.
etc.), the size of the crystal, and the quality of

the crystal's structure. Characterization of the
crystal can be 15 performed manual Iy, or by taking

i magAs qpf:ratdsrs:admspsnandmareaﬂmpz imerfaichs Reinterat g6, ﬂx@éngage
t he stc{/ucture f crystals ntal ned within those

dr opd/at e it HsPrecess sl lomicy BaRK peeF inferfages inslude, but are
i Cot b 208 toorkpt o Birs Koy bOANE mABLS b P BEckols.

addi ti onalDmeg@paﬂahbﬂaf thertrystalaﬂzmm&teuﬂmthe transport bl
formul ati on of the nother |iquor 20 solutions in Wi Eazsr;sem Y

&r ysmaves geyuitivell platepast @eﬁéﬁ{m& 12 yd¥i¢hegach perfomnea particular

| CRPEBUR S PELRRURLS el P B0 S8l o gL p Bt onding
10 camidie18iwhertatdultined plate efésseqﬁén%mnf saddd oAtE Sl g@fg%ack 14,

bel ow. During operation of the crystallization syst
10 Thulcrysmhzatphewe@rnaﬂbalpmmcludm ethaneoda reddinigestatiacX0 where

i 4 0 Q0SB PR e, PR Pt o bE e die b acegn system 10
1027 | RiGe f.ngh{d%@ séﬁmgmﬁhﬁxhysﬂtﬁnl ypA altﬂe%g?.lg%ﬁx?dgg:#&tauon 22

also I'ncl udes a procéssing unit 16 in

Conmaani leaised to dpply atsedinganedium totthd maitiwel Pplatdsli $pdifically, the
processing units 16 for use with the cryst allization
syst¥€aling mediym gan be,appligd do they uppenedaspiliguideseiviog avalls
conp r ta r cl udes

o octed Rt MR oIS TRESERRR AR i R

of etWesd tieivpPertditet bedchandiPad a WEl 8 YoommdnlMdeferred to as
operator can use one Oor npre user interfaces to

15nt e epversiipy Whick is pagjtigeed @mpmh well at 2 later stagiop pbthes s
cont rrg;t?llf[igﬁrﬁr{ sg'g%{rg ?8' %hg stalliZafibh ! ggsggtﬂ 16%& ude lucli)es a plate

are conpu moni eyboards

MoUSwyer Remtbval statidind4 s/heﬁplmg:ooae KatarOdelivered6 or removed
crystallization system 10, the transport assenbly 5 .
mv@@%mwupwﬁte past the stations 12 which

h f tj.cul t F
o o1 S nR iS85 Rt R eliVy
28t atstRibnles WB@:E SnéHbd 1&1@&:& are| dRli&red irffo BROVARIdeBhby in the

| oaded onto the plate ack 14. The crystallization
systmnitivgelbplates.i Pifferdntomothisnliquars ean badklivgredtintoi daffer2t wells

T 58 e B R R ol e
; ga| thOGeP Bt Bait b defleréd intd Aot bftHe WS b Sindld BBitiwell -
plate so the remaining wells are empty.

25 The crystallization system 10 also includes a drop formation station 28
where mother liquors from the \}arious 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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can be used to apply a sealing nmediumto the nmultiwell
pl ates. Specifically, the sealing nmediumcan be
applied to the upper edge of liquid receiving wells
defined in each nultiwell plate. The sealing nmedi um
Ser VESsitionddavir Badienéll sRatiReRs oddt m&e%&oﬁ%ﬁg fm the

each well and a well cover, commonly referred To as 15

a cosaesslipintavhie svell. sSThees ilnops arsccaliedhanginghdrops.l at a
| ater stati.on of rystalljzation system 10. The
crystal | i 2f iHB%d%%a#fésfM%muaa é%X §° Fradily adapigdto form
r eno i ; : : i [
[ o oy Ring-iShs il AAIIEIRLF it r et ik by UBhvetflgShother

Sr ystiqudrs fnim the vayistewellOamd the solntidnicesaiaingthé fiolecule to be
i quor deliver 20 station 26 where nother |iquors
ar e erptallEzed o MW&@WE’QQ&efi ned in the multiwell

pl ates. Dk : j . ivered.into_ .
G 1 or ent TREFPSELEERpRSYserh TORASD, ARG plpte Lo Bl taton
del i ¥e{@erd plhe coVés 44 kaf bo pesitied - onfeidbh AitiweNBlaE The |
I i quor can be delivered into a portion of the wells on

a simyltowellplatesan|thenhyatranspertedhto apataiunloadingestationailewhere the
npty. .25 The crystallizati.on stem 1 so, i.ncl udes

@ dr%‘ﬂlt’f%?lhﬁlﬁfeé ﬁ&i’%fﬁ%"eﬂ@'o%ﬁérpiﬁﬁ%fl padystered- £ r om

the vario I

on . pl ur ST the BpAERch Sy Todheeled TR gl s the

t he wazldus stafibes 32 pesitibredrandundra single plare 24tkal4s @t isdodahat the

solution containing the nolecule to be crystallized

t odt‘f?éweé\mtlem bé CancPro Vigled B0 OBR PBIAT YN EISENS, Pacluor
and ddinifly EQJ/iﬁg?t%%an%ﬁ. IIQWMLJ A&ejcgmé{ sla{;fgg@g sflions 12

t he I pSs, e coverslips are pos
16achmaebptionatly Hetintludddcoraxeluded ffomeahe eaptallaten kyfem 10.
the _coverslip.into the well., These drops are call ed

handi'RE<artBpsiatipas 1 2candiedrpsiioncd inreseanensefosiendhanthe sequence
- LSRR GRS AR bike S N0 ] AR 90 %an

del ipositiongd eforethe Har codei xﬂuﬁﬁ% statien'20.NA dYiohAUF, seRdrhiSof the
and the solution containing the nolecule to be
cr y sles¢ribeddynetipnsican be pamﬂg oyt a3 singl¢ gagon. THar instance, a plate

2fje X8t a8l BatoS S Fhncve. Sty et %ich it B snation
POS stk SNhe B BbidiMpkgl 0.0 The mul i vel

plate can then by transported to a plate unloading
st ati on 3Thenkizove 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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10 multiwell plates can be renoved fromthe plate
track 14 and stored. Although the crystallization
system 10 illustrated in Figure 1 has the various
stations 12 positioned around a single plate track 14,

N e i . ' i b
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be carried out at i ngl e stati.on. For jnstance.,
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be isuch asisithpe,size ity for spystad formaticmn Waenhthdmother liquors used

included in different independent sup-systens. For
lpnstlér%&} welh arerqiderenty thei %#5%43# 670 bpsempyed to datermhige

st atj 3{&&1 ] T [ ) 5

li qu"gfrﬁe%e | v%?sbgﬂﬁ%%d%b%gﬁhégﬂnéé %Eﬁeiadﬂl? %g'g{aé%ngl e

mot hkccokdifgley eadk wellasetves ay s differdit cryistdllizatiog edpériment which
~formation station 28 and the plate unloading station_ .

30 REagHoserasuity whish cambepompared Bithahe reguishof Gherary gallization

syst : dditionally, the functions associated
vvith&gérgé??ﬁécul ar station need not be carried out

18luring  Qper@iallatien triah énchuides tamparids ihe Resuyts b€ Bavkeal
For instance, the nother |iquors can 30 be delivered

i nt STYSRdligation $xpariments in qreen tp optimize thy campesitiep afthe mother

he. i el | .ol '
or y Helpt SsBor Sl pfdtis'e it ARl Plefind 2iupprates
whe Rechnigule tforyerformit £crastabiastiorCerat. aA Holtte BEHeélels performed at

| i quor reaches the nother |iquor delivery station 26,

t he amdritiel stagecpfdhe wial. i IndrigurstZa theamystellizatirtrxpopmentsed
24 At g s e dubebili SAginll fpocth o outin

Pr 0GB2E WiFeerént arrAiH Whith late lAbALE CSNIOYIHAIAS,, In each array two
crystallization system 10 such as the one’illustratéd

i n varigblesofithe gro;ﬂp.s liiqﬁozt ¢oenpusitioncary i!f&*dléfm’ﬂ}i wariedrasajiown
can be agbserv or the formation of crystals.. n
ey AR Rt & N st ased P SeRt S i Caae RIS Several
crystallization experiments are performed where the pH is varied from 2-8 in .
25 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
select one or more crystallization experiments which yield the best crystals or, if
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  asablack box in Figure 2. Fine screens are then perfofmed for the

crystallization experiments selected through the course screen.
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the quality of crystals within the drop can be graded
for various characteristics such as shape, size or

time for crystal formation. Wen the nother |iquors

used 10 in each well are different, the crystal grades
can be cofipfiietrreen drstalizhtion exghiiclennistpeeforinkd)bp desipEing a

e oA e G R ol o s
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||| Usdursetsefeen. FopeXumpleSif ey mp@ef B§Wdrs fiséd in the course screen had
crystallization trial. A coarse screen is perforned at

an i hPHbgtwesnZg® apd thermmother liguorlim tifei sglactedrysthltization had a pH
tal li ti [ { 2 iated.with th
conr ot b REknoMr RS {BET o hod SErogn Bebrinpints miglepave a pH

19et Kakedns.4 b4 B ' i i
2, i 104 LTl i il v

not eepH bf ghmt 4c ompessi teiduce the éncrememalrohianpé jh thavake ifthe fine
shown algng.the x and y axis associated with each
' reeR R At e (e e e hanes i e pH dirkes o moare

. expaksk f : ] aried from
> B oo s BEFIET 5 A0 S ool hefle S Glpu
var iduting thenfi@)scBéeni alsd stosmvial Rigwe 236 0.4, The

rystallizati experinments.in the coarse screen are
lgxn al yzed Cfrgs?a.]gg‘p%qd Brfach cryivtallizatipn experiment:in ghre fine screen are
expPahiliRaAts oM ' t.crystals or, if no. .
cryst a?isaéaf 0 rO\r%]@érft E gg%‘gtlst?e tgpg g{)a 5 ‘fr%éaﬁplrnéé?‘b FYRfrgenfs vielding

coatlpebestorystalsar peystatdilte précipitaé.cAl camstliadiva skPerfment selected
promi sing crystal or crystal-like precipitate is

i || YRR CEESN £XBerARRNtI8 diustrated gu Figuze 2Ris adbox having an X.

for th tallizati, :
o e Bl il BBl -ETRE 618 borkelfore Aeh Sulhciey gk qualioy,
20 i nensmigitisclity ShedrybaR! foRfePHRBE EXFMHmént aBS?Ex%HF gﬁgg

desi%’i ng a crystallization array based on the np
| i qABFatiomrmsibeiisphated erystals te resnlyssthaltholeale's orystal structure.

o Rl L B 25 508 e s cre
OB e R R SR 40
s nafluringthe §inesarcen 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 screeﬁ. Figure 2 -
illustrates a second array of fine screen crystallization experiments labeled FS,,
It is 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 preparing crystals.
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t he conmposition of the nother |iquor used in the
sel ected experinment fromthe course screen. For
exanple, if the nother liquors used in the course
screen had a pH between 2-8 and the nother. |iquor in
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and T98if AMhough Eggura?(éflﬂa%ﬁ%tw 'es‘h‘h’c“r=f’éI li?‘étﬂ Widh a total of 48

. cry ' > : L4l .
A T SV ELE Byl Rt bk S BaSa el onbkel SLUGR 38
t he sel ecFigdref3B prodddesasidevigyve of themhultivetirpde 34 dlgtrated in
addi tional crystals. Howeyer, if the crystals forne

1qur iFigurerdd- 1 Eardh well 48 pnclpdes 38upper edes #liextanding apoks

gual j therl pe

by 'tsgég%régﬁcémﬁojtzﬁe’{ﬂe: [ 8%?3%8@3@ ipga}e{?gr)ls‘gﬁigc?? gaaé ¥| n%glayer
scr efa sexley modinin, 3ach ixgreaser tanse applied té the upper edge 40. The
additional fine screen. Figure 2 illustrates a secon

ar r yppart ﬁme@u@éﬁégﬁfee&% bgﬁ 3 gmqtahwg;&%éﬁpnﬁ mtéuwel? pﬂites 34
| ab i t j S Aok 0 .

of SePBcrTR o for & 8O b Hnbl el h el e 30 B Tering

20 ivAgH tHeChEPforénta yf Maadidcedb mlbweie platel3£x per i ment
can be repeated 30 until a suitable nother liquor is

i dent i fi eltighegr3QiBlusiratep papmyiengoicr pyltiall platg 3fwhich may be

] | i i hod af .th

T caBfd Vatlbe rieRind il Sh0eaRsE St AL BB Thh o Piform o

SCr e9fin rd&é}Nar?&(?Dﬁ!érH&?&tﬁﬂﬁﬁﬁ@iiﬁtbei@lusﬂritedﬁﬂaﬁﬁlﬁﬁell plate 34
n o '

Fi gure [ rder to analyze a larger set of nother
| i quocladesmsuppart stpcwwe 36 definihg 48 WallsSi8iArmnged in @eadpmns and

2§i z egs rol“?sr. gﬁlg:hotuh re]). nllulrgii\&elilo;laliatte%réfwiltﬁ 4;3 %ve?lggg% ﬁf&ggmted 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
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 illustrated in
Figure 3C. The sitting drop region 42 extends upward from the bottom of the
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5 the fine screen array experinents may al so be
performed using the mcrocrystallization nethods and
appar atuses of the present invention or nmay be
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mul t iregdsk whedd & sitding\liiop tafBY fd2fhed UEREH Well 58%43559 (ﬁgﬁer edge

and apparatuses of the present invention to perform
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illustrated, .the |tiwell plate,34 includes a support .
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grease, can be applied to the upper edge 40.. The

$Q ppolestatad int Kigare$E. pFhsf pataodver4d<an bgdesignadysovthe cdwver rests
[ I tiwell plat 34 .stacked qn top_of .

o Pove iyl lates s, te e pecked on (epol T
20 wich it BEsiwehéd g%@{eﬁ{l?% tpq’;te &dverdis A8 e rﬂﬁﬁhyegﬁlite 34 so the

plate 34. "Figure strates a top view o

mul t iingettl46ulestsen3te uppeat ledge\40laf tharsells 38.t The insertd batbe
and apparatuses of the present invention to perform a
si t t FHBOYANR Irem the piate Foxer ¢4 PRFan bepermanenily attached to the plate

{41 r atad, ' i peludes. )
1 5458 LUK bl o, oL g g 4
6 C(ﬁbidﬁﬁ@esﬁ’@agget&eé@}ﬁ?.in.:%ht4t‘6mg@hhaumérlfe?gﬁ|4:0| dflﬂli?é tﬁeﬁ§138 in
t we S 1S | r e mu | We al e
S Caiier HTadiies aveRoFtiondFA thaidls 3 Skabls moeris fasithe insert
can” . . _ e SRR
N a8 ibtuds, Dubeioflinited 18 Ot iegts o ndizdbl ridferiol,
bei ng centAsalluytr#ted id Fi Ayithémltivied! Miedel3438n indM@de a bar code

sitting drop region 42 can be positioned to one side
At A8 lomnad guthezuppurysiructig3pr She andtiwel plate34ecenaliso include

h | t . .34 il i Fi 3C. Th
it PR o2l v bARE Hiher GARPERIT S A £og can be
of t FftmeddnEplatedébverd4 bt the platdéSdr BY chlbficfidk 'a%\ﬁﬁﬂv%e sized to

the sitting drop region 42 can include a recess ere
a si tecervg achasgode stidker.f Biher the rialtiwellegplate 38 or phiteichoer 44

UPPel fitk

ga surface for receiving a bar code sticker, the bar code sticker is

25  preferably removable from the multiwell 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-4] 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
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40 extendi ng above the support structure 36. The upper
edge 40 is preferably w de enough that a | ayer of a
seal ing nedium such as grease, can be applied to 5.
t he upper edge 40. The support structure 36 preferably

has antga@imt teackvd.chigusl 40w sitdvidwef the plasd ﬁadéé sEa%qu 8
stacked on top of one another w thout one nultiwel

pl atleokingiagrass tb@mlﬁg trafk e eneFigure 4838 acsuiqvm of thé pime

o SEIRBQUL S Ll i AT b B e
|11 Ysihteabaling SafibL8 MicRies 4 hﬁvd?'SQtp@sﬁQHteroﬁ?’t}ﬁgﬂztg%a?k 14 so
ack

desi gned so %he cover rests on the upper edge
f he theplate 88ck Msextéddg outvedare dromnthEibgseraf thosver 52.s Fhe takder 52

can b 03|t| on ween .t he plate cover, 44 and the

o elaleS 5 Piite S8 S IRV 5 5Bk Olmptiuel laips 14wranged one
upp pof the wells 38. The insert 46 can be
rengd\r/na ?gﬁ?nom the plate cover 44 or can be
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stk APl B Lo TRt By e S0 mblivet prace

et &4 iatcSthe Positibe of theemiltiwél plat€ b 4iliaverdddnt@ iR plate track 14.
l[imted to, soft rubbers and ot her gasket material. As

i | | (Stercdearanderbervesartee pate tower FAiand the plateqsrackd 434 epeugh for

incI de ar code for he S '
G v s Bl SRispoR aSsempl (e SheTE e SByboie BRLE! fomereppto the
as tﬁléte%cé @4 %h?ﬁ@mtlﬁdérqﬁé?td'(ﬁerfﬂ ab AMusGREE @Fig%keem Once the
Al'térnatively, a bar code can be forned on a plate

1 i ov enultivvetlplath 84 yhlaabﬁnmorted fromm beneathulie tawes Ji2f plate

?d to r%cl? ve a bar code t cnermq\_{% r]b gg 4 at the
TUETRS BICEES£4B P BT %Rgeag‘é of P el piels 3

s ur bef6m f'thé Gtk $it ialsH Baded RS tietplak Gack 1 NEBB@HUsE méfplate
sticker is 25 preferably renovable fromthe nultiwel

pl atl@cﬂwg station 18 earchnld beveral maidtiweld plates 34fand selquentially posmon

sin rrultl ate. 34, As be discuss at er,

£ ho L RwdE plarddia? pladBack 14, siimeb L lor deb S oy stem
| a P@&gj:/ uﬁgp% ﬁelréltgtl aflA

(24 t32 ctiﬁ sys?{élr%hggl tro IF f‘s‘%f gh &I%?lgg}%l}s% 4A- 4\]&l Iye

i || pebitishingesabl diuittwélbplafe 34hmn thapiaveisackt B i ons 12 of

the 30 nmother liquor delivery system 31 illustrated
i n Fi gur elbe plptedeading statiogni$ cag b e.qaflﬁsaqaafeé%toa Ripte 34

! Oawg%}% ByPoreliting 4 'Sate 1Blvering ARANAAESTH reVef&! IThis

pl a
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 bar codes can formed on the multiwell plate 34 or can be included
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onto a plate track 14. Figure 4A is a sideview of the

pl ate | oading station 18 |ooking across the plate

track 14 and Figure 4B is a sideview of the plate
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t r arBpMed plate 3 Gurbern if anipperaioiyses; an exemabmethogddpideljver -
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t he thisaé thel systein dohtroBRZRISBedaliSe PAriue mdtBérdiqiedssira talresty

18 can hold several nultiwell plates 34 and )
sequserenkin) the piels 38 oftheanultiwelll platadr) thelsystem3ontm! tdgic can

late track 14, .th t her  l.i quor_de|iver stem 2Q. .
18,5 B bl AT b puPEle S5 pdiRHRE sadicona
OpemadtRér iFudiAb e wBIRS38 bPiHetHuleivell pltkByvel | plate 34
on the plate track 14. The plate | oading station 18

can be ea’i3 puliivglt plate; 3 moyestheaughihe mothes liguordelivery
o, L B AT A e
pl atspstarh 1008R!BGrabRASHE hstbtEatb\WRth B nluliell g%t% ?4 e&f!

fromthe pfate track 14 and added to the sta
20rul toptiendllydeanedifidd by sheosystemicotitral logie im brdeetobeéflect the

Figure 4C illustrates a bar caode reading station 20. A .
bar CEERADS BAE T B mvlél“ﬁ@selﬂeége&!oaremg' ,@ewsem gongrol logic
tra PR IR =Tol
A 0 1505 S HED B0k it N .
code readigurb@Dt illusttatéscaseatinfanedintatdidon@2. Thelsehlingiedium
plate 34 on the plate track 14, As descri bed :
_ 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. The 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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above, these bar codes can forned on the nultiwell
plate 34 or can be included 21 on a bar code sticker
to be placed on the multiwell plates 34. The bar code
reader 56 is nonitored by the system control Iogic
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har RS PSR Rlase, 34 as orerint i P Agroprs iaheted By Suitable
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usesamelecttiedlyalriveB imerst 0 del i ver nother i qui ds
into the wells 38 of the nultiwell plate 34, the user
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when drops have been nmed. Figure
seal lategalkyﬁthnsﬂatedt éﬁ}ne d:ateﬁ?traﬁﬁtmm eabses thersedlingimegibat 60 fo

cI udes ng menber S‘W’Nus ended over the
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| at T
D ol B Sl b % it %95m£@§a¢ﬁ%§e289 o Bl giation

pl urtednisfeys the seaﬁmglm&tﬂu.rﬁeldhwm:d 1) th€ beuling Gdrfade @Zl@ﬁﬁe @Bper
each sealing nediuminjector can be concurrently

allge_ﬁié g1 4Qiof pach well 38.38 in each nultiwel | plate 34. The
sealing  Tpe 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 sea]irig 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  vasaline.



medi uminjectors 64 are in hydraulic comrunication

with a sealing nedium 30 source 66. Accordingly, a

seal i ng nedi um can be delivered fromthe sealing 22

medi um source 66 to the portion of the sealing surface

62 adj acdhis roted inaegadltd tig: seatixy modtium sation 22 Gat tHeation may
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s cirriafe PR oRusL i movs serticaly iyttt BY the By fabeled A
4. T n
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40 fittitgse7Ovaet toupdéll withithecatiagd 68and medh @nBMatE@C ause
the wells 15 38 of the nmultiwell plate 34 are aligned
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W th the_upper edges 40 of the wells 38, the sealing

1renber 6During oparatipn iof fhet plams;pacretﬁmdvnbstamxe%J the plate

tra slatlonc sesthes 60 to 20
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ot hegvep ﬁrﬂ@vdﬂﬁﬁﬁnoﬂ R80 IDBe wnEdweR PEiEIBABa® R pldAI€ cover 44, the
geonetry of the wells 3 8.. This lateral transl ation
t r aPRITiege68 isaneved) lntetallyeuntil sacheof the vacuums fitting ssidre pgsmoned

ot T Bl SR e e s AP Erean, piast dpggton of
2040 @k vadaln féBngdeld ard®a gﬁﬁﬁa%ﬂpﬁetﬂfﬁe _QBVEY4, the vacuum

seal i ng nmedi umpresent on the sealing surface
adj sooece istaotivdted smrldemg inmemiohaliza the ptdte covérdid r‘Etmave to the

anount. of in ium delivered to, th pper_edges
30 GrragrsfoThe CargEC S I thémmiseine s oBionl GelEhaTRe Yerical
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 éomponent 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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substantially airtight seal between a coverslip and

t he upper edge 40 of the well 38. Suitable sealing
medi uns i nclude, but are not linmted to, grease and 30
vasaline. 23 It is noted in reqard’ to. the sealin
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1} e e el BB R gy d e wBR i e
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e e T S S R
rai §8Gnded duf the qe%ae% dlodreicHdteact] HRId/ B dctdr B3 caHB% t&Htuelently

the carriage 68 lifts the plate cover 44 fromthe
20rul taligmdd with atdéff@ent wathds ofia mulyweld plate 34.hAocardingly, the

2 Shae otiTbicns O SN G R 88 R R G St e
| S HBHRELOE Wl 038 HEnE ilifwell IRE 38! PORAISARTRAEE e hdltiwell

€ vacuum source di sengaged in order to drop

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.
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the plate cover 44 into the plate cover storage
conponent 72. Finally, the <carriage 68 is then
returned to its original position. The plate cover
“renoval 4 can_be ada tedtoapl te cover 30
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86. A fluid injector 88, such as a syringe, can be

r ermlm@r yoprsss b2 pesitioned anthp opposingsside pkthe ple g@ck 14 can be in

[ d Fi H., The |
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bl OcﬁiatZQra%R le;ach fluid injector 88 can be concurrently
20 aligned with a different well 38 of a nultiwell
20l ate 34. Dx-mnglopenagbly of theenotheniixpror délivenyetasorB826,ithe plate
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I ncl 1eiesthé Snjectors1drispai@eular delivery group 84, 86 are ahgned 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 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 mother 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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25 Each fluid injector 88 is in fluid comunication
with a nother |iquor source. Mre than one fluid
injector 88 can be in fluid comunication with a
singl e nother |iquor source. However, each fluid
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92 can be associated with a single delivery group 84,

186. Rasminthed thé fluidrconduit 86 shutiok theo@utputrsidecofi the syttt 198 while

each,side of.th | ate t k 14. Th her_|i
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del i very groups 84, 86 nearest that side of the track -

whi | thetamovwnlabtled B. | i quor sources 92 positioned on the

opposi ng sjde of the e track 14 can be.in
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group I'gne
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 through the fluid injector 88. Because the fluid
conduit 96 on the input side of the syringe 104 is cl_osed,. 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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wells 38 in the multiwell plate 34. The particul ar
delivery block 76 and the 25 particular delivery group
84, 86 are associated with tthe nother |iquors which

the operator desires to be delivered into the wells 38
of the nulR¢ sther hnuercdebivery sppgomeiseussed abpysris fogribustrative

t he ' fir e. ther i or .sources 92 .
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of ﬂ\‘é‘lg’ﬁﬁ iPlaje 34.cchas the one pldustrated in Fagure 36% as ppposed toon a
syricgg&%% remai ns unobstructed. The rocker bar 110

can € automatically noved between the first and

26econd p@gire SASisaop kewssf Alrog foimatidiestAon®8 AmbRleas 5B is a
B. During operation of the syringe punp, the rocker
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f 1 Visdithble @€daBEing 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 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
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Because the fluid conduit 96 on the output side of the
syringe 108 is pinched closed, the expansion of the
volune within the syringe 100 by a particular anount
causes that particular amount to be withdrawn fromthe
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secChiggGitish 96isHE Vadk B¥6in 1132 bAd aipblitich bk the coPdtsiRPRA8er 124.
only and many variations are possible. For instance, a
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t he te) eedwslabeled Br The Pipene Hodder's 122 tattratiramgel of hwtion allows
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t he thisi pipette oddar 122 to mayertp 8¥arieYy, ofpeaitiopsHichuding # petition over

t he | ateq.tr - var

o BRSO RET DI A0 8 AR ke ey Fack
i Nj @4t The fopfeahatiordaatiorc2s also weilide3 @ moldctlbdelivirh @ipette 126
10 liquors can be sequentially delijvered into the

el whichgs cpplagired tympve ¥ertigalhy acindicatediyibe arpyuabeledik

b T d i s iy _
11 et B lelsd oY R8s talied B and el it asianRtted by
a  HeQRrovolabeled o) Bhsloagitddinall dndilaterud r@rthes béinotioa atlowphe

formation system32 illustrated inregard to Figures
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drop regiThe abgvesowements cambé pchi¢veddypupbing thegpjpetischolder

one oL SR D 5L 84 s RO gl a v o
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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
thé 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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sideview of the drop formation station 28. The drop
formation station 28 includes a wash basin 112
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formation at S0 i ncludes a pipette hol der
122 S°88%PF§1&} 'DsePB 6% Rerticall y as indicated by the

arrow | abghegiphtd Atahgdnfend biled foﬁmesndléwléaélﬁ)@rybygf&helzs is

arrows | abeled B. The pipette holder's 122 | at’er
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eonponent igyre A ds 3 sideyigw of dspvsralimshelder 124he'ﬁ1§|camrshp holder
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25ar iBlumPbf BRShak pleiqdi ng a

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 place 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
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position over each nolecule solution well and a
-plurality of positions over the 20 coverslip hol der
124. The above novenents can be achi eved by coupling
the pipette holder 122, coverslip holder 124 and the

ol ecptle@nfadl ic¥ Rimyurnddafigh tvﬁth]’v?a@uﬁrﬁ pirtY Bbixﬁéﬂéd% g\ee support cups

different actuators. Suitable actuators inclu
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pi stans  and var i et of, ng&gr 25 Figure 5Cis
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122 s i)endasthd vabiRes L& BRHERAL Hycﬁg%g&%ﬁ% mEh&i@gB%&r%e or

support franme 128 holds a er o

edqual reversinigehe vaduarm. dfhe\melehse &f8he vacaumiel¢nses e cdverslips from
multiwell plate 34. The pipettes 130 are held at a
spacﬂhgcmféllfph‘i)lﬁﬁda“nat es the spacing between the

wells 38 i qu ' I ate 34...Th

30 spaci ngﬁﬁéfr%rﬁ l? %Eeﬁ’?ﬁ’f %’)g%f m&%@f%&%‘%ﬁ? gﬁt‘i" ich
al i gngeluned HpRirslith berapizines!142 sB23d &&h&lﬁ%oﬁﬁ%l}ﬁmém%%cked on
Each pi pette 130 1 ncludes a valve 132 and a conduit

134 emp efidnaigndtherm Thetstack af eeverdipstld4 avityer tha gragpzing 142 can be

8. . Th 118 d
to Q‘Fﬁgdfﬁ’“ n‘?lé%'ﬁi C%VﬁEP‘l%fﬁé “\}E ﬁpﬁfgh% i fnf:ﬁége top of
pi pe%@fa géﬂne The THaLPABInk et eenGROa@ibiRd 149 2 %ﬂﬁ«&es the

dr ops particular size fromthe prpette 13
Thesespdeing betweendid suppor dups I8 dfitbe poveeslipeoldsd 12t Thisapacing

desired total volune js elivered fromthe pipette

130. @mntta BReh magaAns 130 %ﬁ cprpyErently, pligped Wigta &‘%ﬁ%ﬂé gupport
-to, I S I i

o, c P38 A bévotdhp U RicR 124 SALEATH Ry B ol sl Al bach
Thi s madaoine I@2adualsode alifnedowitea differentrsupparpeupak3s.

smal | as 380 pL. Further reducti in the dro size
del i ver ed HguteRddedhi lﬂg{af%%n'{f@ofs‘g r ARRFatinecthe 8f°rmau°n

POSS 'spzltﬁ) Mltgnﬂ ﬁa.l?ﬁx?%gx%gs iR Ep] of tﬂé\bﬁﬁdﬁdof%h%éﬁlﬁuell plate 34.

withint scope o0 resent invention.
pi pet The ﬁgﬁ:& afdestribedediti Rspédoeo cpstaltithttordstla proteih, however,
ipette 126 is simlar to the pipette_arrangenent

| 55 ed thesameymethgslanbs useasifopr izafjan ef prber pesipiralecules.

%ﬁso i %‘%I%{?%Iégg"lg&it'gg ggf({?e oé%é Sgﬁg Dcondu % %%f%m]o%%h‘ch can

%t endi d&:@uﬁﬁlE@ WHe @he/ @b fordrtioh Qtatiof B i1 i Ueor bebleen
e nol ecul e del'ivery pipette 126 is able to produce
nmol egonlgiwedll 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 from 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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drops as small as 380 pL. Further reduction in the

drop size delivered may al so be possible, would be
desired, and is intended to fall within the scope of
the present invention. 20 Figure 5D is a sideview of

a cofluidsis ithenhaxipeided from. thél' pxpewvlé@s |The protets of ashirhtion and

i ncl ude .a fra 136 supports a plurality of

supp?ffpc vops regﬁ%{ %F° B aSdNBEBIYY Forchievs\ipropenty primed
ae\%gﬁg {4 Whi ch approxi mates the spaci ng between

the s 38°in a colum of the multiwell plate 34.

Thi s spacFigyre perilustrates aledpipetteckiciien] 220mBQed into position over a
concurrentl allgned wth a different well 38 in a 25

- col u‘i«ﬁlu@p mellﬁﬁ tm\t«b@mlatpﬁét é”hs@lpetueréxo&qmaans pogisoriedsso each

ol PR R i SRR 2 R0k Birelbip, Assordiely, cach
SUPPEipéttE VB iskdhcialdtPwitR b pRAIMIER twelEH) a’ﬁﬁégﬂg@é@ h?lﬁ%xv P22 is

to kKeep the coverslips in place when the ver

hol dewet&lurntd each/mipettectip Hpesitiened wmmratheandsthemiquor in the
nmechani sns 14 an 30 rel egse the i;oversl ips at _a

desi #EFIRS ﬁ?%qoa of eWenligeards aspizated from each well

@t t a@ﬁg&a@%m TH&L&Q&?I‘S*}HEH ARGRd §1g{:+t%sgi Bt Oe upward

o, vacuum sourc neunmati ¢ conmunl

vv| t ho\tamuuertkfeqﬁpatemlﬁdnoﬂedavelrs 38NeA PR df thé RépiratedBmother
Pul ling a vacuum t hrough the vacuum ports serves to

keediquees %rsmrscmpp&ed fromsaefrpipette 1 3@ The expsilieg msherdiquors
- 124. n the slip holder 124 is '

| nverar%gayﬁ'ﬁe va fﬂﬂﬁtcan ]\tggg‘r el eased by di sengagi ng

t he vacuumgGRIET flusirates THR\(EpeteHbldd?q 29 3R LD ov-gp&e coverslip

rel ease of the vacuumrel eases the coverslips from
18 he boldesrl2fiapd isopasisioned g0 emhgzqutm issaligned siithi adiffefent

cov onent i,hcl udes

o PUPAD <3l PO R e S GA g upic

144 d%mt‘étﬁdh@ Bttach@ienOinecldRisa 040 féren t%tlﬁjﬂfolﬁfxze the

coverslips 144 wthin the magazi ne can -

bi aseversiipml4t telative ta the suppcurt supsd 3344)mrt1haretdmpsxﬁf mother
the nmgazine 142. The

the,stack is the to

spadidHgr 15 i5cpelied trom ¢ %%901%20%?-‘6%1&@9@9%@8 144. As
pagi

o arsE ghe gRite s SFIRGAINE Mol HonPl pRARMERSHICH B,

be delivered entd a/partitudarabvedstip 144di f f erent support  cup

138 of t versli p hol der 124. Accordingly, a
coversl i Z&opsr ofmetherliquor are expelled onto the covershps 144 until a

desired volume of mother liquor has been delivered onto each coverslip 144.

The total volume of the drops delivered onto the coverslips 144 is strictly

25  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
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15 magazi ne 142 can also be aligned with a different
support cup 138. Figures 6A-61 illustrate a nethod
for operating the drop formation station 28 to form
hangi ng drops in each of the wells 38 of a multiwell

pl at grefedably Hoevekh GBOSIS akd 80 %?ﬁgtﬁgfreﬂbﬁf Réeﬁéegﬁgkoﬁﬁand 15

crystallization of a proteln,
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1B oot bl R E SRR Thetons o pleRyin Salkies drefiered
sol yiqip a&%a%m:ﬁ@g %%&%ﬂ&ﬁ%@aaﬁ&egfﬁﬁé Eé\%éslip 144.

fluidis aspirated fromt basin 112 and

pi pelteeprbmbide pf the Folimesrdeliverddtioprefarabie 1¢shehan gbout 25 nL,

tips fromjghe cl eapsi ol ut.ion, The cleansin 31

fl uiW‘F@r?gﬁ’é‘ElyéiﬁéF%‘bgg @wae&rw ess theaol S n@nd most

pr ogfééra%gy RBshhisi6 8f. ?Hggre@%fq# of thélvSidthe ael:i\?é?g@&%g glso be

as ten as I's necessary to achieve a properly pri

1pi pdetveen D3Mhd 25i iy meore Prefedablst bedtveen 2 el PO AB] indrdysrefieibly
122 noved i nto ﬁsition over, a 5 colum of. wells 38 in

t he DEMEER 23pd lf ﬁP% g’cﬂsbp’l"?&ra‘_@?’ bf?’?ef‘sz Bsittoned so
each  pi Pglelfothéidudr a}dépg R4 x?f&te?n @ﬂo%g ﬁ{a?% ¥lkred®n any
Iy, pI pette I'S

in the colum. Accordin eac

assocdeat Gucavbodth daopsaare delivered, whd dropScombigie pd Pt € hanging
hol der 122 is_ |owered until, each pipette tip is

posfIRieds shdigd f‘?rﬁﬁ;étahﬁ‘tfﬁ@lﬁopi qulor in the associated
[l -38. [ . [ L '
27 o eac R iBe o Bankilg o B tncicoflidtin 154 RO HCRCEL

The dalitéipipette 1D6 Brdckéds thhke RéARbY&slipl B WA Khngird drop is
rempve the pipette tlgafromthe wel I's 38. A portion

of fermeds qagh eevendihk44. Themolesulgdelivers pipstied26aben returns
f‘r °% ﬁl%%sﬁiiog %Fvctereth% Sr)rpdlecTzrl]ee solts 1oer|1 ng w éhhv%gs {bie ource for the
molecule solution used to create the hanging drops. The molecule solution
25  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

30  multiwell plate 34. The coverslip holder 124 is positioned so each coverslip
144 is aligned with a different well 38 in th¢ column. Specifically, a given
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fall back into the associated well 38. Figure 6D
illustrates the pipette holder 122 noved over the
coverslip 15 holder 124 and is positioned so each

pipette tip,Js aligned with di fferent support cup
" apcovershn [ 5alizntih ithdbe el 38 mbichprathegonrcess rampiper

eno Ry G e B R MR R Tt ve 1o

the suppdht cougrslip 88ldePN24 iy lowered udtiDBS coleriRbIRI4 contact the
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cové‘gmra@ecm ce sachi oV ipd 44 &t blac PY5d an assagjated welb 38.
D ¢ ding BropBRH Roff e B BRI hIBUEE AR 3 3 WlBrrated

10enajpl Bigugnss! drop volunmes to be used. Wth devices

whi ch can deliver volunes as | ow as 380 pL, volunes
can be dEiguefHdilvstratesthe sovesslicholder 24 Thevedrintoi misition over
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o pr eéaeh@bprbrk g_.spmmwgﬁe@ ithaagiBte 1A0GH %@élzivxrshggﬁmge
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than 10 nL. The precision of the volunmes deliver
maycompamept ! Hbt Aeerddglhp eachnsiippart up 1 3®iseas8®tiated with the top

f I t 380pL 0 nL, : bl )
D e B AR D Sk TREATe T o ersBGE 9% bapieed unt
33 ) : L . . .
hoIQ%(l;lrr1 1%2 re%ﬁni%%% ﬁgo ‘!Féeésltbsggsi t oﬁﬂ@ﬁ#@g&&%@m

i 1114t rBrecattachmentgnechadism T4kisreogagedite inimlobilizeythe contacted

ipette,126,]s,moved .5 into position over a coversli
DA EOVBRIE Db BloTEr e i e Rt SOPRATO RS- ¢ ho P

cover sl i pighftAer ifilGrdtd @e%se hIBEY1 R rRRihed b & Bgsition

| owered into a particular nolecul e solution we
a vohetap afvetship et femmleacts nlagazimn] 42sdisoussedowitiDrsspect th Bigure
mol ecul e del jvery pipette 126 is in position over the

coRE § 3tichefito the aprociied supRoR SRS sol ution are

e e Ry e s B Bk
nolde6p being Forhedin cack witdl 38/6f £éingle column of wells 38. These steps
are repeated unt{l 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 rﬁother liquor
delivery station 26 and the drop formation station.28. For instance, the mother
liquor 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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until a desired volunme of nolecule solution is

achi eved on the coverslip 144. The precision of the

vol unes delivered is preferably | ess than about 25 nL
nore preferably less than 20 nL, nore preferably |ess
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proceeds t ' 4, ANt 4 - hangi n
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over the nol ecul e solution well which was the source

f or ffommnatiop|stasipne Sseanin¢lude eashaf the companents Hmstrated)imiGigure
ops. e nol ecul e solution.25 remajning in the_.
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ol eCH{)@e\ééoﬂhEtrﬁéiﬂod\@H»pe %&e@gmhblaéﬂ Vette§ Frohd e method

mol ecul e delivery pipette 126 returned to its rest

posi tllustraged ih[Figtats 6Aed. Figuresgin-&GaRustrtga rmetold fat Sperating

illustrates the, coverslj hol.der 124 inverted and:
novedds 08 quqnoww@#" tpﬁ@n&aﬁm&&ws iResprsweld 38 of ppe
30 i. . r . . i . .
oo HliE plat 34 Rasifed e Smking difp £5% diéfbehAallizarion.
I8 f f er ent Tieelfiguréifare dedchibed odith mespedipe chyfstatlidatiyn ofa protein,
given 33 coverslip 144 is aligned with the well 38

whi c Rowgeer: Hie saggmeethed canRe ysgd fRricrysialijzasion 9f athet gypes of

crea hangiae Ad ' Aol
covertgeafesT TR 4 IR fE, 0 Bes I ot 28 8 e same rest
144 peositias illustrateduip Figure dge Figifde UB illtratsaqnuldivel plate 34
wel |l s 38. The seal i ng nmedi um whi ch was 5 previously

app| péaptedtor pesformesittinglop arrayt micrecryallization meygddatozposition

5. i PR LSRN P L e 3
at t a¢duiedes ardslhiicia [Lddjadest fo&d s@t@ﬁ% drépgionel2c Fyars 7Bmlso

hol der 124 is raised to | eave each coverslip 144 in
pl acdlustrates ghe pipstie heldenl 22etnpveddnto position over the wash basin 112

for priming of the pipettes. The pipettes are primed as described with respect to
Figure 6B. |

25 Figure 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 until the

30 tip of each 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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The hangi ng drop hangs fromthe coverslips 144 into
the wells 38 as illustrated 10 in Figure 6G Figure
6H il lustrates the coverslip holder 124 noved into

position_over, the coyerslip storage conponent 120. . )
The mogE LguPpisasPigaied from cach Wsﬁ Feaitim &4 astpeiated with 2 pipette tip.
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For P8 groBdetion 2 el findd s BRI Pt Gl Ha ool

34 gaivehsl Hmy REcH fttinBRir ?égio%t@_t. I THe: totd) @olume of the drops
crystallization system 10 descri bed above can be

. adagelicradoorito ithe cayerstiph if4iisspictlyengoledpAa dissnssed praytously,
de .with anges to the mother .l.iquar,. deliver
147 o6 AS5HrS 6% MiRpESrat tYemSont ik feiptydp Sty gl fpmes
| NSEARGEl WHieh BRADIEY sl ax'bﬁ VOunitBtd Ve kudec t WhthQiev&@s which
adapt ed ?'o deliver nother liquor into the well

r egramdelivér volumesras lovivest 380miLa velwaessgnediglivered avithograat
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Spegs EL,Cﬁlloké’ %refé?'S’oI;' hdd§ thah oGt Pote BrefBiablyBssTHANES nl, and
i quor delivery station 26 nust be aligried with the
20wel mosestefensbly lesh éfanrl® nlh&heprdvésion ofjthervolumesalelivereddnay

into th I1s 38 of the nultiwell plate 34. Thi
al | Gsirbn beipesen 800 and o8 Al Bpre pretess s Proyeen Pgel. nd 20 oL,
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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 region 42, drops of the molecule solution are

~ delivered onto the mother liquor which was previously delivered onto the
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Adapting the crystallization system10 to formsitting
drops also includes adapting the drop formation
station 28 to formsitting drops. The drop fornation
station 28 can_include_ each of the conpagnents
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1ar r ay bestudirdriysirasthl foahation. Riged 1Ghilluspaes 4 sioting?drope formed
sitting drop formation, Accordingly, each well 38 in
t he ¢ bifing drpp ragiomd? of \well d8s Adtapdonmipg theirting drop on the

it hslivy ©s 4 : .
"1 SERPR el Badh oy Y pRIARI EINE, AP L LA N Beds B0 B o
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The pipettes are prinmed as described with respect to _
Fi gof theg®lums. Fheymotecyle deliverytnipgttes] A6hepregans to thg|pgsition

22 nmoved into . position.pver.a colum o | ] i Dyoees
13 o N B U g i Blep 1B M for il bt
POS ubdOdeFefO1HRIRNND h@?&t Thé hidlédul@bdl@iditrewaiding fiethe
well region 41 in a different. well 38 in the colum

as malepie delivery pipetteylA6ds prpelleddatodthe grojeculesalutinn wel.e
' iated wi.th st cul [l 38. [ '
ot der - s 9 domifian of afNitng Ardl. P tdvsittips 12F e
I's BO& the QRAY 38 BaviRg sﬁﬁﬁ%%byk,idl%o&o%@ 5l5% 2@ foaded onto the

previously deliveréed in he well region 41 of the
201s s ooversigmhaolded 123@nd Ahqdnop iformasion: stasion3B ispetiened to themest

is aspi.rate fr.g ach [l regj 41 ciated with
a 'piPBg‘PP.%af pen OXEt rﬁgﬁﬂéﬁig}xﬁ@ﬁgﬂe pi pette
upward t o['He%Hi{ﬁ% BedcRBePWRBIE ekt BF iF\F:SEWI\h'FG redBitli® a3fting

A portion of e aspirated not her uors are then
expdrdpebkifig formed iheachiwell 3&of T siaglexpbihedf well$h28. These steps

g lzjuc')er rsepga%u urkl)tﬁ% alngltng dtrglpeisafg?xgg& fant t‘ﬁg wvgflls I38 ro? giac%ncsolumn of
25  the multiwell plate 34. Once a hanging drop is fornied in each of the wells 38,
- the multiwell plate 34 can be moved to the next station.
Although Figures 6A-7G illustrate a method for operating the drop
formation station to form sitting drops 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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5 41. The pipette holder 122 is then noved so each
pipette tip is aligned wwth the sitting drop region
42 in a different well 38 in the colum as illustrated

in Fi gu nor e dro nmot her . | i.guor i
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same wel | E The drops of nother |iquor are expelled
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1r ehparaplage $uppsrts h48. Alpintl 60 28tends upward frame 4 pinadsirgiage 162
| th 0 nL f | t.han,15 d
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the {&Ly B2 x&elg@g{sgam 180 S8 RAND BlaNPERI AR AR ed in

25 n nore prefera tween 380pL and 20 nL, nore

~ preFegurbBA drab wethilra8 thpd pinrié0 bslow the pidte trackt 14 as illustrated in
preferablé bet ween 380pL and 10 nL. Figure 7F
i || HiguraBBs the pipette holder 122 returned to the

grest pos II;I LJ#‘BQ gcﬁg a el smé}ew ‘%t%é}glﬁétu%gk lg ahd Q'H%s%omssembly

he nol eC fvery pipet nove

POS ixkthQiplavdity of fiultiwel) plitea(3 4R edentiont thei ptatau‘dﬂt 14.3Bhef
t he colum. Before gel ng noved i,nto paosition over the

vvel mgspor&%éembllyéeeip S&Blﬂ;ﬁaﬁ’%&?t 126“%9?“1 carriage

o I At :
Y’Sﬁéﬁsﬁ% B it Lo R S bl el o 1608,
mol e62C & eifi thoIQh@ﬁé ilongd #fe loBgihidir0 aRie if teqilate tAEK 14 as
the sittin rop region 42, drops of the nolecule

2G50l iltustratedr thd etTowa rldvleshAoBtané Gml’hvebracpkeém thesgndsef the
revi.o ver nto th .36_cove
ThooRPHp ek HCaEEoEBrlPh B AP e RerTaEs LPAEE: 162C
desired TyRltsEpiafcallg8a6ba a‘hﬁ'th'é {Ho¥a Pis caeiREeVSIL Bitlude a
the sitting drop region 42.
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 162A, 162C serves to maintain the displacement between the pins
160 during movement of the pin carriage 1624, 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 pins 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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precision of the volumes delivered is preferably |ess
than. about 25 nL, nore preferably |less than 20 nL
nore preferably less than 15 nL, and nost preferably 5
| ess than 10 nL. The precision of the vol unes
%?Belszc

del i ver edsiTay g@ $66 REoRAEIS
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Fi guSEBﬂmc tansher mbesl alosg thei lopgicdidigs akiarofeik platet ek 14

sitting drop, region 42 of a well 38. After formng the
si t tYithgutimeyingmyltiavellplate 34 pnthe platestgrcknl 4 Whem ghe pin 160 is
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sol ution

WOne o1t 1 Asieaited abTre e pBi bR Aoty iHeRiq gessrort the
the L{lﬁ!neﬁpla?escba' ﬁaﬁrs&uerﬂswgg %‘%%@?@%& 14" Parious

eculfe solution we rmat i on of the
SI t pbsigonk aipng theplateweacls 1 4 pan Mfdssameteﬂmth 2 pmdulaomnon of

. the vveIIs havi ng S|tt|ng drops, .new'cover sl
ar etheq % nsvewE 1O oF elparante, WheB R g ltivsl Pi#HA Jiglocated

dro Q% é(%'itf@:t B 0B bt ﬁfg'e %ﬁ tEg rdu?nwé bt $fcdnOnd xQEd 58 Slbar code

position as 'Hescr ove mnt respect to

15F- tatiod hed wheps ntldtwell beute B islocatsd egpositivnP, gaseding medium
7TA-7Gresult in a sitting drop being forned in each

wel Ftatian g¢ can b ﬁﬁfiéo eBPlyAseatingmedumsty theypRer edge 40 of the
\";\‘é flwreﬁggé‘tof JM{Q %hng’gﬂ?ﬁxg wr?gfx ﬁ‘[ﬁ@ell'bl%t@ %é Js

Onc positibradgit ll?g tﬂé ﬁmltiWell plape3d can mmxtm‘neﬂ lbenaumh bfie 3fithe
the nultiwell plate 34 can be npved to the next

st afelrery shutviesuttofia rgetb@s liguoradslivery sation26. a et hod
6or oper gfho%hot g%e c%pnog g?t.lﬂb%g ?Eﬁ ﬁ] cpﬂxrt\.lgm M hbove -

Sitting PSS and-hangifng rops angi ng rop

st atrhdpobraasSnshilly yoxaaﬂahaﬂgt& BliEvelicil¥etial thbeléd TPfrom the
techni ques, other well eonetries and/or. other

mul posiaon Iqbblad &, trethepositios Jabele P4 tothe posion pheledife Once the
aPPal Fiwat 1a9eeflc 118884 & pos AP ,E fhe ';Iu%ufﬁ)s inGhs A3t 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
positioh P, to position P, by moving the first pin carriage 162A to the right until
the multiwell f)late T, is positioned at position P,. The pins 160 are then
" withdrawn below the plate track 14 and the first pin carriage 162A is moved
30  back to is original 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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may optionally include one or nore sensors which can
detect whet her nother |iquor drops and/or nolecul e
drops have been formed. An exanple of a suitable

sensgr, | i |

and e £l Fapk s SETER secnd B BB ] ol bR e i or e
st at imaltbwélPplatd DUrBse $iAs 36D in thesédoad pinbcapri &iecld2BChre then
enbodi mrent of a plate track 14 for transportin

Ul extended abave enlatsamak df and thesseand mn sermisgs 1628 moved to

i . € §i f | at. k
ookt giaraRa e Bt Ren oY 1o iofielyBofiBnBrat o 11 ack
4. The pfrﬂk?ldrﬁlitglbfkﬂ% Larehgsiels2 i MstaRAGR tighle 80 Ibws a

plate supports 15 \ pin 160 extends upward from a

pi n maitiwellyplatecdd atmpei stationdd bb prasassed threugh theerystailization

14. ‘The carr.i age incl udes chapi c i gh., .can be

2ct uatiiem 1D TdBerir it R heCE AR 4 eineaprsesd through
14 i - ' h OHE SinShn Q! ' 184 P

o0 Bereaty ey [0 0P nthcst ¢ B MAER a6t Blobe

8B. ddvaht&ifremdE to P, avhiletacseadndsnaitiwiet wlak 34 rgthaine in place at P;.
track 14 and transport assenbl with a plurality of

19ul t iAsed tesplt.aviken BgPpandsBrare gachaseociated with differentstatipns 12,

Ly ingl i L0 carli 62
L o RBR i eIF RRRT ucah BE D GReeR ol btelert 3ELROF2 A Mrerent
162Craté§aq*hr&fer,tdmerebtlrpiﬁ Rbrriag8LF6210RiIGh mbkéBp a rt Sssembly

configured to nove along the |ongitudinal axis of the
pl at eant besinklutlad asthdodépendentisystems whichtase assembied| tagrshesdo form

A B d C .b k t th d th . .
o B CESEe TR IR WELRT 1D FUBRE (i e b RhioBd bin carriage
1 t%g?& dszlsﬁ@& belfifaded Egg gdtﬁéltﬁqﬂbﬁdémef Sy36ken MPhe WA pire

ird pin carriage 1 include a plurality of pins
160. caftisgepl 62C canchd inchided i drop foimatipnrsystemy32age 162A,

e A A el S o
L2 o L8 8 L AERAE il
162 Gradedin the wariéis wells for esyistah eality.(iTHis magbe eode thanually or by
B hSoeneb b oo B8 B,
por 1P RREBr Sy ST ORE ARG A oA e AR Bnatedne scoring

162 sfdtyhal foxnetisied whil e anot her portion of the pins

160 within the sane pin carriage 1.62 are wthdrawn.
_ As described 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 crystallization 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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.38 An air gap 166 is formed between the pin carriages
162A, 162B, 162C and each of the nultiwell plates 34
positioned on the plate track 14 so the pin carriages
162A, 162B, 162C do not contact the bottom surface of

t he mHechbMbbitioRlofti@Smather e din ' i
160 are V_\Aﬂ?hdr awn, the pi nﬁ?ﬁ?}ggggai%ZA, S&Q%b%%&&ns '
162Cligted inEiguse 8d Motbemliquoss haying the tisted compositiants cainbe

plate, track. 14w thout noyi mul tjwel .ate 34 on

Phe. Pl Habpogestohotd aimaiftel ClfiBiaged and
the pin cydi 2, V, j ' [ ;

axi s of the Napraiclh TRIED PORPRE Hpfhor RIS 4 Riared
ndil t itk the pulasere@ib aflthe prefiriedgotnse sqreett. SSinée 480ahotheditfiors

the longitudinal axis of the plate track 14, 10 As
desc Arepagluded ifcthecparsp sereen andzsincs sach plateanrefemablysinglydes 48

to t iwel Lom s [ on. t

st at ONSARE ot pf st (o el B AiSob R Bl PH Mgk Brong

al onghel dy8teRl. A @ther ABK sdthscradhs penrsIsPRichide B4\ 48 ndther liquors.

particular station of the crystallization system 10.

For Assordingly, eaple plate ean in¢lyds goy anedo Byo sub-scoesas.ed  at
sition P,, a bar code on the multiwell plate 34 can

read by a bar code 15 station and when a nmultiwell

pl at gAF kg | ocated at position P2, a sealing nedium

station 2Z can be used to apply a sealing mediumto

t he upper edge 40 of the wells 38 of the nultiwell

platg 34. Further, when a nultiwell, plate 34 is. .

posi £E&Red—at—P3—the—+ vy 56 St
posi F%% ath one of the deliggery shuttles 74 of
a m)tt er Iq’lclkqegg? delivery station 264.8620_The fol |l owi ng
IdescCiystalgoredrdlcr i bes a net hod for 48ing the above
trangport assenbly for advancing the nmultiwell plate
34 | §pdiammenium Yfifate position | dfeled P, to the
posi gr@nvippel ed P2 to the positionpg abeled P3. Once
the multiwell plate T, is |located at position P,, the
pi nsGHidGodiun bidofidest pin carri age 24162A are w t hdrawn
bel ow the plate track 14. The first pin carriage 162A
i's Zﬁnﬁtﬁﬁ&?ﬁﬁ%d to the left 24d the pins 160 extended

ovg | af.e t 4 as illustysated in Figure 8C..
#ﬁe ﬁun?{}?ﬁm(g)llﬂ%gwa{lggé‘?elcan t hen be ir?oved from
posi SbdiamhothsiraphbsphateP2 by 2#oving the first pin
carriage 162A to the right until the multiwell plate
T, iBEQghenstweaed at position P2. THS pins 160 are then
w t hdr awn. bel ow.t he plate track 14 d the first pin
Mool i &

carr

Detergent screen I 24
25 | Detergent screen II 24
Detergent screen III ' 24
Cryd 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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30 back to is original position and the pins 160 are,

agai n extended above the plate track 14. The pins 160

in the second pin carriage 162B are w t hdrawn bel ow

39 the plate track 14 and the second pin carriage 162B

i s mniea ligyorsiehick maydr nended fou diffevmitifinglsateendTis. larf@nough

pin in t second .pin carria 162B are then
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plate T, is located at position P%Hg%hﬂohtﬁeé?g’lquqyélf%%%?ck

pi n sclationscapelthdib@elivietsthemantedhe wels ofia plabsC AltérdMEvely, one or
te 34 at one station to_be processed

| tiwell pl
hr A% e’ftﬁ@a@wg% qap pguserhto cssate the fine screeaapetharliquars from

of : el i rogessed.t hr.ough

e SAEL SR 015 P B M BEBESYA B DT o
mul Flaml Theseplates arcthen be proxessad GRBush &Y Fstebd P2

while a second nultiwell plate 34 remains in place at

P3. 10 A¥henransxternal\gigemps usedo formn pad deléives fimk screen mother
i at ith diff t stati 12 [.t]well
o1 =it e Horetn S 1688 863 REfmige thuathet Luer dstivery
1012 ahticH fof &b avbRLRBBbliAgH B the cf@hfv&?f @f‘%otﬁiﬁﬂi uor into the
2 k t asse c)l/ can

carriages 162 which nmake up a transpo

be el efkeplate. tAs a redelpehelgystens yortteoidogib innist B¢ nformed when a
assenbl ed together to form the system For instance,

t heplﬂer‘glamé ﬁﬁcﬁfhaﬁ spther digroriis dn thesystean ndin gperator can use a

car d Fate Al [ ther .Li quo
del {l%grgﬁ% yst é%%gﬁ t 6%9 ﬁlﬁﬁég H%Sglog({:l:a?%go 2’ g P é %q@g{?s B‘geady
| nchasdeetherliquots dgliverzdrintoi therwellst Alteddtivélyy st @derator use 2
formation, can be detected by exam ning each drop for

15 heP a?@ﬁﬁ%iaobﬁrspdw%hémﬁﬁmhat ppthes Havers armaltiady present
crystad @eﬁ{ gfﬁgg&)%é_ed and graded in the various wells
a

for cryst quatity. This may be done manual ly or by
20 an automated device. Diversified Scientific, Inc.

of Birm ngham Al abama manufactures CRYSTALSCORETM

whi Ezample be ysed to automate the scoring of crystal
formati on. As described above, the system can be used
to perfornmed crystallization trials where various

20mot her | THpIG/sted @esthibeiRibRde Wak ubdiin'a Pt} ¥t
crystalli z_e@; 25 protein of inter esatl.él Thlcltji ozyme

cr ysysillizatian expetimients svhereslyseyteywasarly stdized toammsogher liquor
o ol S B R SRR R el o
ﬂg?ﬁg?ﬁ{l& The VIRMEStthE Barftfing &%p%ﬂﬁé@b? HeSfBp fordfation
station was different for each experiment. Figures 10A-10D respectively
25  illustrate crystal formed in hanging drops of 40 nL, 100 nL, 200 nL and 1000
nL. The crystals were formed regardless of the reduction in drop size. Asa

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

Example 2
30

42



liquors used for the coarse screen can be standard for
each crystallization trial. Wen the nother |iquors
are used to crystallize proteins, a preferred 30
coarse screen preferably consists of the 15

sub- scr eerkhelsysiediesdribEdabevelwas ieed iR 4EBREal REatFRUAS where the
l'iquors, included in each sub-screen is also listed in

Tabl &wofher ligyorfos cristabizing Ivspzyohe was optimized. - Dugingrtse coarse
.l ARG ABRSS Sdroab b oo o e a8
conpesithérdithotAdisdissed APFAuURLS ’fl'1|5n|9 F@sﬁm&grhagﬁ 8?21@2&5?“

Laguna Niguel, California. As illustrated in Ta
ad t oe¥pershentgyereromparddi tg woe anather taddantifpbaelobmord h

th b- I f.th { d ' .. Si
480 ROCHUFioR Gepecimepie e lding frysials it e ot desimbleoen
and ghia&eRAN. @n@%?ﬂﬁriﬁémpl%aﬁg Qtfégxgéﬁga%ﬁme\@ﬂ Wi ?sgociated

t he coarse screen can be pertorne cessi ng on

10 phathesmbthenligior coimposadsifatte MPD ok 2-ridiRyl-2,4-pentanediol),
sub-jééeens general |y include 24 or 48 nother |iquors.
Accor B AEYlypodignraceigte, 28 mi calcim ghloride Atpsh& 6t 0 t wo

b- screens T .1...Sc n . of nmot.her

Yuor s G SAT ool GO WS oERiEhs prapghen
G i dpérforeiydy Mheebinpbsitied of Be intothEiAbrs b dlate@ WithBach of the
chloride 24 Gid PEG000 24 20 Gid PEG Iithium

chl o24 deystailizagon expetipeentsswas selqsteskiclative tothe chE@osition of the
screen 48,. Menbr an rotei n. screen 48 Detergent '

sor ot Sguoretdtiled ith e iaBEHAR copsse seieR spriment. The
SCr egdinpdsiticift of the 24 mother liquors selected for the crystallization

15  experiments of the fine screen are listed in Figure 11. The concentrations of

certain componeats in each of the 24 mother liquors matched the concentration
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 rﬁnge which
encompassed the concentration of these same componchts 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 crystallization experiments yielding the

30 most desirable characteristics.
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Cryo screen 48 Low ionic strength screen 24 30 Each

of the nother liquors used for the coarse screen can

be stored in one or nore of the nother |iquor storage
banks. However, the nunmber of 41 mpther |iquors which
may be netBetPregningexamplenand defsripdonehpreferret gmpodiments of

eno : : ther |i rs ..

ortE preséif inRl{chtie BloVidiaer BB dlhosel A Mifrasion and
a stdebéription)i THe d@nifesdid frefeered @hdOBInEHS) Abwh Ve USE Dot
fromstock solutions and. then delivers theminto the

wel |iBtepfedtpbegxhaugtivecriadimit the invantioorto therppeaise forms
xternal syst.ens can be us to cregte .the fi.ne screen

ot HiTesed S SR AR s GRg arAans il e Apparcat t

t he?ﬁa&ﬁfdﬁ%x‘s JKi 1080 Shils R i WeHE ibed 1

pl ates. These pl at egmg gln10 t%ﬁe%?dﬁégggssedc%?%cﬁdﬁsﬁ%bed n

systozder tdlbest explain ther priviciplysoftire iisvention ahdité prasticabdpplication,

del i ver fin%gscreen Wg}he[ liquors, the system - _ )
contthgEby seatlingathers siglled in theqet tofaderstand thq inyemsion for various

del i . s [ : . ' ' up..o
e HokimPhls 3ha M aiduP BREEALRORY B SRR 0B HEBar use
10! atcBntefsplated Rtk intedded tBThE BSPRIOE R inV&flios HEWRENELY the
i nformed when a plate which already has nother |iquor
i s ifellowingsjaimsrandAheipgquivalentscan use a  user
interface to informthe systemcontrol |ogic which one
of the plates already has nother l|iquors delivered
into the wells. Alternatively, an operator use a 15
" plate having a bar code which indicates that nother
liquors are already present in the wells of the
1ﬁlate. Exanple 1 20 The syst.em descri bed above was
sed in a plurality of |lysozyne <crystallization:
experinments where | ysozyne was crystallized in a
not her |iquor conposition including 100 mM sodi um
acetate and 10% sodium chloride at a pH of 4.6. The
vol une of the hanging drop fornmed by the drop
formation station was different for each experinent.
Figures 1 OA-1 OD respectively 25 illustrate crystal
formed i n hangi ng drops of 40 nL, 100 nL, 200 nL and.
20000 nL. The crystals were forned regardl ess of the:
reduction in drop size. As a result, the system can
be used with subm croliter hangi ng drop val unes.

25
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Exanple 2 30 42 The system descri bed above was used in
a crystallization trial where the nother liquor for
crystallizing | ysozynme was optim zed.. During the
coarse screen, 480 crystallization experinments were
performed using each of the 480 nother liquors
disclosed in Figure 9. The results fromeach of the
480 5 experinents were conpared to one another to
identify one or nore crystallization experinents
yielding crystals wwth the nost desirable
characteristics. One of the identified coarse screen
experinents was associated wth a nnther | i quor

osed of 30% MPD (+/- 2-nethyl - Ejntanedlol)

noit¢ desgrnzine puitable

¢ SIS RSER BRI SRt R 2

t he not etmihi @b afray aﬁﬁﬂﬁb@@ﬁdllfﬁmidhse@@l‘i nfitrobR8taliZdtion
crystalljzation experinments was selected relative to
t hEOBPRPHEI ti on of the nother |iquor associated with

compost 11 ons “oF o R g o et P EMion Yites composion

10cr watied withiatthoarrdybarepmolemele ts botrysializd ke dripaawingre

20

|isted |n Fi %ﬁre 11. The concentrations of certain
confg fdessthambplof the 24 nother 1iquors matched

t he Con%ﬁﬁ'fng%é Ay & mfct&?ﬁsteﬁﬂfﬁ?‘&ﬁ?ﬂﬁ r CQ?&IH?HSnSéJietable for

i dentified Coarse screen erinen

t henotedtubeerybtalguo fordsmahe dtotpsl inihe larrhireanddent i fi ed
coarse screen experinment and the nother liquors for
each of defeetidg melesaleaeybtdl Myi@iatiohiiZ el ddbpsexper i ment s
were 20 all about 30% MPD and 100 nmM sodi um acet at e.
The concentrations of other conponents in the 24

d whi ch
ﬁé’ﬁlﬁﬁéqu#et'% {Blﬁé%%{r’iag?m\ﬁ c@}eat L:ggesan:acconponent s

|n the identified coarse screen experinent. For
i nstance, the concentration of calciumchloride was
20 OpMohallyt, e mdledile fis £grotgar se screen experi nent but
was varied from12.5 25 27.5 mMin the 24 not her
quuors ~Simlarly, the pHwas 4.6 in the identified

OB RS TS SRS o 300 catons
Optionally, the drop has a volume of less than about 750 nL.

Optionally, the drop has a volume of less than about 500 nL.

Optionally, the drop has a volume of less than about 250 nL.

Optionally, the drop has a volume of between about 1 nL - 750 nL.

Optionally, the drop has a volume of between about 1 nL - 500 nL.
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Each of the 24 fine screen crystallization experinents
were conpared to one another to identify the one or
nore crystallization experinents yielding the 30 nost
desirabl e characteristics. 43 The foregoi ng exanpl es
and description of preferred enbodi nents of the
present invention are provided for the purposes of
illustration and description. The exanples and

pr &dpsionaldy. dhhdiophes & g olumsed\bstweearagowiol nL + 38@nHed t o
be exhaustive or to limt the invention to the precise
fornms 5 disclosed. Cbviously, many nodifications and
var, [

D B B R bt BOTEE o RSB0 o e
in order to best explain the principles of the
invention and its practical application, thereby

endhtionglyo theerdllsdrgludedessithan aheutad 30 iloo{imathes awat sphigion.
invention for various enbodinments and with various
nodifications as are suited to the particular use 10

' e
o S ERa, BB welt e UpRRME foh 0ol Vs SEPRE ableali
5t heompenﬁntywh@htase vdrfed Within e ar@9. 44 5 One nethod is

for perform ng array mcrocrystallizations to
determ' ne suitable crystallization conditions for a

RSP0 v % Rter Tl sob O Bt FY

CO@Bﬁlb&ﬁdﬂlﬂS@h@hﬁfé\@ﬁ@@W]tﬁiﬂlﬁe&T@t her |iquor solution
whose conposition 10 varies within the array and a

nDIecuIe to be crystalllzed t he drop having a vol une
less than 1 L; ring the array

i &P&l@fl@lbt 9 drEa i GHES TR BUndh mlgﬁgrygtalltzawres f or

nol ecul e crystals to forth in the drops in the array;

and detecting nolecule crystal formation in the drops.

Optionally, the array includes greater than 192 microcrystallizations.

10 Optionally, forming the array of microcrystallizations includes using greater

than 48 stock solutions to form the mother liquor solutions used in the array.

Optionally, forming the array of microcrystallizations includes using greater

than 96 stock solutions to form the mother liquor solutions used in the array.

Optionally, forming the array of microcrystallizations includes using greater

15 than 192 stock solutions to form the mother liquor solutions used in the array.

Optionally, forming the array of microcrystallizations includes forming the

drops within a volume range of less than about 25 nL.

Optionally, forming the array of microcrystallizations includes forming the

drops within a volume range of less than about 20 nL.
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15 Optionally, the nolecule is a macronol ecul e.
Optionally, the nolecule is a protein. Optionally, the
macr onol ecul e has a nol ecul ar wei ght of at |east 500
daltons. Optionally, the drop has a volune of |ess

. than about 750 nL. Optionally, the drop has a vol une
of | ess than about 500 nL. 20 Optionally, the drop
has a volunme of |ess than about 250 nL. Optionally,
t hOntonpllydarmaing shaareayoit mistogexstrlligatians inchudes foringthe

ot Ryt 2 Rt PREREFSs 8 W G RES 2 Vol ure of

bet ween about 1 nL - 250 nL. Optionally, the wells
include | ess than about 500 L of nother Iiquor
solQrtei oethod Ffor pq:rﬁbrhyng aey mirégystalbizatbas tedatemiiaa suitable

| uti ) t. I 1
£ haRsufPcBh et ShBha e RRuB e srerRa0Fng ar
sl east 4 foriapRAAAAY 5F Mﬁbr@é}rﬁﬁmzﬂtﬁfdseéﬁcl’i\ﬂlﬁlbﬂoerytsﬁﬂlzatlon
array. OQoptignally, the wells include nother |'iquor

solcamPypag Banage sron eurprising eandenbata sahitioh
vare Fﬁgomlgﬁbg}lés%t}ﬁé %l?%agra%ﬁ%%&lg ul foh§e Pf%t%lg’l.zed, the drop

i ncludes greater t Crocrys | Za
qOﬂ]hmnglalvyolurhdneflaSSrthynilrp@J udes greater than 192
mcrocrystalllzatlo S. Opt.ionally, form ng the

array oftoFng hsarax o m“irﬁ%{ﬁt@H%atlpﬁ%‘l“lﬁiﬁb@nggioﬁﬁs@ia@ﬁtf@r
10t h%blé'c‘%les&gﬁgls SPErhliRBR drps 19&1&%&&%}8} her 1iquor

solutions used In the arr y, formng the
array ofdetetttngioolestlakhyiswbfarmaton incheidieps.usi ng gr eat er
than 96 stock solutions to formthe nother |iquor

qutions used in the array. Optionally, fornming the

rocrystallizations i es usi reate
5 ¥ R QLS G et Rl Bk OB R s 1D 0B he SiGhie
solcmstatlrzatmsecdmdltronslﬁﬁ aanolayule, thpinemoa kobniprifing:m ng the -
array of. m croc%%ic,t&nl zat i ons i.ncl udﬁs form n t he
drops wiATHIIRE 3P FEMRRENicIAcHEtabzatignss eqc MicRsBisETiz8ton
15 PLbApadih 88 céid
el Ry a SRR Op OB Sihoffer [ B5HHOH Ahbic B Pion
I egsndsmﬂllaﬂmulrraz @nd amd@utqm ibe mayistalljzed theriirog lmhmg a
arra of mcrocrysﬁ,al l'izations includes formng the
e of less than 1’nL;
storing the array of microcrystallizations under conditions suitable for
molecule crystals to form in the drops in the array; and

20 detecting molecule crystal formation in the drops.

One method is for performing array microcrystallizations to determine suitable
crystallization conditions for a molecule, the method comprising:

forming a first array of microcrystallizations, each microcrystallization
comprising a drop comprising a mother liquor solution whose composition varies

25 within the array and a molecule to be crystallized, the drop having a volume of

less than 1 pL;

storing the first array of microcrystallizations under conditions suitable for
molecule crystals to form in the drops in the array;
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drops within a volune range of |ess than about 15 nL.
One nethod is for performng array

m crocrystallizations to determ ne suitable
crystallization conditions for a nolecule, the nethod
conprising: 5 formng an array of

m crocrystallizations, each mcrocrystallization
conprising a hangi ng drop conprising a nother |iquor
sol ut i onleigdremoleswg eryistal Gmatien mshevitops:n t he array

and a r | 1ized, the dr havi ng a

Sol ume. arint & shebafl iy YEhRrdhaiiyadids S,

gi cr Iocr yxlsibmlcfyswﬂiziaﬁmscmmﬁf ngCd! ldgfcblgﬁﬁsiﬁglbhﬁﬂioﬁlef tobe 1
nol ecu crystals to formin the drops.in the array;

an&nﬁ@ﬁlgégiaﬁgamﬂﬂéee&'lqeorcﬁoyglpa|wmé¢ FRIBRGSHIoN Y afipewithip ske

s OGP hied bia.ﬁe,dfcﬁlr o WY 3 the AL ¥ solutiorésblfsgd in the first array in

mcrocrystall'izations to determ ne sult
cr ydtich mpleaule orystatsnsiére idetasted;or a nol ecul e, t he net hod

conprisipg: formng an array of m.crocrystallizations
cach m CPOEECERN Ay Bhmidoctytallsaippindecconsiinps Hiae
COngHthéled\de aryBRtshe Forld B4R drdpd Mlth@Arase conposition
varies within the array and a nol ecul’e to be

cryst al [deteeting mplecele spystahiormgtien indlg diops.of | ess than 1

L; storing the array of mcrocrystallizations under
conditions suitable for nolecule crystals to formin

t hey, [ : . 20 detecti I I
10 R, I 08 1 EEAN0R0C One et hod 1 5 1 or

15

20

25

performng array mcrocrystallizations to determ ne
suitable crystallization conditions for a nolecul e,

t h@ptiendlbd theodrpp iisa sitingfdvepri ng a first array of

m crocrystal lizations, each m crocrystallization
conprising a drop conprising a nother |iquor solution

o 22 AP AR e Pt Ml e YRUEHE e L.

of less than 1 L; storing the first array of
m crocrystal | izations under conditions suitable for
o Qag @pparatuy &3 fr formung srbmirielitandrapsamen amay he arr ay;

i S e YRR P R RO

molecule, 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 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

volume range of less than about 25 nL.

Optionally, the mother liquor drop station and the molecule drop station are each
capable of delivering submicroliter volumes within a volume range of less than

about 20 nL.
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m crocrystallization conprising a drop conprising a

nol ecul e to be crystallized and a nother |iquor

sol uti on whose conposition varies within the 5 array

and i s based on one or nore nother |iquor solutions

used in the first array in which nolecule crystals

were detected; storing the second array of
n1crocrystalllzat|ons under conditions suitable for
nnl%l@lnéll)c thesmather tigudr drop Stathnw@ddlnmglepnletdw@ statienyare each

%E%%%tlee 81‘ (Hl]l eH?é]?uGogmgro%éf 8ﬁlﬁna J Wi t | oglrslrrpedtglﬁgeo%fr lF%}han
thabd\ﬁtcm nls a sitting drop Opt i onal l'y, drops forned

in the second array have a volune of less than 1 L
One apparatus is for formng submcroliter drops in an

arr.ay. crocr I|zt|ontodterm i tabl
o yERtionAS 36 i Heb el Abaeaish 450 16 pleEuEidecs Hpdon each
5 ap padladelS pie 2yl ctrsd vwve@r@écﬂéﬁdpdvawa whi ch a nul ti wel |
plate is positionable;. a nother |iquor drop station
capabl e of renoving nother liquor froma plurality of
wells of the nultiwell plate and delivering

SuISe PRI tiES NIdPARS SmictkjEBPeing dioes on epvar gips used in an

r e%%%l&&&ﬁﬁll%ﬂoh 't%@ét&lzmﬁﬁ?stuﬁgm E%Etgllléatro‘?ll &Fﬁing{% for a

range” of | eSs than about 25 ecu dr op
st analanlec thoabparato$ cataprisiner i ng submi croliter vol umes of
sol uti on.cont ai,ni,n ule tq.be E;ystallized

to the &® fF@éPdﬂEC ?WFWWQ oS PRYLPNAREe of | ess
1ot han ab Qlébvégéhﬁ btatl&p(t)d '@H@h b YlurdlRE o @YvBRIipd dr8 B@srltlcq{agle

station and the nol ecul e drop station are each
capabl e a@nothlglhqv@rdrmg statigrdapate of remowmgmﬂe@er/\]lqdw from a
vol | ess,..th uf .20. nL.. 48
! e ik BF PR P e R et ih st S b
st adtlen liquer teelplurality @B teveadipsieithiviarvohgnetahgs ¢ff 16dsi tharabout
volg S thin a volune range of |ess than about 15
2 gE ally, the nother liquor drop station and the

5 mD' ecul § niiQRIe:G &ﬁfbnec le of dEIfVeliHE SubfiBtb B PRIIG RS I G

val ve or a sol enoi
solution containing a molecule to be crystallized to the plurality of coverslips within

a volume range of less than about 25 nL.

Optionally, the mother liquor drop station and the molecule drop station are each
capable of delivering submicroliter volumes within a volume range of less than

20 about20 nL.

Optionally, the mother liquor drop station and the molecule drop station are each
capable of delivering submicroliter volumes within a volume range of less than

about 15 nL.

" Optionally, the mother liquor drop station and the molecule drop station are each

25  capable of delivering submicroliter volumes to at least four coverslips at a time.
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One apparatus is for formng subm croliter hanging
drops on cover slips used in an array

m crocrystallization to deternm ne suitable
crystallization conditions for a nolecule, the
apparatus conprising: a platformon which a multiwell
plate is positionable; 10 a cover slip station on
which a plurality of coverslips are positionable; a

notQuéionpllyy lag mgtheplianordiop atatierpar the wxblepderdudpritption atessach
| | .a . pl Lty of wel f th | tiwel] ..
) UL O A R | S T e

liquor to the plurality of coverslips within a vol une
range of less than about 25 nL; and 15 a nolecule

dr dnestpperiatys is fyy dduneing Sultheicioligeri dngpssiumiacmypl i t er

vol unes o

SOl ut | . .ai i .o | e. .
cr PR R e R R B Py e et i o

5VolmbTecule figCappharadt@Sdonigiiihgabout 25 nL. Optional 'y, the

mot her liquor drop station and the nol ecul e drop

st at i on a@atfasacen whigh andtivell gldts isaositignahleni crol i ter
vol umes Wi t.hin: 0,. about

20 ne - aibdeidhol Bt e sARdBarfl of EFR IR SR o =
t heluralitg ofiwelld bbtheshultivel piteaebddlivetapaltndcoliter volumes of

delivering submcraoliter, volunes within a volune range
of Dptler liqigpto sittigg dropsregions epthegpultiwgll plate Withimeyolume

[ NP abbn l,§e nol ecule drop station are
10 t %ﬁﬁ
eac f% ca&%&le of e’ﬁVering subm croliter volunes

15 Pl 4%

20

25

to at | eastledudeidropciaionlcapebladt deliverimg subdtciOfiter ¥ohimeg of a
the nmpt her |.iguor drop station and the npl ecyl e drop
st S0RBAn Srreaipters melegtls e be eryafiizod fa g SEUBRITOPSFEioks
VOB {Slufife rhR@SIf 18{sdhin 4RUEISHIPS at a time. One
apparatus is for formng submcroliter drops in an

array mcrocrystallization to determ ne suitable

crystalljzation conditions for a,Z 5 nolecule, the

apﬁ’ﬂlaf%}b, BPINER bigior dropisiation aRd Hie Mpleete drantationers cach
blesomfeﬁwéﬁr@mméroﬁtemfﬂnﬁ{es lvdil?iﬂpﬁ vELRR rEhdldf3s than

capabl e of renoving nother [iquor froma plurality o

wekbaut@d nlhe multiwel | plate and delivering

subm croliter. volumes of nother liquor to sitting

drop regions on the nultiwell plate within a vol une

Optionally, the mother liquor drop station and the molecule drop station are each
capable of delivering submicroliter volumes within a volume range of less than

about 15 nL.

Optionally, the mother liquor drop station and the molecule drop station are each
capable of delivering submicroliter volumes within a volume range of less than

about 10 nL.

One method is for forming submicroliter drops for use in an array
microcrystallization to determine suitable crystallization conditions for a

molecule, the method comprising:
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10 range of less than about 25 nL; and a nol ecul e drop
station capable of delivering submcroliter volunmes of
a solution containing a nolecule to be crystallized
to the sitting drop regions wthin a volunme range of

| ess than about 25 nL. Optionally, the nother |iquor
drop station and the nol ecule drop station are each

15 capabl e of delivering submicroliter volumes wthin
a vol unsehwie tof nlaghty afgisop weinns Withima volgpieirargs ¢fless
th ' i I

S U R S R A
VOolcumpesitibtidwany svithal theermagremed of | ess than about 15

nL. 20 Jdopally, the pother liquor drop station and
the nol %EV@H&@&%?E&@W Ogﬁwpersgms SURIANT figvolumes of a
HARAi 284 Wihih 2vYRhETEndeAdtd6ss

k
of less than about 10 nL. Oie nethod Is for formng
sulthdncabolit 22nldr ops for use in an array

m crocrystal.lizatjion to deternne i table }

crystall 5?1P8ﬁ0t@!3?@|umeoqﬁhef%\%l Croig"rm?r"é’&?ﬂ deliveged to each
me tdb@reg ANk i1k figin BA_.del i vering to a plurality of

drop regions within a volunme range of |less than

about. 25 nL submicroliter volunmes of nother |iquor

sol utjo sitions vary vvithlln the arra

o RHER D A S SUSRIET SpUFRS ety 4564 Hh S48 CERR B 18 fess than

joSubph@rBbigier volunes of a 5 solution containing a

20

nol ecul e to be crystallized within a volunme range of

| ess than about 25 nL; wherein a total volune of the
subm croliter volunes delivered to each drop region

i s OQpsienally; #lie submicropter yalaniey dekivaseds tobesich dodp region is less than
vol el.ivered to each drop region is less than 10
abSE&E§%@IﬁL Optionally, the submcroliter vol unes
delivered to each drop region is less than about 500
nL. Optionally, the submcroliter volunmes delivered to
eaClptidnd}y, thegiubmiérelitee sslutrigadelivered to each drop region is less than

about 250 nL.

Optionally, the submicroliter volumes delivered to each drop region is between
about 1 nL - 750 nL.

Optionally, the submicroliter volumes delivered to each drop region is between
about 1 nL - 500 nL.

Optionally, the submicroliter volumes delivered to each drop region between
about 1 nL - 250 nL.

Optionally, the submicroliter volumes delivered to each drop region is within a

volume range of less than about 20 nL.
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about 250 nL. 15 Optionally, the submi croliter volunes
delivered to each drop region is between about 1 nL -
750 nL. Optionally, the subnmicroliter volunes
delivered to each drop region is between about 1 nL -
500 nL. Optionally, the submicroliter volunes
delivered to each drop region between 20 about 1 nL -
250 nL. Optionally, the submicroliter volunes

delGntionally, tte alaricrlitgy vobuynesrdeliyengi ttheachadrop oégiom is within a
R TR T, o2 o, the

subm Cro I'ver'ed to each drop region is
within a volume range of |ess than about 15 nL. One
method is for form ng subm croliter hanging drops on
co\re sethpd i for forseng isubmicrczlitcdyangingrdmp%/m adver xhps‘ fonuse
to.determine suitaple.cr Lzat i con tians

F oin 3% RBPLBUTRSr P AL 2R e GO U e S g conditons

5Pl ybed moYeclfe, BRMAEHbH BSMpfigiARYI ng Mot her [iquor froma
plurality of wells of a nultirwell plate; delivering

subni cr étkingp plwklityed coverskips; not her |i quor to the

Phan- abstodae ARRETBE ol bl 8 e oF BARy et B

vol unes derwal@cﬁubmmahteow&mes 6ftha nitthe? digluer foGhe pRirality of
crystallized to the plurality of coversl | s W|th| n a
voicarashingyithigra yoluge rapgs of Jgss thanabopy 25
totw % f
o, Cg\%g\?@g n% psuIBS rélglgmt/ [lfﬁleﬁgfa{ sogvgrlldg :&%tgﬁhgé gcfutlé)to
f orbmcrbg;taellumdl torthd pluealityg iof tovegslghsopshif avolisxe ranganf less than
arr ocrystallization to deternine suitable
cr?@%&#yééulon conditions for a nolecule, the nethod

conpr i siireih abtA0vAuRY bf iReRLbmRyAtEr Wuniﬂéé &1R8red to each
plurality of regions, each region including a sitting

dr 6pverslip slessribaml wét | conpri sing a nother | quor
solution 20 whose conposition varies within the
regions of the multiwell plate;

15 One method is for forming submicroliter sitting drops for use in an array
microcrystallization to determine suitable crystallization conditions for a
molecule, the method comprising:

taking a multiwell plate comprising a plurality of regions, each region
including a sitting drop region and a well comprising a mother liquor solution

20  whose composition varies within the regions of the multiwell plate;

| delivering submicroliter volumes of the mother liquor solutions from
the wells to the sitting drop regions within a volume range of less than about
25 nL; and
delivering submicroliter volumes of a solution containing a molecule to

25  be crystallized to the 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.
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delivering submcroliter volunmes of the nother |iquor
solutions from the wells to the sitting drop regions
within a volune range of |ess than about 25 nL; and
delivering submcroliter volunmes of a solution
containing a nolecule to 25 be crystallized to the
sitting drop regions within a volune range of |ess
than about 25 nL; wherein a total volunme of the
sulsHMMS| j t er vol unes delivered to each sitting drop
region is less than 1 L. 52 CLAIMS 1. An apparatus

f or. set tAmgppdfatey 8 blihg GRtiyoall ARG EXPRAkRNBUIRPriSingd:
not her Ilquor drop station that renoves nother Ilquor

froma plu wells of a multiwel| plate and
del i ver énog{mrh%lpb Topestatipy |tfeméen%\fesmtherhqupaﬂem g pJuraligy of

e"ﬂk ioﬂf ltl\%li BleSil. dgﬁ%? dgrlﬁﬁte?%lhﬂl% 3?&8&1}3} {@uor to

nn ecu drop station th FVers subm ¢ro
5volapheslityfof dlf&nérm drapregoos atathm sage Aamephrec ul e t o be
crystallized to the drop regions 2. An apparatus
accordln

cont1 gur BBl Rafin RN oPEpRERFET fefwaqf.agﬂlutwn

ex Deﬁtmlﬂiﬁigtasmelécﬁlb @o BribiykstatllZed Ipd ke @Sop k@ioks. AN
apparatus according to claim1, wherein the apparatus

is_configured to set . up sitti ng drop crystallization
exper i méYt PP YSRSCHRdINgG testaimy, dherein the appargiys iy eanfigured

ac sy %aﬁgsa %hf’%er}ﬁam’e [l & fﬂ‘ﬁerﬂ& OR LR Rl &tes.

cover m cr i ter hanging s are

f or med, the apparatus further conprising a pI atform
100n 3whi cineappatatisestordpigap elaim 1p wieteimtlnalapparam&b @nfigured

coyer .15 stat | ich. a .of

coubtes P stind a3ty Piiona oo o i hiBoh plass,

station and the nolecule drop station delivering

sulm cr @n dpparanal dcomdirigto cldi@ 10 vbpredothe Idr& tegions are ddver

appar at us accord ng.tqQq claim1l1, wherein the drop

r eV Whigh évtermcfélterd}aa@ns dpe A% fprmed, e Appefeius further

Pl @Mprighy 8 plafiBrR BRWHHSmARGRIIGIAE jd SositibhaBiae

cl g‘lt) e 1 % PWher ein tlﬁ{e ar|cr)lpar at SP 1Julr90 ﬂer aco,n%ﬂr%fl‘ascéosveg

15 pl alipsthberdomyhshat ploralityosf doverslipsare ppsitiosdbld, yheahiother liquor
ld%olpmé?allt{on 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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pl ates, and a crystallization setup station to which
the multiwell plates are transferred in an automated
manner, the crystallization setup station conprising
the nother liquor drop station and the nol ecul e drop
station. 53 7. An apparatus according to any one of
clains 1-6, wherein the nother |iquor drop station
renoves nother liquor fromat |east four wells of the
nu 17t i welAn gipatatussccofigngstamany tneref c18imsAlr6 aphereiatthe mother

ordi t o .any one of -7, erein the t her
5 it a8 Yerboviss Foufis halSr B WRFLBb e Ion e
| eqgdlti®eyblatd@thesshe tide. Mul tiwel | plate at the sane
tinme. 9. apparatus according to any one of clains
1-7, wherein the nother |liquor drop station delivers
motther IATRRAArate accordingsto any gpe af epimselyi owhergin themother

ereln the not

5§?2§#§* {F_B;} ’st]a\%ﬁr]r Pemd¥2s ‘?&Rﬁﬁ&f}{%@ér ﬁﬁl ht ijéaEk%r %lﬁ Va4 oPfie Of

20

25

cI ai s
t o ligoomdrop kadoh delivedpmottiet lguorao udbmlghad@@ regiohestshe
than about 15 nanoliters. 14. An apparatus according
tosﬁﬁ9“8We of clains 1-10, wherein the apparatus is
configured to form nol ecul e drops havi ng a vol une of

| e93. t hayh fpatrktus/®Cord lah{ 8h& of ABimkOL-1 A\ WIRRER R Mfparatus
accordi ng to any one of clains 1-10, wher'ei n_t he

ap peeanfigyreditg f@@hmogqqnl@dirm wighimarvelwee faagelpblsss thaw Rbeyt

sa \églngga]tglfs. | ess than about 500

quor p station

delmuigwsll pbtdatrthé saqueotimeo at | east ei ght drop regions
at the sane tine. 11. An apparatus according to any

one, of cl ai ns erein the ar S . iS.

oo% ¢ gurithabris oG8y rg pLORR-1 wherBin g mother
r amﬂ@oxocirob 8tasioh daliveadRdther iguoto ARt 'félﬁr(ﬁop fegion8At the
apparatus according to any one of clains 1-10, wherein

t heamppareatus is configured to form nol ecul e drops
vvithi n a volume range of |ess than about 20

']6' ' t?{rﬁ??pjcl%ﬁ SR t%taﬂg oﬁg P&gll owﬁé}glflqgﬁrrngt er

erelrn e appara is con

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
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.

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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nanoliters. 54 16. An apparatus according to any one

of clains 1-10, wherein the apparatus 1is configured

to form nol ecul e drops having a volume of |ess than
about 250 nanoliters. 17. An apparatus according to
any one of clainms 1-10, wherein the apparatus 5 is
configured to form nol ecul e drops havi ng a vol une of

bet ween about 1 nanoliter and 750 nanoliters. 18. An
app&r at U1 2pRPetAtE asgordingdn ynyere offclaiingil i), whegin thin epreiratus

haot SRRSO RE et ol e VoM PRk et B3 350

namaholiterss. 10 19. An apparatus according to any one
of clains 1-10, wherein the apparatus is configured

to formpol ecul e drops having a vol unme of between
abddt 1 AThERpIaNSACCoHess amhesoificlaiing 1-19pwhegsin the apparatus

, o : ) :
sap F?@&ﬂltﬁ%gx;eﬁqis 8drfll MBIk Qe ARpsHAGinga I%géﬂ%it‘é”gﬂ} e\é%glf g1 n

t he not I quor drop station~an rop
st aphaiterandl S0maholitersa pi ezoel ectric 15 valve or a
sol enoi d val ve. 21. An apparatus according to any one

of ¢l ai - in.the a tus. .further

corfr s patue oGl b U GRRTCRRS ybl helEin e spvarans
motidenfigingd a6 fatropolesiilaldias hanig ABlofGhe 6f BHtRBerSARMut PN

to set. up han%i ng drop crystallization experinents on

t h@apgliten and| 300 magelisrs. 20 22, An apparatus according to
any one of clainms 1-20, wherein the apparatus further

10CONPri seg %Qﬁﬁﬁ%c@&gi{ng% an %{.r?g)f%%?ﬁés PHEr ﬁh&%inttn@apparatus

mot her |iquor drop tio cul e drop station
t o is@nfigpred ite farmgmdieoge drops thaving zatoiwme ofbapeeématous] on

t he lLtiwel]..pl ates. 23. An apparatus according to
an?a%rgigeroq\ﬁ%ésginﬁﬁdf-eﬁo, wherein the 25 apparatus
further conprises a nechanismthat identifies a device
i dent i f iAsedpparatusciederding tb lagy b 6f slginls 191 Btveherdih tRdmother
appar atdus accor di nt% to claim23, wherein the apparatus
f utdRedrop station and the molecule drop station each include a piezoelectric

15  valve or a solenoid valve.

21.  Anapparatus 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.  Anapparatus 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.

55



5

10

15

20

25

conprises process control logic that uses the
identified device identification code to update an

el ectronic record regardi ng one or nore
characteristics of the multiwell plate. 5 25. An
apparatus according to claim 23, wherein the apparatus
further conprises process control |ogic that uses the
identified device identification code to update an

el @4t r onfAo apparaiud ageogding itmelainh 85, wihesgin the apparatuselyirtber
oMM b B o S AR g RS R A on
t heodet qualatecbemwmo@ai recotd eeghedihg ofle bitshofatharaceaidacs of the
27. An a paratus according to any one of clainms 1-26,
whéndfiwell plateppar at us  further conprises a sensor that
detects whether the submcroliter volunes of nother

l'i gyor  a{ipafaldnkelcestding tb BRir Q@Rvﬁe@&h%apfﬁr%tus%her _
apparat us according to any one of clainms ., wherein

th @oappsasa:nwss ddtrol foghethatcusep thegéantidied davioe idehtification code

ects whether t.he supmcroliter oI ums of . nolecule
solt?,lflp%’ﬁe Ay eleHzeTiG & EegaIE‘Hléi e P%Sg?TS gmedon thﬁmulltlwe”

appatat us according to any one of clains 1-26, wherein
the apparatus further conprises a sensor that detects
whet her the subm croljter vol unes of ther |i

ar @0del iARIRPETAY acHIdmeAp clay L dr¥hessin ﬂarem%xaglswﬂbetné«?ntlﬁes
LN e PG RNBA RS PEodéql B BESoE rgfbeCul € sol uti on are

del'i ver to t rop regions. An appar at us
according to any one of cI ains 1-29, wherein said

nol2dcul Arbappatptey acsomling wedy iose af chaionsohB6 oehsrein tBd apparatus

P R e irenepre by ke uther e Bpuafi JiRSof

An ARG I RfudP arR @eRVEled & the dedpyrepidas. Of cl ains 1- 29,
wherei n the nol ecul e belng crystallized has a

nmol ecul ar wei ght of %&}1 east 500 daltohg 56 33
8-§rat %RP@&%W?@O

S a ffgrthé'i‘QBﬁi Akdss JeHgdrriﬁ%{t r»{'}%ﬂﬁ:r 'ff?e@ﬁ%n{l&ﬁllter volumes of
r or e

acting a crystal . An apparat us
ac amlebuhgsdlmcmwe dekvaréd ol the dmple@ﬁns wherein said
apparatus further conprises neans for solving the
nol Scul structure

further comprises a sensor that detects whether the submicroliter volumes of
mother liquor are delivered to the drop regions and detects whether the

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.

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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5 by x-ray diffraction of a crystal formed. 35. The
nmet hod of using an apparatus according to any of
claims 1-32 to perform an autonmated nethod for
setting up crystallization experinments on a nultiwell
pl ate conprising in any order: automated delivery of
subm croliter volunes of nother |iquor to drop 10
regions of the nultiwell plate such that submicroliter
vol3dnes Mt @Praeatsaccaylingto anylope pf elaigns F-82.ewherginspid

| _ rdngpid
B g e Bk o R SrRbub AT B,

solution containing a nolecule to be crystallized to
t hé4dr opArr gpaatss azcotdime towany ione bf clpinast B32,36herdinsaid

o apiads 5900 o riSRARe P 5 B ik e i lructur

5Setblyixagy et st of 4 £y dhl RBmexperinents on a mul tiwel |

plate conprising in any order: transferring a

plurality of nultiwell plates in an automated nmanner
to3a crijstmpthod afiusingsan eppasatasiageerdingitof ary eficlaims 1-32
mul t i I S r . cryst.allization .
et peEbkm R o b ARG Tt SubiNE uPlorSh P BPrrments
volounemultiweldplete coimpuBing & ahiyogrder.egi ons of the
multiwell plate such that submcroliter volunes are
delivered to ltiple djfferent drop regions_ of the
mul ti vvela}‘tomaé?cg&]eé‘tve Y sy f?litﬁreV,Oq‘é!HEP o ligpor to drop
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contai ni ngf a nolecule to be crystallized to rop
r egiudtiple ditterens drapi reginns of the arultiwgbplB’ 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
perform an automated method for setting 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,

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.
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