. ; e3edTH6Td$ METHODS AND APPARATUS FOR PERFORM NG ARRAY

M CROCRYSTALLI ZATI ONS BACKGROUND OF THE I NVENTION 5 Field m‘lmmmmwmﬂmmmy on
The present invention relates to nmethods and apparat uses f i ng
nol ecul es and, nore particularly, to nethods and apparat uses f @gyautonmating

the crystallization I f ronol ecul es such 10 as
proteins. Descripti o%mpgiﬁﬁﬁi@%égmm@ ARBA YO

genomi cs has provi ded expl osi velhyiGROVRE gﬁlﬁzﬁ‘ﬁ informati on on genes
of human and ot her organi snms by mappl ng, ﬁ sequenci and anal yzing their
genones. Many genes that may be critical for identifying people predi sposed
to certain diseases such _as cancer have been di scovered and their

bi ol ogi cal functBARKGROUNPOF IHEINVENERIQNt r 0 and/or in vivo. Recently,
‘a new area of. genom cs, functional genom cs, has been devel oped, which

i nvol ves a geénone wi de anal ysis of gene function by using 20 information

and reagents frqmid tRENRERGoNal Ysis and expressing the genes in various

organi snms such as yeast. Functilonal genom cs has generated inportant

i nformation regar di ngThdygresenp irneatiomrepaes tomrethdds@ad appdeatusssifog hi gh

t hr oughput screening_ techni ques such as DNA oligonucleotide chips for

speci fic genes o¥Yy anelpeulesands SEF?BP}‘B?UINV,&]H@M&M #RpagAtusep et wor k

mmr omol oul s i TR RERF ofsifteBoR of HEISHRE batte b e RhmP BT 1ot e
by using effjpci %tpr&@ﬁﬁ.eni ng nmet hods such as the yeast hybrid systens. One

of the ultimte godals of these genone projects is the devel opnent of.
ef fi caci ous therapeutics against protein's expressed by di sease genes.

Among 3 0 vario met hods,. of, dr.ug, di scovery and devel opnent,

struct ure- based%ﬁéﬂ%ﬁ%@ﬂ-ﬁﬁas become one of the nost inportant
approaches, thanks t iodh FeYple] I ¥ ht 1S
wel | recogni zed t hat Olfjar%g{og?ég%gt?tr%q}éf @ﬁg&ﬁgpﬁﬂbtﬂ?%éﬁg?ﬁmﬁg%%
structure, of a daabasésrofimmformation orsgenes sf humarpdrndoothdr odganisnieisy mapping,

devel opnment in the | aboratory but also provides a well-defined target in
hi gh t hrougRput seAvRRcing-and analyzing their gepomes o Many genes thatgnalobssritirah et ysi s.
Solving high re { : (eI i fashi on
oresents o ) on Sty SpYEre sl oRieth dicelihs Buch BlLabill o Bl

devel oprment . Hi gisdoveRl uhd eieisbiblogicl RmcidnsHa0é BechsassussedSinlviteslat/orinr ay

crystall ography, and nore recently by using nulti-dinensional NVR 10
spectroscopy on MivayhRédentlyl ange areaof genonties, funetipnal gepomics, hag begn pept i des.
Various nethods for, X-ray .crystallography have heen_.devel oped,, i ncl udi ng
the free int erfé%&@?id@%h%ﬁ?ﬁ&%fg‘ﬁpé%mﬁgsﬁof anegéfQ?u%l%gsug ochem
Bi ophys. 1550533nR3%0s feaBbdth Hoife bEndrile ahAPHS Rt Slpréssink g hed iy :
met hod (l\/t:P%grson, A ngﬂ%gchaggﬁeparatfgn and Angfailsi S (?Tr Prgt ei% g)rystal S,
15 John ‘W ey andridas organism¥sukh appeds? -Frinélionahpehdmicgihad pherated impéidait| ey,

K. ( 1940) Nature 145:934-935). Presently, the hanging drop, nefhod is the
most commonl y usefPrietiag irerrng the AXAEFSHAR PR eESﬁ“&F gm@s Bigh throgghpt

sol ution, especi . : i | §: RYP ai ni ng
a protein sol ut i%#%@%%ﬁ@cf gﬁcgg%%gg&ra%ggﬁi&gﬁgr‘%l pssg'%rgsr gﬁggkfﬁé&a% seal ed
chanber whi ch cdijphidessity mirefcartags. Awiunberstahdiff of the @itk bl interactivns
precipitating agent. Over time, the solution in the droplet equilibrates
with the reddrvadietwpsn aiprotein expresied &y ataget gene end other maerpmelecules it digy
.slowy increasing.th oncentrati.on of the protein and precipitating agent
W thin the. dr opl GEL S AP ERBEFxpRRP AL b nerrotedBnfd B bf hipg R fiient idediy
crystallization 143t hybid sh§temess of growing crystals with
high diffracti on&gﬁgpf %J}ﬁlagmt?élfréé coynsurflpng and invol ves trial-and-error
experi ment ati ons on nOhe bfthe uitnatei 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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vari abl es such as pH, tenperature, ionic strength, and specific
concentrations of salts, organic additives, and detergents. In addition,
t he amount of highly 30 purified protein is usually limted,

mul ti-di mensional trials on these solution conditions is unrealistic,

| abor - i nt ensi veapidly asyanding cémputatiéretechniquesaieid welyetaghivedthapn syst ens
have been devel oged based .on the hangi ng drop net hods, for exanple Cox,
M J. and Weber UBf g’e‘gﬁé‘l%&?}m‘&pg&e‘ glonglstrygire gha prdeis nokonly. et

al . (1988) J. - ' . exi sts for inproved

aut omated cr ys%ﬁ%iﬁE gﬂaﬁ%’ﬂﬂs&%g g?rgs?gxf %&%ﬁgﬁgﬁﬁgplgﬁﬁe ia:bﬁéq,to @#%#BI ecul es.
SUMVARY. OF THE proWiEH @l-Befined aeg0in high Eitbighput Bhil @fechthgbyRiifipd for
perform ng array 10 m crocrystallizations to determ ne suitadble

crystal | i zabi osomputerwidedslorking anglysiscul e. The nol ecul e may be a nol ecul e
ructure is needed., Determ hi gh-resol ution

f whi ch - tal.st i
sﬂuct :J(r:esagfxn:)?gcﬁol@nggu@rﬁf‘ PO BTGB ER © %?WWSE;&E’%F&@‘B% of the

present invent if&g’" Setdis fdide f SRIE e nol ecul e
to be crystalize (rﬁrglé}eal SO %J a%cl’gﬁrm kgéﬁp%éjg%vﬁ?éﬁﬂa cr 3%‘% gﬂ%i ne form of
the mol ecul e i fepelopiaent. High essalution strudtureByf povtelas areablvedity Xirgpt e a
crystalline formof a nmolecule or to identify new crystalline forns of a

nmol ecul e. | n semstallegraphy cand merewrecsntly by pipg maltirdimensional M¥Ra nol ecul e nay
have nore bjoactiyve, dissal.ve fast deco se |less readily, and/or be
easier to g ri 159?"\{“26”?9@0’1?#85@@6@“@‘ W&F@"r@a{éf?n TP GRS %é??@d%such as a
protein but may al sabRudtdetods YHES-r8) cﬁ?@n&gsﬂ%tgﬁhﬂ&%eeiﬂaev%ée%m e

preferably has a nol ecul ar wei ght of "at "l eas 0 Dal t ons, e preferably
at | east 1000 Dalltding thedrechiotegiacsdiffusion nmathe(Sakmmei IR, (19THALRs may al so

be crystallized. ILn one enbod) t he me{.hod cqonprises; formng an array
of 25 m crocry%t’%ﬂ}!emz ?@Wé-, %@'%9 r\GeP iop;n thehanging oraittge dren op

e . . Conoh
composi t 1 on varigid SerheREachy fiogs) befaittart ARUNGS of PRHER GGl 00 than
1 uL; storifig ybter WilegingSoft] New Coris,tppl 82- 121 Aidsligiiid efal e @dilepg. sui t abl e

for nol ecul e crf/stals to formin the drops in the array; and detecting
mol ecul e cryst 81940pNature dh5:9334-0B%). 30 drops. 3 I n one variation, the

nmet hod conprises: farmn rra f mgracrystallizations, each
m crocr ys{rgl : ?_z:tti og’r_ ?&’?@q %dlgg}/g\épp qeﬂf’ﬁdﬁl Sg“’%“l?éﬂ"i’é?’%i“ﬁ?ﬁﬁ’i‘wg’&ﬁuti on
whose conposi t kgpprawngGfactbmbletulab Gy lls;Bebén ?élﬁtei%r%g%écgﬂ awrh&ﬁéiﬂd' ng a drop

containing the nol ecul’e to be crysta g a vol une of

| ess than 1 uLgrystats: iGenerdily, adrapjet containinga prosdin sdlutiah iospotted dan coeadi ti ons
mol. ecul e crystals t rmin the drops in the array; and

suitable f ! . .
det ecti ng ﬁ)l eShR an¢suspended an 2 sealedshamber whichcgptains areserypl avith higher on,

th t hod i o i . 1: J li.zat i h
i or oer yat al 11 SRARedd S Bridp Bt bt Ovef el flekBhfoh ik Hd EBBIgy o7
sol uti on whosee@silibatestwiththe dsepoinByt diffisihf Vatdrvapor RO tAe BRMERES! | P

including a drop containing the nolecule to be crystallized, the drop
havi ng a vol unthergby|séasslytineraasing the conasniratipn ¢fghe pratginand precipitating

m crocrystallizations.und onditions suitable for.nmpl ecule crystals to
formin the dr 38 a’f‘%@cﬁ‘?pﬁ%w %i‘F@éﬁ%ﬂalwe&'em%%wa lizatiomt i on in
the drops.25  ofthe protein.

The process of growing crystals with high diffraction quality is time-

consuming and involves trial-and-error experimentations on 'mult.iple solution
variables such as pH, temperature, ionic strength, and specific concentrations of
salts, organic additives, and detergents. In addition, the amount of highly

30  purified protein is usually limited, multi-dimensional trials on these solution

conditions is unrealistic, labor-intensive and costly.



15 I'n yet another variation, the nethod conprises: .formng an array of

m crocrystallizations, each mcrocrystallizatioa conprising a well

i ncluding a nother |iquor solution whose conposition varies within the
array, and sitting drop region including a drop containing the nolecule to

be crystallized, the drop having a volune of less than 1 ulL; storing the
array of mcrocrystal ?%?lftgﬁgtegerygﬁﬁgatx%ﬁxﬁtqmgagve FR deyelopedrbaged e ul e
crystals to for Fpang{ﬁg At ‘ ) l.e.crystal
formation in thgﬁé rops. %égg}%éqoﬁgsj t?ge)%#ﬁpogﬂg'gg%@g}e#ﬁg#&sffd{éﬂgjvol une
of the drop contApphiQwyst De:366)ad Wad K. Beetal \3988)Ji £oftl HrbeRsod.Ag4. about 1
uL, preferably | ess than about 750 nL, nore preferably |ess than about 500
nL, and nost 253pPeActagdeyisisdosimmayedzatarnated orysiallizatiom systenas foapratsinst he
drop volune s be%\/\%%n 1 nL and, 1000 nL, preferably between 1 nL - 750 nL,
more pref er abl y BRPHELMAOMOIeCUlesn ") ore preferably between 1 nL - 250
nL, and nost preferably between 10 nL - 250 nL. The present invention also
relates to plates for performng array 30 mcrocrystallizations to

determ ne suitable crystallizSUMMARNJOFIKHE INVENTIONecul e. According to

one enbodi nent, the plate conprises an array of at 4 | east 36 wells for
hol ding a not her |iquor solution, each well having a reservoir vol unme of

| ess than about 500 | 4 ul.. nmore preferably
| ess than about 300 ﬁb"é’g{ﬁ‘g{‘%% Feggt?s‘efsoghaﬁﬁgﬁag%r&?%ﬁﬁigﬁfmyl?anges of

vel | vol umesgt hadic/dBystaflizdfies tb Aeterfife stitibl@ b sRNizatibAtéfBid M BPaULl 5 500
uL and 25 uL - 300 uL. In one variation, the plate is designed to performa

hangi ng drop cr ymieduld. ZEte ooleculeimay be laamolecule foriwhich ame-ray efystal strassiegned
to performa sittin r crystallizatian and include t her, i quor well
as well as an a# %681‘-@ ﬁ?‘f"ﬂ"ﬁﬁ‘gg’ﬂ@ﬁ“\ﬁﬂw?n W%‘i‘éggwpchﬁkggt’ iagﬁg]é'l S0

relates to vari giis,aRRPhRindd S Rihd 8idbfte brdedtiiNEntibRohd BE niiiBs used 1N
an array mcrocryst l1Tzation to eterm ne ui tabl e crysta I zatl on
condi tions for acceidrate diheg devalopmenteifhednolteaile td becrystalizedimigy aleopeiases: a

platformon which a nultiwell plate is-positionable; a npther |iquor drop

station caphbl emefeculefoy Maishasrydalling ofithe;moleculs ip negded; For example) s of

the nultiwell p Lverl ] ite ot her | i quor
to drop regi onsltg!trlla%t %&ﬁ%lk é%&F%F%%@%#‘a&\%ﬁ%‘%@? 3*2%’@'@@“6&?%” t han
about 25 nL; angrystalleS6tthEofd Boleaiiat I@@nﬁ@@ﬁh&s?ﬁmﬂ&hhﬁ/&?hﬂﬂiﬂc forms
subm croliter .volunes of a solution containing a nolecule to be

crystallized toofamolicule maghayesnare bivactive, dissolot fastery decgmpose lessseaditgn

about 25 nL. In apother enbodi npent the apparatus is designed for preparing
submicroliter h%‘?fg?‘hlbe?frsﬁbéoﬂﬁlﬁover slips used in an array

mi crocryst a?d i zati onqpg %I&H%ﬁé ﬁvfe%éalﬂ? BRhabigiecleRhdt 4L ﬁﬁ%?@%ﬁgy a

multiwell plate is positiona 5 a“cover slip station
plurality of coules béotirr types pfxaadromokblles. Themiofeenlel preferablyhaym st ati on

capabl e of renoving nother liquor froma plurality of wells of the
mul tivel | pl at eMHRGULAE Weight pfé leash pQ Paltonse moge, preEasably at leastHOPO Daliwas, t o

the plural ity ofieQph'sialiBmilebih WighThiiLEuee AYG alb tetoskediliot.

In one embodiment, the 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.



about 25 nL; and a nol ecul e drop station capable of delivering

subm croliter volunes of a solution containing a nolecule to be
crystallized to the plurality of coverslips within a volunme range of |ess
than about 25 nL. In yet another enbodi ment the apparatus is designed for
‘preparing 5 . subm dncinervariaden,ttheymethod pompsises:ifarning an pergy of
mcrocrystallization, tihe apparatus. conpri.sing: a platformon Lch a

nul tiwell plat émfzgoc&w%thc!g% eea,cilglmcgpg}alﬁﬁﬁ%&cogpgﬁmgtaa\ﬁlgwcﬁg% e of
removi ng ot hemydihURqudr'sBRtdn WHYsE totpositioN Phrics Withih e L pl ate and
del i ver.ing subr%lcrol I ter volunes of 10¥rmt her liquor to %];Hg%%%{ogns on the
mul tiwel | pl at eegibh imcluding aldroe comanimegrthe medeculdrarbeadvyntallizéd, the drapd a

nol ecul e drop station capabl E@Of del i vering submcrqgliter volunmes of a

sol ution codt aihaving avolsme of less thanbuky srenng thearmyiof migrochistalizaignons

wi thin a vol une_r.ange ©of ) di.ng. : ny_of the
above enbodi mer’l’Pg?r th;{sﬁgﬁat}llg g(%olﬁgfg#%ls %&sz%‘? Bﬁgﬁ ?jﬁ g{? edr?rgﬁ @35? rop
station are ea%ﬂ?ﬁ@%ﬁh@nﬁledﬁﬁérg%i foematibiirctheldrdr  vol unes within a

vol une range o ess than about 20 nL, nore preferably I ess than 15 nL,. and
nost pref erabl y | esdntanathet Qanidtionptheanetbod cornprsasofommngxn artay afbove '
enbodi nents, a sensor mpy be 20 jncluded in the apparatus for preparing
submicrol i ter dRISIRSTYHRIERALIONSFKACR BETOGE, teBR “F'inél?d?’elglnﬁg’é / or

mol ecul e drQps . ' - t] and the
nol ecul e d|1 p ﬁ@%ﬁ@é%&gﬁ g‘fhé’%]g“gg‘?:ﬁ&?%{ééég%ﬁ%’é%{‘ ?’%a@% abl'e” of
del i vering submogérelip irtiludigg 8 desp éontdhingehs moleule todeerytillizedathealrdp e,

nore preferably at |east ei@ght coverslips at a tine. 25 The present
i nvention al so havingtaseolume 9k ldss thanf louL s sserims, theamairiof microcwystallizefiens or use

in an array mcrqcrystallizati.on.to deternne,suitable crystalljzation
condi tions for “38%‘%10@9&@.5 Sw&bg? qur{gglpgﬁg ﬁ@'%@oﬁoﬂﬁm t,hetcﬁgpsrfgtt‘%ﬂray,

i ncludes: renoyj i | Q10L tF%hﬁ Hiahd f wells of a nultiwell

" plate; deli ver?éﬁgag%g{rlnﬂ?yﬁter, rgf‘(.) urresaeéé ﬁ\‘.ﬁéb%o her 1iquor to drop 30
regi ons of 1§he mnul t ilngjet agdthdrevaviation, thametiodroemprisge farinihg as atrhyaof about 25
nL; and delivering subnmcroliter vaolunmes of a solution containing a

mol ecul e to be ngcrocgysjaltizations.ceach micrerygtablizationcomprising arveelhipelidinga pl ate

ithin a vol [ f . : whar el (o] ol ume of
\che !subm' \érori ?ﬂé\}gf%l%égl’@gﬁ?v ?g%%éc roeﬁﬁ‘,g?%h%"’?’sa&r %‘?&‘ﬁ‘ﬁ&ﬁ 1 uL.
Accordi ng to agaipReicHReRdiRM dropRentAB{ing the olebile fo boarystallized,tBe &rop

crystallization and includes: taking a plurality of coverslips; renoving
nmot her |iquor fhevinga yalumelof tegs dfanvicill;ssteringitheaimay wé micrpe tonsveri ng

3\#? m (r:]r gl {,é& L néghgrrz%sﬂd?tgonts Qﬁita'B?é ()e}rmélleaﬁg {:ryts&lg E)efoipnll ijnr glleldtrgpsoll;l tl?eogr?a{y?l ' ps

%

and detecting molecule crystal formation in the drops.

According to any of the above methods, the volume of the drop
containing the molecule to be crystallized is less than about 1 pL, preferably
less than about 750 nL., more preferably less than about 500 nL, and most

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



range of |ess than about 25 nL; and delivering submcroliter volunes of a
solution containing a nolecule to be crystallized to the plurality of
coverslips 10 within a volune range of |ess than about 25 nL; wherein a
total volune of the submicroliter volunes delivered to each coverslip is

| th 1 uL. i j .t d.is f

sietS tS i ngagr opucr b@%t&fﬁ%’%@ﬁogﬁogi%?%q% qb@%{ﬂnhgd%ﬁgﬁil Ovﬁg&fﬁr%rw&f)m a

plurality of webbrn®fofdesSithdn ajut 500 ALSpreflhbly Gdsh fiidn HOWF 400 QUL }'!f'd’re vol unes
Y

of the nother liquor to 15 sitting drop regions of the nmultiwé | at e

wi t hi n a vol uneprefergblydéss|tharsations 300G pbiand 2ptionallydesd thim dboar 2500uL.

submi croliter v%mes of ﬁ slol ution cont ai n(i.n? g rH;I ecul e to be
crystallized t oRepgesQfsihyplumenthatgiay be Wird inFinde, bpbats ot limitgdteo2S kbss t han
about 25 nL;z wh i tyat al _ . } | Lo nme livered
to each si tt5| ngg?i%% a?lgnggc}irjll'i géqggg I{?fﬁg%b%ﬁg@gbﬁkéc%? ?1%4#8 P§B‘§%&P t he
above net hod enhmgiﬁ%dt@,crymmm Iv@hother vdriatibe, the:platedis dbdigid ty ol umes
delivered is preferably |ess than about 750 nL, nore preferably |ess than
about 500 nL, aperforoea sittieg diopisrystallizationiand ingledes amggherliqupr well anweld t hat
t he drop vol unmes nay,.be as. . Sa I A 80 pL. The vol unes delivered
preferably rang® # §ittg dropaye L, nore preferably between 1 25 nL -
500 nL, more pref ef ki phaLIGRlerkiohlalso efibsth vardld apBEhruBlAb AR bet ween
10 nL - 250 nL. Accor H?g to any of the above apparatus and netho

enbodi ment s10 t heuphieeoleradrops used én an hrray mictetnystellieationstoglehmiretsujtatless t han
about 25 nL, nore preferably less than 20 nL, nore preferably | ess than 15
nL, and nost prWMWF%GW@B%“&@&HHFOIQ%.. The precision of the vol unes

delivered may also b : . hore preferably between
380pL and 2b nL, mrzngﬁéeﬁsg%%fnbg?%@%gcﬁﬁéﬁé 15 nL, and nost
preferably between 33(},1%@%&&,;3[&31&&%& plitSisYokitioghbler THE FI GURE 5

Figure 1 is a block diagramof a crystallization systemaccording to the
present invention. Fiageetherdiquor denprsiation capahie pbremaying rmpthgr iguor from a

crystallizatjon tem.of Figure 1 .to,perfor . pr.otei.n crystallization
Cr7al 2 10" M or piusley OF Setts of e Tadtepuise Sad udlREiRe PoniEroitr et ey
be used to perf oo oy drbthe BhAANAN YRteAkithia Alyoliine Fang@elbf 3B i's
o ol Segi b b "1 floeh 148601 %ﬁa@i |rehe BOMRCH gl ithin 3 yohiine tnge b8

il lustrates atolesythawabbutl5mll;tandel | pl ate which nay be used to performa
sitting drop array mcraocrystallization. 15 Figure 3D i, Si diavi ew of the

S
miltiwel | plate il udmmeeate dropistasianesapeble pf deliveringsybmigroltgyolumesiofgn of a
mul tiwell plate wth a bl.al ELagur ; il .vari ous
stations which ?:%Hr%& egl ﬂc?'ﬁeagﬁ}sﬁrcgler%t%ﬁgr |?S§#o glgl#%{eggog’?g‘?@}#gﬁ gure
4A is a si dryi e%mﬁle&aﬁga@ﬁeémﬁimlﬁmmn | ooki ng across a plate 20 track

posi tioned adjacent to the. plate_ |oading station. ]
In another embodiment the apparatus is designed for preparing

submicroliter hanging drops on cover slips used in an array rrﬁcrocrystallization,.
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
pluralify of wells of the muitiwell plate and delivering submicroliter volumes of
mother liquor to the plurality of coverslips within a volume range of less than

about 25 nL; and



Figure 4B is a sideview of a plate | oading station |ooking along the

| ongi tudinal axis of the plate track. Figure 4Cis a sideview of a bar code
readi ng station for reading a bar code included on a nultiwell plate. 25
Figure 4D is a sideview of a sealing nediumstation for applying a sealing
medi umto an upper edgeoledulevddopstatiohicapable of delivetitg SwbrhicgilAtrevollthedba 4E i S
a sideview of a plate cover renoval tion for renoving a plate cover from

a multiwel | plaf@utieR (ARAINIE 3 @9'&&‘-%%3%9%@#@& theplymlityoet cowerslips y
station. 30 Figyre. 460, *agg%(gﬁgggﬁlggagﬁtgéﬁgy bl ock for delivery of a

not her |iquor into nultiwe 4H is a cross section of a

del i very bl ock for dﬁi'yét%mefexawmmﬁnhbhwn&rstdés?gnew'fémﬁtidng at es.
ank. |

Figure 41 is a sideview of a nother |iquor source storage b gure 4J
i s a sidevi éw ofutaissalitergéttipg drops eseddial anagray mjcmwernystaiizationgtherapparatusa
not her |iquor source.to a fluid injector. Figures 5A-5E illustrate the
various stati onSOMPYREcan be included in a drop formation system Figure

5A is a top view of far ' Aty Ei . js a sideview of

the drop formation s?gﬁ%@ow@fcggﬁheﬁé%wgﬁglgipgg\ﬁillstel\%ﬁg’f a pipette hol der.

Figure 5D is a sidevagvsthér lijuseidopGeaion casabltess refnogitigembthet Hqwordtaig i ew of

a well cover magazine for storing well covers to be positioned over the

wel s in a nult plusality of welds ofthg andéwelhplate and delivering: sulmicealitenvoddmesef dr op

formati on station. 1ziqgi ure 6A illustrate r.rrgti n statiorf] in the
a

.a,d f,
rest positich. POGT ggﬁoldF%’EegéﬂnéoPﬁlée@P@B‘%lué{l%t‘Y‘ tVRLBH FAREE R

multiwell plate d hfpto position for drop formation and a
pi pette hol der }ésggﬁloa\egga?t%\éﬁﬁgg?tion over the wash basin. Figure 6C

illustrates the pi pehigolénileidropgrvion capable ¢farlivering subaticlitd vohlmiesofel
wells in the multiwell plate. Figure 6D illustrates the pipette hol der
noved into posi §¢lBHomcantainiag agaelecwetabe ¢rypstallized to the deopsregians yéthinges t he

pi pette hol der {,&Lﬂlrero}gtgqetogl%\%l easb%gfff%.i on and a protein delivery pipette

noved into positTon ovel _ cov 25 Figure 6F illustrates the protein
del ivery pipgette novadcdrding tbafly bthe aBe¥d drhibutlimeAts ! the ntdtHér lidiek dedp | nverted

and noved into position over the colum of wells on the nultiwell "plate.
station and the molecule drop station are each capable of delivering
submicroliter volumes within a volume range of less than about 20 nL, more
preferably less than 15 nl, and most preferably less than 10 nL. |
Also according to any of the above embodiments, a sensor may be
20  included in the apparatus for preparing submicroliter drops which is
detects whether mother liquor drops and/or molecule dropé 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.
25 The present invention also relates to methods for 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
30  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



Figure 6G il lustrates hangi ng drops suspended fromwell covers over the

wells of a plate. 30 Figure 6H illustrates the cover holder noved into
position over a well cover storage conponent. 9 Figure 61 illustrates the
cover holder returned to its rest position. Figures 7A-7Gillustrate

operation of th%ry@izﬂﬁzé‘d%!mé&&?rééiéﬁé Stht ultRhel Rt Wiftn §VORe rahghse 7A
illustrates a drop formation station in the rest” position. 5. Figure 7B
illustrate the dessghdnmabout 29nLswhereina total lvolamedf thersbmiqrblitee valdmes ed t o
performa sitti .drop array. mcrocrystallization in position for drop
formation and a%gl‘b FE@Wﬁd’é?PFﬁB\‘F@dS'%ﬁ@aﬁdﬁlt-i on over the wash basin.

Figure 7C illustrates D1 Qldegn: ' Lt . a colum
of wells in the nult |'A\\/\(}§IBFHI%$ gﬁeﬁoﬁ% Sglrrﬁe&g%gﬁ #F%lgg?sgil%géh%%&e%@é’g in the
pi pette hol dgr aghysgilightiohtahd ifdude! lakingGi phivaligfof\eeVdrstipshremovilguibthef t he

plate. Figure 7E illustrates pipettes in the pipette holder aligned with
the sitting dropiquenfroms pltrality pEwells of amnitinel] plate; Hislipéringssubmiicraliter 7F

illustrates the ot ei elivery. pipette . nmoved d nto -positi.on 15 over the
sitting drop reﬁﬁﬂnﬁf&ﬁwﬁﬁ‘qﬁ?ﬁ%ﬁR}HWY‘@T“JWQV?@’?PW&HP@ _ | ust rat es
a sitting drop folJuegiid tﬁiheab?])hw% RO, Qi’doﬂelgéﬁhé’%lﬂﬁicx%li‘ﬁlvb%un@s%%e 8Ais a

sideview of a plate track wmth a pin extendi ng above the plate track froma
pin carriage posblitionedntainingpa maldvalenbdeerystaiiized t@ thefihgality fBoverslipssi devi ew
of a plate track with a pin of Figure 8A wi thdrawn beneath the plate track.
Fi gure 8C i $0a gvithinpaplume moge ghispoingn abod ap nl; WAGFRR ttgh vehume effhef pin
carriages. Figure 9.il} | £ . 804 r liquor

sol utions for aSﬂgmbcf%lftgﬁcggﬁgggé@gerég(}rgggﬁé ?{ggﬂﬁgessl%i Ami%gin | ustrate

formation of cryst al s\dorlhg {ather didBdintint ek eod fFonh sking 609 nL.
Figure 11 lists the nother Tiquor conpositions for 24 nother |iguors used

in the fine screerstallizagion@hd inclugest remaving mefher liquer frompe plgrality of wells of

a multiwell plafe; delivering submicroliter volumes of the mother liquor to

15  sitting 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 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.

20 According to any of the above method embodiments, the total volume of
the submicroliter volumes delivered is preferably less than about 750 nL, more
preferably less than about 500 nL, and most preferably less than about 250 nL..
It is noted that the drop volumes may be as small as 380 pL. The volumes
delivered preferably range between 1 nL - 750 nL,, more preferably between 1

25 L - 500 nL, more preferably between 1 nL - 250 nL, and most preferably
between 10nL -250nL.

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



DETAI LED DESCRI PTI ON The present invention relates to a nethod for
performng array mcrocrystallizations to determ ne suitable
crystallization conditions for a nolecule. The nolecule is preferably a

I | e, h in. f I I d
ot ol ecul es %&%ﬁ%@%&%&é&gf&?@&e&%@@?ﬁ%ag%%‘@Eqa%@mfenlamyemi on.
T i t ,
more pr of or abl y  hEPOROPL T ] Sy Fih Ok sHEARly Stk SETBL saont, £ 0"

i nvention can be applied to nolecules with | ower nolecular 10 wei ghts. The
met hod i nvol ves formng an array of mcrocrystallizations where each

m crocrystallization incl BREEDBSORIFHNONTHE FIGHRES e to be
crystallized and a nother .liquor solution whose conposition varies wthin
the array, fhe drop having a volunme of |ess than 1 uL. The array of 15

mcrocrystallizati orﬁﬁgegrgtaqﬁ&q ‘I?%ﬁéﬂ?g@%* A @DRion Sy sieh &cpfqin% gul e

crystals to formin't ops In [ecul e’crysta ron is
then detected ipledehicindémtih. As will be described herein, this method can be
enpl oyed in any crystallization nmethod involving drops, including, but not
limted to hanging drigyred jlusteates amethed forasingdhe srtalization sy stem
crystallization,.net hads. anple 20 sittin LqQp crystallization nethods
are provi ded iII:'@:“'gII t&gf%???ﬁﬁ‘@&ﬁ%%“{‘%{}%ﬁ%rson et al.) and U S. Pat
No. 5,419, 448 (Cartqfr%\ue/ém {InBedtbLtopEaY BE £t tiwBIP pRECHARN i)/ BEhde@n | S
the utilization of s | drop volunes. For exanple, the volung of the drop
cont ai ni ng t he topkrorm & hhngihg dropyastag inicerystallidatien. t han about 1 uL, .

preferably | ess than_ about 750 nL, more 25 preferably |ess, than about 500
nL, and nost pref er digyre38sis assidswie e owiniwgll plate iyarated ik igyee 3Ahe drop

vol une i s between 1 . . : - , hore
pref erably between ﬁ%&é%%@g%ﬂf%ﬁgpggﬁéﬁ%ﬁaﬁﬁ%‘é%ﬂk%TJI?CO% nL,
~and npbst prefertapéxyorlaeﬁ‘m@ﬁg&mehaynﬁﬁecﬂyktaluﬁaﬁbxk.cants bel i eve that the
rate of crystallization is dependent on the 30 drop volune where crystals

- form fastedSwhen sndiiguse 38 isp sidsvieneef the muitive]l plate dlustsased in Figrias3@l s can
be formed nore rapidly b sing the. .smaller  dr .vol unes used in the
present invention. %&eéﬁéﬁﬁc&?ﬁﬁﬁ o BI%IIE @?p%em%&}aﬁteﬁayerr ate of the
met hod for determ nig 114 i S0 std " Bej nd by
theory, it is beli egﬁig&g&gﬁ?@?gps vwsIdIt&ggmhIIIIII)‘I@I% gIsutagI H?ﬁan

| ar ger drops ambthérdiquohdeliverysystentrystals to formnore 5 rapidly. The rate

of equilibration is believed to be related to a relationship between the
rate of drop evapor JiSWA 44nis adidsyievorf Anlate leading, station lagking-acgossm platgp
evaporati og,i s n -dr . surface area of a drop
does not dggreé’%ggﬁ?%ggéﬁdsﬁdﬁfﬁﬁﬁ%g%‘rg%g"%ﬁ‘\?% U%IIE As a result, a larger

drop having twenty tRigae 4B a\sievitty 6ffa flateNeddigy stdtiGplooRing alodg tie vs. 50
nL) will 10 have significantly |less than twenty times the surface area of
the snmal | er drdengi@ginabaxisoftheplaiptraek.ume, one is able to inprove the

rel ati onshi p between..the rate of dro vapor ati Qn rface area dependent
and drop voIOuma, thg’ﬁ%‘ﬁﬁ4£€‘éé|S&I°éﬁ“ﬁWn‘8f%?PI%?&&“&I?‘%%I‘H&%@EVéﬂ‘&ﬁard'ii’?nati onI
A further adV""%&QﬁxcR{deH'&ﬁa%ﬁ’lﬁ%Il jfvention is that smaller drop 15

vol umes allow |l ess nolecule to be used to performeach crystallization
trial. As @5result, Rigwedd Bra sideviesy ofd sealiyg metliunz statiom forrapplydngan be
performed using the same anmount of nol ecule, This is of great significance
when it is difSPRlingtmediump A0 NPPeFEdgs P waIISedqfwe%nemslafFIlipi@a and when a

| arge number of cryst. [ [ ' ' r sfully
crystallize the nol %#5.4%8 aIg'IIIeiI,IégIII‘GIIrftsa‘l uetﬁfII‘g&g?‘II’PI”I:IuQEI&I“O@I)?C@Z‘II%ZE%nd
purify the nol g4tk €oveiffedn a multiwell plate. |

Figure 4F is a topview of a mother liquor delivery station.

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

liquor into multiwell plates.



crystallized. In the case of protein crystallization, it can require one to
two weeks of lab work to produce and purify enough protein to perform 48
crystallization trials using drops greater than 1 uL in size. By reducing
the drop volunme and hence the anmount of nol ecul e used.-per crystallization
trial, it 25 beconesg; ' b&@Honfd ; i FRIth&f
crystallization tri :ﬁlg&t%hagis?g&gzb%igpfdg??egg&yﬁsm?kreggE?lﬁk%ll Ppbecéhrrégs

f easi bl e to taliguar into e nownwelhplatesi al , shot gun approach to nol ecul e

crystallization trial,s sipnce the,pressure toq conserve nol ecul e usage is
reduced. By contrast,‘%‘i"i‘@ﬂ%%@‘ﬂ W of & gther; W@hﬁquéq'?%"rég?ﬁ%ti on of sub

mcroliter drop VO|lF‘§§ﬁr : | . 1 Ri.Mm . trials
that were perforned a 5rfgl$?§ge‘§€dg%?gggﬁ]§§$r gdr(r)&'Fﬁge{/al eaa%#g%r?mi@lﬁgé:rul e. 12
By reduci ngst -hqnqﬁqgnmﬁéumm §duecetoifid ddjedtbgr ocrystal i zati ons that can
be perfornmed in the array Is increased. The nunber of m'crog:ri/stal.l i zations
in the array is typiligutey S4rBaillustrate the vasioup statiensawhigh garebe includedin 96, nore
preferably grﬁ%&er than 144, nost preferably greater than 192. It is noted
that the 5 nunifPP EArMAtERSYSMt o] | i zations in the array can al so exceed 288
or 384. For exanpl e,Fi@ﬂreaé)ipﬁra%%ﬁe&})éf%B%Mﬂioﬁrﬁaﬁbﬁ. whi ch i ncl ude 480

m crocrystallizations™1s described herein. Increasing the nunber of

m crocrystal | i zat i orBigtuesiB isarsideviepeofitbe denp formation staticmy al so al | ows a

greater nunber of different, stock, sol utions tq be used to 10 formthe
mot her 1§ qudr sol ut i Higureneis ajsideyied ofa pipettaiglden anpl e, forming the array

of mcrocrystalli zat#ig_ﬂé SR aisilfék/i’é%of‘hsggﬂcg\?ﬁ%toﬁer.t han 48 stock sol utions
uo “In

to formthe nother | rsolut1ons use e array. Optionally, greater
than 96, nore prefergphm I8 B alsRlevieRedt alwdll coves magagine feristoting well esvérban 192
different stock solutions may be used. It is noted that the nunber of stock
sol utions can lto%egositiopad-exedttedeellsrin 3gmltiweH pigteinpl e, an appar at us

- described herein usegs, 480 different stock s tions._Snaller. vol unes of
not her |iquor nay aleé‘guﬁé6&édﬁ?ﬁﬁ%@ﬁ'@§?#ﬁg°93?ﬁé‘%&£%er | i quor
used in thgswel s ispBhRleA ARkiathESSrobTarmalintiatiRaQn the rebt Wisiici| v | ess

t han about 400 uL, nore preferably |eSs than about 300 uL and 20 optionally
| eas than about 250 FigureRihijlestraté theairop forimatjon statioh withs2 mhltiiwelbplatshagsed

i nclude, but are not limted to 25 uL - 500 uL and. 25 - 300 uL.. ] n this
regard, form nd’eFﬁél%’PfiéN°@PS‘W%%@F%WPF%?‘F‘&E‘P%?HI?—IHET ﬁd’émfetLﬁlr"H%ong t he
m crocrystal lizatjons. | .Including a plurality of wells each having
a volune | ess t@éh‘%gb°8}8?“’§d@sﬁfi;§s‘%r eferably | ess than about 400 uL, nore 25
preferably |ess thanpj 3R6tratés thd Pipetts holfer mivved inte bositen ovemmt her

liquor allows the wells in nultiwell plates to be made snaller, thereby-
al | owi ng m®0e veelliren pwels inobe multineell platea nul tiwel | plate per unit area.

For exanple, the 48 | | es hayin vol uge | . 500 uL
has approxi nat el y thﬁiegg’é?r@ ﬁ%’ﬁ?ﬁ??%ﬁ’pﬁé&f%\%ef P‘°§6‘q§’|“8$ égm%’g%iogrgﬁ?’%’& sed to
perform protei rhd%?’ﬁélééﬂ.i zation. Further reduction of the nother |iquor

vol umes may be enployed in order to further reduce plate sizes. 13 By
utilizing small dropFigotefBslustzates the pigettaholder ratemed to itsrestposition and a
crystallization trials,can be perforned. using the s anmount of nol ecul e.
As a result, itprotein delivery B‘P?‘EFp‘BQY?‘{ﬁ“FH POSIHQILQVEY aﬁYﬁiﬂ%’r"c{)f crystal lization

trials, whi in turg, ol i i w del y
varied in iﬁ; conpos?\glﬁ%)én@\q'hl S %ﬁ%&?ﬁ%ﬁ#ﬁ%ﬁﬁ%ﬁe(ﬁé}a@gﬁﬁ%ﬁpto be
formed of 1, 2,pckitich arfd th®ceVer hslder inoensd midimovddi into pousitioncoviee thevéclinnn t he

array. Al so according to this nethod, the array of mcrocrystallizations is
forned of one oof weltscomibemulidwell plate: es. Each plate preferably has at |east

24 well's, nore prefegabl te ] 6 . I east
45 wel 15, 10 By uti | TEURAT LSEREE nafefbiods sAptnRRTrofl sRIEAB At 1d
which all ows t hgefagEa platee Pl ate to contain nore wells. Also according to
this nethod, detecting crystal formation can include characterizing the
crystal for3fed (needFiguretltdlustrates the cower kalder mevedratogiosifion ovepavallhe
quality of the crystal's structure. Characterization of the crystal can be
15 performed nafRIF FYPragscoOMPOREti ng | nages of the drops and anal yzing t hose
~images for the structure of crystals contained within those drops. The

met hod can al so include identifying the conpositions of those nother |iquor
solutions in which crystals were detecteg and perform ng additional
crystallization trials where the fornul ation of the nother |iquor 20
solutions in which crystals were detected is further varied. Figure 1
illustrates a crystallization system 10 for performng a crystallization
trial. The crystallization system 10 can be divided into various




stations 12 described bel ow. During operation of the crystallization system
10, multiwell plates are positioned on a plate track 14. A transport
assenbly (not 25 shown) noves the nultiwell plates along the plate track 14
to the various stations 12. The crystallizati.on system 10 al so i ncludes a
processing unit 16 iﬁlmélmt%%mwwdaldmequ tp {8 reshpositien. st at i ons

12. Suitabl e process{ng unj for,_use with.the crystallizaLion stem 10
i ncl ude, but are not F}E%Fﬁstwé&d'%g%lﬁ eggerﬁﬁnan%%@f‘éﬂymhg?gﬁ?%?%e
processi ng uni tsiﬁ.@l id}gbydes process control logic for controlling the
operation of eac gt ation and the transport assenbly. 14  An operator can

use one or nore user Figure7Adlesirates a drop fermationtstatiodiis éhegasieoaitidhor to al ter
i nterfaces include, t are not

t he process control Logic, Suitabl ser . b
limited to Sonputer #ﬁﬁ’fﬁ @éﬁ%@‘ﬁ  formation station with apwsimed plate i ng

2 il 1 pl (CEBsARp HeitoAE psiag MR o0y AROBRAL h ESREH Molypny ©°

function. For ishafesand Bpipefty hblet inoRkd Rfto pusitiooké theGhsiiibsin pl ate
| oadi ng station 18 where nultiwell plates are sequentially |oaded onto the

plate track 14. The Figpse ZCliilusttatasrthspipetterhaldenimoved intd pabitiorovear code
readi ng station 20 where a bar code qn.the multiwell plates can be read.
The crystal | i zagalemnf syedlsin ‘j’fB“llt‘iW‘ﬁﬁé?tei ncl udes a sealing nmedi um station

22. The seal. ng nedi i &t\%fe € il ; &teal'gﬂ’&éf ﬁ“ jumto
t he nul tiwgllol pl at esg'{gé%éezllbfl?ca 37 e segﬁ r%% me |umag n etﬁ;glﬁlr(is%zj to
the upper edge REidnk@fiwlls@e# colunm ofthe platkef i ned in each multiwel |l plate.
The sealing nedium serves to forma seal between the upper edges of each
wel | and a wel | coveFiguonkillusirates pipettesiin e pipetts hgldepaligned; with theisiting s
posi tioned over,each well_ at. a |later station of the crystallization system
10. The crystalquQeﬁ?@Bﬂsgf;/‘gflésrﬁ“ﬁcoi 0?“&1{}6383 a plate cover renoval

station 24 where plag Yﬂlﬁ.lsﬁﬁt_eéﬂfé_ﬂefeiiﬂaél%rigip@fteﬁt%Wd/ﬁﬂogBé?ﬁbﬁ he
multiwell plates. . The crystallizati'on system’™0 al so i ncl udes a not her

| i quor del ilSer yovp tise sittingrdrap reghen ef arwel én the aplums ofiwellsiel i vered into the
wells defined in the_jul t] | plates.. Different ,nother .l quors can e
delivered into diffeFigye ﬁﬁlﬁestaﬁémggﬁé%mwwﬂwwg RFeeig8|%f der ed
into nore than Nold! wel | . Further, nother |iquor can be delivered into a
portion of the wel'ls on a single multiwell plate so the remaining wells are
enpty. 25 The.cryst aFiguf€8Aaa sideviem of plhtearack afitiepin@xtbhdingfabov@theon
station 28 where nother liquors fromthe various wells are used to formone
or more drops gMatg tyackfedm apineartiagepositionediheneathithe plate tigcleced over t he

wells. The drop fornation,gtati.gn .28 SQ_a .50l uti on.congai ning the
nol ecul e t(;(abe cryst 15“5% lst%S@ﬁ‘éw%'o({?l@rpgﬁeg%?ék&%eaﬁpgggl%ﬁﬁg ni ng not her
l'iquor and the 30nhimbmobeheaththdplatetiazkal | i zed are formed on the coverslips,
the coverslips are 15 positioned over each well such that the one or nore
drops hang from t he Eipnee 8Ciipa sideviewnf atedrisporTassembly bgyvinga plurality efiplmangi ng
drops. It is noted that the drop formation station can be readily adapted
to formsitti ngt2R[FS-in a sitting drop regions of a nultiwell plate by

del | . ther 5 — i : .
cgnlt \a/ueL: 28 tmrjle rergl ecE}@?%%%“%ﬁ@%%ﬁ%@?ﬂéﬁ@@% n Lfog?%l%ﬂb%%{ogﬁs. The

crystal | i zasi onpréfesfedBoafseateeni ncl udes a plate cover delivery station 29
where plate covers 44 can be positioned on each nultiwell plate. The

! . 2 well D ]
nul tiwel | plate can Figwmesl0A-18R{Hustrateiformation of ewysighs in differenterops $zed30
where the 10 nuLti |- pl an be renoved fromthe plate track 14 and
stored. Althou °T@%§%?¢iﬁ‘?‘gati on system 10 illustrated in Figure 1 has
the various stationspigirp9fiilis Wemotep HgTorcomptiltiond fata hbomekligubrs i t is
noted that the various stations 12 can be divided into one or nore
sub-systens, eauseddpthefint soredmostagepfia gyssaflizatierctrial.1t is further noted that -
many of the stations 12 15 nay optionally be included or excluded fromthe
crystalli za% on system 10. Further, the stations 12 can be positioned in a
sequence ot her than the sequence illustrated in Figure 1. For instance, the
pl ate cover renoval station 24 can be positioned before the bar code
reading station 20. Additionally, several of the described functions can be
carried out at a single station. For instance, a plate 20 cover delivery
station 29 can be fornmed integrally with yhe drop fornation station 28 or
the plate unloading station 30. The above stations 12 can be included in a
single system or can each be included in different independent sub-systens.
For instance, the tray |oading station, bar code readi ng station 20,
seal ing nedium station 22 and nother 25 |iquor delivery station 26 can be
included in a single nother liquor delivery system 31 while the drop

o, 4 ~ o o, o, 4 o o I N |




when a multiwel|l plate already containing nother |iquor reaches the nother
| i quor delivery station 26, the nother |iquor delivery station 26 can be
operated to not deliver nother liquors into the wells. After a

m crocrystal lization array has been prepared by processing a 5 multiwell
plate through a crystallization syg D SESERASIORE one illustrated in
Figure 1, drops in the mcrocryst'a"@zg%‘[%mrramh be observed for the
formation of crystals. Wen crystals are formed in a drop of a particul ar
well, the quality of crystals within the drop can be graded for various
characteristics such B¢ psesgpinventian rslatesitaa npeshodfoy perfarming anayl on. Waen t he

th i d 10 J ] dj t.. . (St al d
be. compar ad 1o iacmesHlEaRRRR e Gsrafbe phlable SRR c6idifoR PREThe oot

desirabl e cryst glglecué.CPRSIECHle i@gfégefasllyla rﬁﬁfrc;!rﬁ&eahﬁg,%u% hS £pRAdin.

crystallization experinment which producesS results i'ch can be conpared
with the result ©thér typésof molpatled dridzmadromotecples map alse be tfystallizedst al | i zat i on

trial includes conparing the results of several crystallization experinents
in order to optRREAINEHR heRFeRsEE VSRR M%ﬁ%ﬂ%&]&h%g@lw@

crystallization_of ' R el g 1 : hni que
for performng zﬁé&@s({?gf #els""??!to ?%ﬂ@%&?@#{)r@gr{fg&p@gﬂgeg%éelggﬁﬁjsaﬂégs:‘,?gp Ir’r"g%' at an
initial stage ofikRetddthatithe inveftich ¢ be applied Rrislealies with iower exqledularent s 20
associated wth the coarse screen are illustrated as a plurality of boxes

set out in threaevedghts.er ent arrays which are | abeled CS1, CS2 and CS3. In
each array two varialkles o he t her .liquor conpositi .are inerenentally
vari ed as shown al on HEetI?oé\H’HO{]T'%ﬁ ?@H%g%w chgsgagl&mgp? For
instance, in CS béﬁfdk?&d?dﬁ&%h@aiﬁiéﬁ§nﬁ'l&u&6tbftjér med where
the pHis vari e%a«?ffg?ﬁfrg%%&?ﬂn%@dl ntervals of 2 and the % (NH4)2SO4 i s

vari ed from 20- 8fystallizedtand\aahsthef ligibr sblution whesea¢dmpoaitionrvadgpwithinthes i n

the coarse screen are analyzed to sel ect one or e crystallization

experi ments whi éﬁayiféFéfQH@VH@s%V@P%tﬁbgss&aﬂliHﬂﬁth t% s form the best
crystal -1i ke precipit ‘ AR 8@{3 uci ng
a prom si ng%cryg’ﬁg{%c%;?s@}zya?to g’?a{e?ﬁogégpg%él}ﬁ?@?é I's |?I?S$sr?{ri§t€ g‘_gég agsda

bl ack box in Fi gyfsinPin the fps i therdragl Moélbaile pgsthbformatidnois thiémadetected in
crystallization eerri ments sel ected thr (_)'u%f;iét he course screen, 17 A fine

screen crystalli o5 Axpall bedascribed hereim thie methpd gas pg amplpysd in any
crystallization arr ased on, f he, not her |.i quar i Ldo . in a
I(; rystal I2i zat ![ (ﬁncﬁﬁf?zﬁﬁﬂ’?gﬁ?d%ﬁvgh’ﬁ&@aﬁHnaﬁ?%o%ﬁggtﬁf?ee%?:aﬁﬁ?j_cat ed in
igure 2 as e : iEEHERSH biystani ethoRs NExanhhlguor s
used 5 in the fidﬁéeﬂg%reen éry?t%oldiszat iSlon ar r%y are se?ect ed by rn_atkllb ng -
smal | vari a20 onsitiing drophorystallipatiint methods are ipeovidadtia U.$.i Rpg.d¥o. 50426, 616 t he
sel ected experinent fromt C e _screep. anple, if the nother

: i quor s_'usteﬁ i n(T’?‘thhé’éﬁilﬁfeaqS@szL _gat7§°p£|“b£ﬁb%®?“§8§ agg t;ﬂ;t&rr%t hahe_r

i quor in e selecte st : ; : i quors
used in the fine scre‘/g%%e%perl %ﬁ?&b&&g{?gﬁg\/@ atﬁgﬁ stoetl)lelt \%een 3. E1nt10 4. 6.
Further, by focdsépgoluhirs.aFotekatiplelhe volumerof theqirop sortainingghamplécale tabout
4, one can reduce the increnental change in the value in the finpe screen

FS1. For i nst anbe crystallizadds dese tham abonthgb. prefaraidy fss than iaheuti 38 ndo mose

Gur g the 29 ne Pecdbably e 300 B it b5 el RERGhe WEARRSONY 0P
each crystal | i z3}i,Q0 vaXRRI, HRMrob Volulfe i befvedfi 1 92 hnd 1G0ORE] pefdalilp Or der to

select the one or nore crystallization experinents yielding the best
crystals or crydieavedn kel p78@nDj matepreferahly betaieen t aLi-d90akpororerent sel ect ed
during the fine screen experi t s illustrated.in,F qure a 0
having an X. |f Dreferablybstyeen im BErf&f% i2f n}q%pr]efeﬁé)l)gfe&ggﬁlﬁqgﬁ(S%San.
sufficiently high qua#é(l%an@% ﬁ?feﬂh%krétégf@rh'?taﬂigﬁid}{ix%ﬁénﬂeﬁwﬂ'ﬁg in the
experi nent and perfor -ray 8| raction on the isolated crystals to

resol ve the30ol ekop eolunervisdre brystalsiformr fastervhey snzeilier/ddop vobimesarghseduse t he
not her |iquor used in the selected fine screen, experjnment in order to grow
addi tional crystAs aresuiiaygals cag be Wﬁ?@l‘@‘%ﬁ@’a‘n&ﬁg‘? ﬁﬁﬂhﬁékcm ne screen
are not of a sufficiently high quality, the nother |iquor 25 can be further
optim zed by taking the nother Iiquor used in the selected fine screen
experinment as the starting point for an additional fine screen. Figure 2
illustrates a second array of fine scr eenlkr ystal lization experinents

| abeled FS2. It is noted that this iterative process of selecting a fine
screen experinment and performng a finer screen array based on a sel ected
experinment can be repeated 30 until a suitable nother liquor is identified
for use in preparing crystals. 18 The mcrocrystallization nethods and
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19 well 38. As illustrated by the cut-away, the sitting drop region 42
can include a recess where a sitting drop can be forned. Each well 3 8
i ncl udes an upper edge 40 extendi ng above the support structure 36. The
upper edge 40 is preferably w de enough that a | ayer of a sealing medium

such as grease, ygRhel @s@PR the Preként InveRBon!| @Eﬁbaﬁﬁy liﬂ&i‘@asiééﬁ@ﬁ%foughé

Es
structure 36 preferably has a geonetry which allows nultiwe platesS 34 to
be stacked on t pm rafe afrtbe methoddor détetntning orystatlidationebhdigibas.e 34 interfering

with the well 38 contents of, an adjacent nultjwell plate 34. A plate cover
44 can be positi oned%\?@“‘gﬁ’é‘ﬂbﬁﬂl“ig ePIYpy ftas &V@HCQ&%GM%FWPP%W@H in

Figure 3E. The pl af. 0, ﬁseé’ﬂ : :ﬁgyag r t he
upper edges 40 gmtlﬁré&me rség’g?ﬁgglbﬂﬁfj us d%ﬁ?g%é?%&%gg re {ﬁg fgﬁél?%%grt 46
can be posi t4 onggidie! TReRt dfeqnilibrdtiondy Believdd anbe teldtedtd 4 telidnspipat € 34 so
the insert 46 rests on the upper edges 40 of the wells 38. The insert 46

can be renpvabl betiveentherateifairep evaperation and deoprvobume eMeanwhilethaitateiofied t o
the plate 15 cover 44. The [nsert. 46 can be fornmed.froma flexiple nateri al
so the insert 46rQPrey@peaYonIs H?nd(?@f%g‘??l’tsﬁ’éfa‘?erﬂﬁt-ﬁb&@“ﬁﬁe %’ﬁ%°€%§"é’rp edges
40 of the wells,3 8 | n; {ON I 8. '

Sui table materi g?%s '}oépeé}%%%ihﬁtsegrli %Qf&n‘%}‘ggg&%{ ﬁé%%tpf}a\:ﬁrgofo’ soft

rubbers and ot hghvig@fké&ity tiies tieaolure of 4 bmsller aresi(e.g, Fuluwse5GAL) Wik
multiwell plate 34 Can include a bar code 20 48 fornmed on the support

structure 38 Thavesignificastly lpssghan tvengaiimes the surfaqe azea of the smaller &opsi zed to
[ b de sticker. t i . d b

late cover a9 tedheiss Gon vobyek 05k i o ilplill SOy i b BB 70 5

a bar code stickgl Ofg%ggga A 6 (shfidel arddl dependéfit)dndRire PoleeSthefebyl NCl udes

a surface for recervin r code sticker, the 'bar code sticker i's 25
pr ef er abl y r enpyedeletatingoaqmilibinaetion dnidi ompsitdl foimation34 so di fferent bar codes
can be fixed to a single nultiwell plate 34. As will be discussed |ater,

these bar ‘codes can BHefugherpdvantagept the praseqt inyantionds thabs 1';51»!°%nd/ or the

contents of, & he | ti t: G r j S
4A- 40 i1 usltsi at 3%%%%%% %%cﬁeéﬁ%fo\?ogr@g%t;byﬁ;bﬁ‘%ﬁnoﬁgﬁ f@sg{rmt t@n m?m er
l'i quor del i verya sesaltedipreatet hiubér cficeybtillizatiog tisls dan b perfarmed/Asiiptthd B

illustrate a plate |oa i;g_ station 18 for sequentially | oadi n_%grrul tiwell
plates 34 20 samoamowntaf maleambs: This isof greag sigpificanee whepitiieditBeulti9e pl ate

| oadi ng station 18. | o0ki crqss the.plate track 14 and Figure 4B is a
si devi gw of theoétla"é‘[ eP%?E%i“ngmg’Fm%ﬁ@“é‘ qngayaeﬁcjklwupﬂvgrp ngi t udi nal axis
of the plate tr@%ﬁ%ﬂ%aﬁgﬁ‘ﬁid?i &b Betdadh Beliep toPdulb sy REIMASS iR rhSeBile.52

[
posi ti oned over ate track 14 so 5 the plate tfack 14 extends outward
fromthe bae of thelttipfrequéntly diffieultasvprodad andipurify tlesmelechletbeidg! si zed to
receive a-stack of nultiwell plates 34 arranged ope on tgp of another. The
pl ate | oadi ng ssqstaawedehaﬂ@@asmﬂma@glw%ﬁhm%ﬂica@rmmég%ot shown)

whi ch can be engaged ti . m of the 10
stack onto the g’legl?seoélg%lg&ﬁ{?.pq %eg@?@%ﬁﬂﬁ#@%@aéﬁt@h%‘gggggﬁ If‘fgw mul tiwell
plate 34 into tBgsallfdatibn i usifieditp preaRt thapl1qileimdzé. OBR redhciip the disp pl at e
track 14. The cl earance between the plate tower. 52 and the plate track 14
i s enough for twelupiezand heneathp emountsefanelesule usedrmen srystallizagion fgial; itwel | pl at e

34 lowered gnto,the plate.track .14 t. fromunder, t he. t ower. 52 as.

11 ustr at e n_ b el feCtenifigactl i S Y Fuben P ilicatipafats
transported fro &G‘e&lt OWR, I dsuRdiblago Hkeabfes can be
re- engaged so amr?gw nmu %%eaprgtaeé%é{t’gtb@%(ﬁ% bot tlom %f the chute 54 is
al so | oaded ont gorhbigaterial, shétgas kppréachRe mrulamld ¢rystallizaton triads sigcesthet i on 18

can hold several multiwell plates 34 and, sequentially position each
mul tiwel | pl at ePEasusetq eanserve molequieysage is regicedy (B pontrast BronE theery system

20 31 can process n RERIA 4\ I 2 |y
posi tioning eacﬁ?es%#‘fﬂéﬁggﬁié# éi% b}tfgﬁb ﬁ%%*g&gbt%gpﬁﬁﬁgﬁgﬁgﬁg%

| oadi ng st ajg onmiSinfigetheauaidet bftriatbhitaskre pérfortned! 2t bae fithedhieaadi shortagent i on
by operating the plate |lowering nmechanics in reverse. This reverse

oper ati on causesof availableim@le¢ule)| at e 34 | ocated beneath the tower 52 to be 25

raised fromthe plate track 14 and added to the stack of multiwell plates
34 stored within the chute 54.
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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 permts the bar code
reader 56 to 30 read a bar code 48 on a nultiwell plate 34 on the plate

track 14. As describ , f or med on. t L tivel |
plate 34 of can be | RraRSHesy SRRl AERIEE B bRy sty on e
mul tivell plat ean pefformédin thodeay iiitreastd TR MRAbE HflcRKr/slNSYSHEM

ar mu

control |ogic which associates each bar code with a particu rwel |
pl ate 34 and/ orinthe arrgaisttypicallyrgrestenthan 48, ipseferablycdreatemtibn Dyahdrepl at e 34.

Sui tabl e charactegi stics jnglu but are not limted to, the 5 nunber of
vol | 2058 Cnet b tardtiy greaten fian 194,05 petteab S smeaset oo Gl s Dawthatithe

mul tiwell plzate ; e DI A E i I cover
44, etc. The5 Ch%%%%r‘g?:ﬁg{ﬁ?ggﬁo a r#lf Il@&#&ﬁﬁt%éS%g%%m%ﬁ' ¥

adm ni strati vel sxagiple; andpparatas fhepréparihg dirayat whith irefudet48on about t he

multiwell plate 34 to the systemcontrol |ogic. For instance, a user can
enter char act ermigreerstaliigations is deseribeddwrain.yi ng particul ar nother liquids to

be delivered into particul wel I.s on. a Livwell, plate 34, Further, if
an operator uses ana]éﬁ{eﬁmgfhemgagfrgxc ﬁW%L’%F&”ﬁé?ﬁQF%E?Bgf?fHFS%e

wel I's 38 of .theﬁhauhay 4RH hlihS4 Bredtér ntrHBer 6T ATkt skd&'sﬁﬁﬁi%n%w&ﬁs‘édtt@e _
system control logic. Because Various nother |liquids are already present in
the wells 308 oforhhie mother ligidr splutives Wéd in the asgyt Eor caniplglfoimiggthean 15

override nother |iquid del iéﬁr .Sstatign ipn order to avoid delivering
i24 Pang

addi ti onal ot h&FaYIQLFULTPSTYS Hogsan dnojude ysing greater Bistogk goltigns As a
mul tiwell plate i 1 y 31, the
drop formation tg&éﬁ%‘é@oﬂgﬁﬂ%@pgﬂ?@%ﬁﬁfst {élt(t:)gf‘ ystal ﬁ?izl%@ghg%%%g{r%lo t he
char act eri st i cs96 as€ preferablyigidater tieanrtdi4] mostl prefptablycgradte£ than 102 différemal | y be
nodi fied by the systemcontrol logic in gorder to reflect the changing

status of the naipak splytionsmay beuaed. Hdp neted that the nunebes f stogk seutiers canogi ¢ can

not e when t her, |iquo S en. added, or when drops.. haye been fgrmed.
Fgure ap TB1 ustire el 2005 380 Ror iXiEitle, Ab Prind WeRRpeR e e B Ly
station 22 inclygesnfsts&doldifdngenber 60 suspended over the plate track 14
at a 25 height which permts nmultiwell plates 34 to be noved under the

seal i ng nenber 60. TSmallerablumesof mvther fiQuonmayales beuseddhitiywells.f The 62 with
a plurality of sealin diyminjectors 64 arr so each sealing medium
i njector can be’ ‘Hﬁﬁﬂgﬁngﬁ‘ﬂ q"éﬂ’i“]é?fg’ﬁt&ﬁi”ﬁﬁ%ﬂs\ﬁégégggfj@mﬁg%éwq’r%p{) il'&oel I
plate 34. The ' | i 0 S ' i nipcation
with a seali ngsﬁg%%d&% ggsd%]%%@tggé B&trggrfeol? %%fa{y% ?égg%iiahgmrre i um&g(gn be
del i vered f200m dptiensipelesstfarabout AB8I\LMRagEsE nidthérdiduos vlutdes it alayt he

seal ing surface 62 adjacent to the seali ng medi uminjectors 64. The sealing

nmenber 60 can bhke used pickudevbutigrerat limiteddo 26 HLroAAOL ard2$ phi-i30§ Wenider 60
relative to the, wells on mul tiwell plate.34. The seal | 5. er 60
can be moved vabiTeE~oBEs b i eFrotpRaRiabans 8%y HRAdHrBia g s ne
arrows | abel ed fycrodbpstARA oA idPPRRinéildia Epﬁhﬁﬁlg%&ﬂﬁ%ﬁé@ﬁﬁ‘i’né aterally
relative to a nultiwell plate 34 as illustrated by the arrows |abel ed B.
Sui t abl e act uatvolwme tes$ thde abdutt50apd., preferablriless thanbopnédinel. morei st ons,

hydraul i ¢ pi_stons_and electrically driven notors. | O In operation of the
seal i ng ne&isum%'t’-@fqbghleisz&a‘! ﬁ@“ﬁpé? &Lt ransport assenbly transports a

multiwell plate 34 i : L | : ' Livel |
plate 34 are positi oﬁ%&ugé’gg@%b%ﬂg‘wgggﬁo%?#ﬁﬂu@nogﬁﬁéggpgﬁégﬂ h e\ge
seal i ng menber [gkes o Beongdessthallet,itherébicalRedhg A@res wellarebeipdsitioned of@nt act

wi th the upper edge 40 of the wells 38 on the nultiwel lewgl ate 34. Because
the wells | 5 3sulsiwellplaterpenunijarea. Fogiexargplegthe 48 wellplategheying gavelleal i ng

medi uminjectors,64 before th rd noii f.the sealin er, 60,

t he upper edge %‘"87’ Peé%lﬁ'ﬁn\ﬁé?lﬁ Sgg\ﬁ@\r’%s PBPrg%mgaQ%lgéP? W?}@&Mﬁ?&e r.

Once, the sgeal iglgestyplcany ubd to effanﬁPf&aﬁkryMaulbaﬁbs. VAR redlation 401 the
wells 3 8, the 'seali'ng nenber 60 is laterally translated. The | ateral

transl ati on causethet lipios ¥alumeg maytsempddyedan 2oiet ¢0 fusthenredueceplatersizeat h al ong
an edge of the well 38, although other paths may al so be used dependi ng on
the geonetry of the wells 38.. This lateral translation transfers the

"~ seali'ng nediumdelivered to the sealing surface 62 to the upper edge 40 of
each well 38. The anount of sealing nedildmtransferred to the upper edge 40
of -each 25 well 3 8 depends on the anount of sealing nedium present on the
sealing surface 62 adjacent to the sealing nediuminjectors 64. The anobunt
of sealing mediumdelivered to the upper edges 40 of the wells 3 8 should
be sufficient to create a substantially airtight seal between a coverslip
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It is noted in regard to the sealing nediumstation 22 that the station may
be readily adapted for use with hanging drop array crystallizations as well
as wWith sitting drop array crystallizations. In regard to each type of drop
array crystallization, an airtight seal should be fornmed between the edges
of a well 38 5 and Byosilizirsg srpald dropt Veiimé &¥igifi CaNIT drédgerrrimitet ofhi ch i s

pl aced over the well 38." Figure 4E is a sideview of a plate cover 44
renoval st at i ofrystellizatipn trials gambe nerdormed ysingtthe same rmoynt offieolptwe.cAsaver 44

removal station 24 . nc a carriage 68 confiqured t.0 ve.vertically as
i [ ustrat ed byrﬁsﬁﬁ’ i P 1shi1Bi% 58 pRfOlh 3ot ’}“&%WE&FFVS?@@EB%E’FF{S&W y the
arrow | abel ed I jal bh a0 ediW th the
carriage 68 an? %@é@%l%ﬂi&tﬁ%l{ﬂhﬁ@%ﬁﬁ%ﬁ?%%??E}&%ﬁ&)&@%‘é’ﬁf&e@gﬁbl e vacuum
sour ce. Suij abtempesitionn Thistallowsithe nother ligudr saiwtionoto beifotmezcbftlo 2, 3,uhber

fittings havin cup shape and i pc|l udi ng, 3 vacuu ort in pneumatic
conmuni cat i on \?\,i@aﬁrﬁ‘% WWW&CLEMﬁ&%BBéF% m of the plate cover
renoval station 24, 4 . 0 y | plate 34
o posi t1on next (A pSoRiife td BAF AR e SR brERE bl P PLE |
plate 34 has afdmdefoay of mbie mulbweldplatedg EadB plate preferably dhestdbdsy 24int i |

each of the vacuumfittings 70 are positioned over the multiwell plate 34.
The carriage 6&ells, morgmrefgrably at least 3pevells, andowest prefestblnd ledst 48 wellsim
fittings 7

“are in,contact with . the plate cover 44. The,vacuum source is
bt i vated T o Pt IR mPies laver. Shlef sveisan b pfd PR allows e
carriage 68. TI i i Lsed to its original height. The
verti cgl not i o'ﬁ?ﬁ?ﬁgﬁgtp??}gg%nwgﬁe?% the plate covgr 44 fro?nthe '

mul tiwel |l plate 34. Alieaccardihg gethiSmethot ) duteotingantystalt formation cantindludehe
carriage 68 is positioned over a 25 plate cover storage conponent 72 The

carriage 68 i schasagterizing theocrystal formed (nesqley cuhey piggle theding o dhia crystalyaed ¢ ne

Caver storage CpNBRet it Shhult ShagtiedisBb ot e ad calb8, | 00 P °
its origingd pPRSHéMA markii@lyPbrbPtakitigtinales' vtk drdpidndanalyziagithdie adapt ed

to a plate cover 30 delivery station 29 by operating the plate cover
renoval st ati oimdgesifor the stneture dfferystals containedayvithin dhosedeanss a pl at e cover

44 to be renoved fr t he ate 24, _cover st.orage conponent .42 and then

pl aced on a mul time&rlg‘]eﬂeé'h‘g‘l g%'ﬂ%gqllgedgﬁigpgﬁg%f?%@%mg ®uses both
a plate cover j Shs?lfi t . i itation 29, the
pl ate covers 4@%%3{%8{%1?ﬁe p ﬁ%%%rﬁ%%gcg@%?ﬁﬁéﬂgn be the
same as or di f hédiihal ickysmallivatiopl tial winvrethe fé¥mulatidn of the mdtherdiqubat e cover

delivery station 29. .Fing’l;ire 4F is a top view of a nother |iquor delivery
station 262Ghhesdutiopsiniehich ceystals weregletacted,ia furthar yapigd wells 38 of a

multiwell plate 34. .The r.li . Ve i i udes a
olurality of del | vefﬂﬁﬁ’hﬁ%@‘?ﬁ%’%@%ﬁ%ﬂhﬁ {éieth 30\ beforkiiy 4 very bl ock
76 configured E@sfbslmﬁﬁoﬁmg THeQe¥stAURMdNsystéfh 10 CanTbeedidiled Yo yahib@rks 76

are coupled with block actuators 80 to slide the delivery blocks 76 in a
-~ lateral direct stationel2désegbed below. JDuring epezsasioniof the crystallization exstany 10he

arrow | abel ed A Suitable block.actpyators 80 inclu but, are not,_|inited
to, pgeumati c H}L_Q‘P\Yﬁ’i,l’ W@H’%BP?‘B%?@?%%B%@X& &:tgf?"mq'sic.m??éﬁ‘?te gg
provi des astop L AETENS

ext end thr%ﬁ-ghsg{%‘gm(fgﬁé\}etﬁghwgg i %BQ&%(Z% %‘ngﬁéstygg lgtrme(td(#\% g‘éd&i nto a
first deliverysgtionplB4 and a second delivery group 86. A fluid injector

88, such as a syringe, can be (ermvablioposi,ti oned in each of .the |unens 82
as illustrated in Figléﬂﬁ@’ﬂﬂllzqtmﬂygm glso includesia Rresesyag Yy A8 i 84, 86

are arranged on, the deliver | ock.. 7 : fl Wid g} .can .he
concurrently ZGIeQG‘JF‘F%‘ l‘&"%‘vryc? ogv’gﬁtﬁ%?%mqgv\%qo"g lg' OSFH tgﬁ%gfotc?%lerﬁ%ﬁﬁat e
34. Accordi ngl Y fhhgservitP e @Y sthlliziith sYdteni]1 @ BRudes butieé Hotdimitg RBIPCS6 i s
preferably equal to the nunber of wells 38 in the multiwell plate 34. For
“instance, @fenandeomputer workstationse Ihe pracessingunit 4 6irglndss prapessenptroliel i very
group 84, 86 preferably ipncludes 48.| unens, 82.. 25 h fluid injector 88 is
in fluid commutfEiGfor XW’{]WS froPFfafion Hﬁiﬁ‘jp @P@E%@Pﬂ%ﬁsﬁ@&l ui d
injector 88 can be in fluid communication with a single nother |iquor

. source. However, each fluid injector 88 is preferably in fluid

comuni cation with a different nother |iguor source. Figure 4H illustrates
a nother liquor delivery station 26 havi five first delivery groups 30 84
and five second delivery groups 86 which each include 48 fluid injectors
88. 25 Accordi ngly, 480 nother |iquor sources are required when each
fluid injector 88 is in fluid comunication with a different nother |iquor
source. Figure 41 is a sideview of a nother |iquor source storage bank 90
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26 Figure 4J illustrates a syringe punp for delivering nother l[iquor from
not her |iquor sources 92 into a well 38 of a nultiwell plate 34 through a
fluid injector 88. Mother liquor flows froma nother |iquor source 92 to
the fluid injector 88 through a fluid conduit 96. The fluid conduit 96 is
in fluid 5 comAnipeatatarcanisdione erymoregsediitgriased fodnerhchwithpdiserigage Mot her

| i.quor source 92 and the fluid injector 88. The volume within the syringe
100 can be nec h%ﬁ‘i/‘lrépla}t%@ﬁﬁf%%e%‘ij’“&?g l%&%aﬁ‘é‘éag’h’a@ef interfacessingludpybut e ar r ow

| abel ed A. A fifsh. i ' b n_iNnou i de of the
syringe 104 anaﬁoglg’gfé%ﬁ °§|ﬁ{ él#q%%drﬁtfggﬂe@%ggsgf@gﬁ%d%ﬁfbékﬁ put side of
the syringe |08. TheDhfingbpération bEthelzaystdllZativntystsn 196 8RMnBIGHELSsBABIy106
are coupled with a rocke? ar 110. Itr?a%;:i gure 4J,y t he rocker "bar f%ﬁly

occupi es a fi r sthopessd multiwelhplate pastthe istagiony il 2 pihidbepach pafdrasa partictied t he
fluid conduit 96 shut gn the input si of side of.the . syringe while the
out put side of MAEUQT ww%’&ém@ﬁmﬁﬁﬂ&hmlﬁﬂ@%@ PadiBg 110 can
occupy a second [ té i j d the
Frud” condut ¢ XA, 4 QRertiaEBLDIREE A SeiiehRay Baddd g tod Wieltalf 1

out put side of trine coystdlligiohGstemnid iso inchides a bat ede rédding’ tatiodr2(0@kerd 10 can

be automatically noved between the first and second positions as
illustrated by abar cadeowthemultisvelRplatos camge s39dr Jhe srystallization systémd® punyp,

t he rocker har 110 occupies the 20 first DOSjsti@nN d the.vaol i,thin the
syringe 1009 s ’F\H’éﬁﬁﬁ?af g e t’r?g‘tsir%ér isg‘ﬂglggq’@“ﬁ% S%gllti}# red into
a well 38 from te,dkddhdh hﬁﬂlgﬁfs&[ﬁ:&ﬁm&m&&e inbiRividl1stes OSskisificall§, @B the
out put side of the syringe 108 is pinched closed, the expansion of the

vol unme within tdealing medgen t@0bdappied 4o thecupper edgemf hiuidaecsdwng weedlspar t i cul ar
amount to be withdrawn fromthe ther _liquyor 25,source 92, The rocker bar
110 is then m\/&ﬁqeémﬁ@hs@mugg%ti SS#H‘&%@‘%IS&WESWQOHPR $ak syringe

36t hrough & he et HRATHRH edtes SPOdR wotl AL Wit B WNGITaRRE 7, 10
si de of thessyrd esersify} whichcik pesidonédiever @agh wel apalacd station wtheme wi thin the

syringe 100 by themﬁart.i cul ar anount causes that particular 30 anount to
f1ow t hrough t reystallizatiomsysten 1 0.38he arystallization sysiers d Qialfoduaclugdesia pate 27

The not her |iquor delive ectj on di S ve S far. illustrative

pur poses only afy eﬁﬁﬁwﬂgtﬁﬁ?f? %gv hﬁf:eeﬁ%%scz)?gﬁsZ'Q%Eoﬁlélﬁ'ﬁgegéﬂSEFCESéVr?gt her
l'iquor del i verygshaht fultbRelf platdsncl ude more than five delivery shuttles 74
or as few as one. Further, each delivery shuttle 74 can include nore than
two delivery 5 group¥hecrystallization system 10fadse inclddési amothesliquarideliveryi ncl udes
a single delivery, ' group, the bl ock actyators.80 can be elimnated and the
el vary o120+ 1 Sdtion 28 RHbsanaler bibiots freidfiBied o e welgieBned i Bew 19
Additionally, t i i I s AR .

el very bl ek DEAERAR Bitient Bk Afiors cAF be S BRMBIRTTERS 1y

i nj ector 88 ovegr the Rant nftherliquet tandte delivetddeintwanére thahloneivglhrBurtises, be
sequentially delivered into the wells 3 8. Accordingly, a particular nother
li quor can be dwpthesliguon gandesdelixered antp & pogkion otybe wellyon a single mpltwell st rat e

various station 2 that . i1{1Gl in a drop formation system 32. It
is noted that t]ﬁl@&3 otgefe&%ggﬁélfsg%g%g@g% illustrated in regard to Figures
SA-SE is adgpted for The bAiRellRAtigh SPstémh1@yalddincluies drop Fermation stdtiond8op

formation system 32 can be readily nodified for a sitting drop array
cryst al | i zat i onwhegrecmotheniqudnefrom the varipegwellshre psedta dommoreen morssirops on

crops L0, e depey Lo Rl desvirshosl oL et Bl b R, PR %3,
Figure 5Ais a fog_‘?lgébﬁ%%? %8‘3[59%595%31?&89 %ﬁ%%%ﬁm%qleﬁb%re 5B is a

si devi ew of the ormation statio ormation station 28

i ncl udes a washciysallized 1@ tHetvoveglipsihDake drops eantsining mathertliquor amdthee f 1 owed.
Sui t abl e cl eansi ng sol utions include, but are not Iimted to, water. The
drop formatibn BE tog caysiallized-arg demned opsthe coverslns; the coyersliRyat e
conponent 114 25 having one or nore nolecule solution wells 116 for storing
solutions containing the nolecule to the crystallized. The nol ecul e
solution wells 116 can be capped for storing the hol ecule solutions when
the drop formation system 32 is not in operation. The nol ecul e sol ution
storage conponent 114 can be refrigerateqsin order to provide cooling to

t he nol ecul e solution within the nol ecul e“solution 30 wells 116. For
exanpl e, when the nolecule solution is a nolecule solution, the solution is
preferably kept at 3-4 C whether the drop formation station 28 is or 28

is not in operation. The drop formation station 28 al so includes syringe
punps 118 and a coverslip storage conponent 120 for storing coverslips. The

. g ~ o o . . A NN



15 which is configured to nove vertically as indicated by the arrow | abel ed
F, laterally as indicated by the arrow | abeled G and | ongitudinally as

i ndicated by the arrow | abel ed H The | ongitudinal and | ateral ranges of
notion allow the nol ecule delivery pipette 126 to be noved to a variety of.

posi tions incl ugbsioredi@t bichrwéllich 80 the GHeRRs Wdle aﬂifd%hﬁgﬁ%i theand a
plurality of positions over the 20 coverslip holder 124. The above
nmovenents can beovesslipintaithy wello (hiesedropharesaliest hanging dteps. 122, coverslip
hol der 124 and the |.ecul] eljver ipette 126 to a variety of different
actuators. Suitabl erTgtc‘ts aategégati%ﬁaﬁégmwna%%&n b readidyiadaptedstodomat i ¢
pi st ons, hydr aul:k&,oo4 R, Jg%rﬁé : j , I,s.a

si devi ew of a p%lggnt tderﬁhgfhzaefi 1531.1-&%'{1 pI Bg%,[n{em{ggﬁgglra 1 Zagﬁ%ﬁgg@tﬁﬂpi pette
support frarse 1Rguord fienpiheaatiouswelisard the sotetidi’éhnitaihidg tie Mmioldedle tofbepi pet t es
130 equal to the nunber of wells 38 in a colum of a nmultiwell plate 34.
The pi pettes 13¢rystalized te|thetsitting GeapitegIOMAI ch appr oxi mates the spaci ng

between the wells 384in the.col. | tivwell .plate 34.. This 30
spacing pernmits eachTJBFﬁ@'ﬂ%&%@ﬂ%ﬁ?@éﬁl?@FfﬁWé Ve siption
different well J &p5 a4 pgs%%h i mhifvd val ve 132
and a conduit 1 4W£E{ée¢11§tie(r\1cgbfromc%ﬁge val ve e???g%{a%l?a syr?wng%lwgﬁﬁnpcalls. The
syringe punp llguitiwelbplatescad them e transporteditoiaptiate uhlvagingatdtion 3030her8thd 0

drive fluid out of the pipettes 130. The valve 132 is confiqured to deliver
drops of a lfar tmultivell piates can beremaved fiog the platetrack handstaredps ar e

del | d f the pi,pette 130 - . i.s del | d
from the pi pette 130AREReh e driiH a8y SERLNIP iiulied R File 1 hal g 00T
pi ezoel ectric VHriRS stitidns P2 BosHichedakNE a¥ihgld plaftrdd® 1901 ik HoteB8 Ehdt@hdle! i ver

drops as small as 380 pL. This allows production of not her | i quor drops as
smal | as 380 plLvariowststasions &2 oan beodivided inte ode opmeresubeiystemsy eathby t hese

pi pettes 10 130 | so .be.possibl e, woul d be desired, apd is intended to
el Wthin t neomialy BRving i SRatstaek 1 Hobbriored et Bty OF Be siations Lo
used for t i ' ' ' s : LAgtte

arr angenent Suseiey opapilly AL PGP ok (e Byslizafon Sfdihip,

Accordi ngly, tHeurthergathelstations 1% enybepositioned i2bseqhiereeiotedr Whtastha sdquenat ve 132
and a conduit 134 extending fromthe valve 132 to a syringe punp 118. The
nol ecul e del i vellystatpdin Biguesl.j Eorinstenceothe plarieqventamaval statiom 3¢ cambeir ops as

smal | as 380 pL.. Eurther.r ti i . . i del i.ver ed ..al so be
possi bl e, woul op ogéndé}vggﬁggoa;gﬂ%ﬁb&r !g‘gdel 'ﬁ?‘%ﬁ@8‘8{‘&22‘?-a1i§d‘%°9ﬂryn_sF}%%g‘sa‘{fd§% of the
present inventidquicriBdd fonBidi caPbe Sarfied bHEMIaW NI stati P VIRdrShétRnde0h Pefte 124.
The coverslip holder 124 includes a frame 136 which supports a plurality of

support cupf 13®vehdglinery statiem2% can be fooned integrallyl wish thet drap fpmmatiog whi ch”
i mat th i b t N 8 i | f th I tiwell
oot 3a Thi s T SO A aeite JE02300 (0 he concurrent 'y ali gned
ith di ff t | { : : ! |
W a datrerent we 41'h§§b<?v& 3?an%ﬁs X Ezg{;?b ﬁt:luﬁ@&#?%xﬁ%l‘ﬁ?{é{gﬂfcﬁtcﬁn ééc}bg%qiezi g

support cups 13 8 can I nc e an att ment nmechani or 1 nmo

the coversli ps included irediffetent indepémdentwubssyppms! Forinstadds; theltigy Riatlimghnent
mechani sm 140 serves to keep the coverslips in place when the coverslip
hol der 124 -is istation, bar cadsweading statien 20, sealingawadivm ewtian SAend motbem 30

rel ease thgeccoversli a . kred, m . Suit apl e vier sl in.hol der 124
it achment 2ecrianes dBiydth sPiBR 26 et pE RO Red sk SRl o feR Biubr BV s our ce
in 30 pneumatgygtenPITWhlE e @Bp FormativA Gtatith 28 ahd tHeQstatk uBlkALidg Stdtiem Fuppor t
cups 138. Pulling a vacuumthrough the vacuum ports ‘serves to keep the
coverslips in plaade iocludédincamiodefiengerit drapeformation systeen32. | Addichonally the
coverslip holder 124 is inverted, the yacuum can be. rel eased H .di sengagi ng

the vacuum sourGBCHEnsAssciate agnaEicRlar stabion aped Dot bg gammiedout ARrng . ,um

rel eases the C%éfﬁ'ﬁi- %n 2 i pp h tax#]&‘l [ . L

sideview of a c versqnloép:)ftfs‘%o ageﬁgg%%% @%Zg&eﬁéc f%‘glt{lj%géﬂé@értﬁaéfi ty of
magazi nes B2 sbezdeliveredniatoctthe ovetls of a pmitivtell plarediyenh exterhalapphratuschedisret her .
The stack of coverslips 144 within the pagazine 142 can be 10 bi ased upward
until the coverthemyltiwgll plate griersshe erystallizatignysyRtems 16, clgysuch an dpsianse, ¢ he
magazi ne 142. The spaci ng between the nmagazi nes 142 approxi mates the
spaci ng between the support cups 138 of the coverslip holder 124. This

spacin
p g 16

12}




|
permts each magazine 142 to be concurrently aligned with a different
support cup 138 of the coverslip holder 124. Accordingly, a coverslip 144
from each 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 f ' ' Qlliﬁhiﬁ) ' of, a Ltiwell
pl ate 34. The f%éﬁr@ﬂg!r@d%{gg??eb%dg c\%iﬁt r%g{p?g%tr “tﬁ{é&zﬁ"?‘ﬁhﬁ ?gﬁeén of a
protei n, howevdiquot Heliveayrstaticnt 26) thecraathieligwe defivary etavish ab ka Bé bpéraell ot her
types of nolecules. 20 Figure 6A illustrates a drop formation station 28 in
the rest positit@motieliver methepliqunrs 1ye the Wellsn the drop formation station 28

is not in use or betygen wlti%i. | at es %gﬁ,bein tracgl?)f)orted.into t he
drop formation st at i‘oHTASUTIFTY %P%& BFFR FRERASTAPY PROCcqsemest e
attached tost henGRGRIISIAE SR crisdllighidsysRnP RS hich QR @it -uaﬁﬁ' of the
pl ate track514 and th? pi pette hcor%der 122 1's 25 posi ?‘igone(S tlg t eE%%posi ng
side of the pl éRiguterladiopiin thEingomoerydilliatios amray emn e ohsktvieds$odd thpl at e 34
noved into position for drop formation and_t he pipett ewgol der 122 poved

into position doepatianofigrstalyWihen ¢rystalsare fyrmed ig a dron of e parfietlapwell30. The

pi pette hol der L 8., | 2 bt %n‘)@et i d NN .¢l eansi ng
solutions wt hi%@gmg%ﬁ%iﬁ%g}c &g@v eané?%%d @FH%&P;&%%&&#’%PQ% from
the wash basi n shiR asisithpt,hezerr Bigdel for bi9bEforrhaion, SWhah #e0mbef RS ubdte

pi pette tips fromthe cleansing solution. The cleansing 31 luid is then

expel | ed fiOm tiheag yell axegliffgent, theerystal geasles odn baseimparedie detetmdngul si on can
be repeated as often as i.s necessary .t i eve rqper | rimed pipettes
130. Figure 6C WhiFhZy @Q“?rh‘%“ﬁsﬁﬁtﬁfﬁg&m ﬁg‘eﬁﬁ%ﬁﬂwﬁ?@- posi tion over
a 5 colum of inly! IIREALS a4 diffERet BhRAIAY indext which
positioned so \(Ia}g{::‘{?qhﬁ%?’p%c{lg@ti pis aligne \?\nfy?ﬁ!a HW%%nt well?CBB in the
col um. Accor diprgdyces esaults whipk tarebd @inpaediwith theatesults/aftidther copstallicaticr wel |
~38. The pipette holder 122 is lowered until each pipette tip is positioned
wi thi'n the not FEPeIUMEYSr in the associated well 38. A portion of the nother
l'iquor is pirated rgmﬁa& . 3 | A ihette tip. The
actuators ?Een lift ‘%ﬁ pI ae.(f’e({a\glai ﬂtd%g/g?[gﬁ%ﬂﬂ eﬁgﬁs\éﬂ%ﬁg&p‘)’%&gtte tips from

the wells 38. ArpaillizAidon@kpériiferdSin draérad optinive the composition 6f theanothpel | ed
from each pipette 130. The exi)i%l ed nother liquors fall back into the

associ at ed wel |liquogused; fauempstaibzatian aftarpartianliarimeclpeylet Figureo? dlustrates anpyed
over the coversli,p.15 holder 124 and JiS positjoped so each. pipette.tipis
) Taned i (- a AP PemiiEs SHelaitinnl R 3RuRE sSaLiPeBthEd L
hol ding a Coveragﬂirﬁi;g&té%mé&iaﬂ%@m 2,%63%’5_@%% gRisSM 140 is

engaged to i mMmuobi e coverslips 144 relative to the support cups 138.
One or nor 20dr agssocidtedwith ¢he doarpascreers areyilhedtiated dsraplumkitynofiioxes set oliBth ont o

t he associ ated coverslips 144. 20 r lt, . on re drops of the nother
liquor from a phiegidifigrant apsays Wl}@ﬁiaﬁe '&EF?S@%@@%@P@ (frgpi‘i‘ F'ﬁ“g‘tﬂr@ry ¥verslip
144. The drops gf. | i h i 4 until
a desired vol urr\%’31 SPR%TQF{?@P& ﬁ#%w@&%@%&d@%ﬁ%&%@%ﬁ&%ggﬁng\%gr slip
144. The total Aedgihe xGihd ylRistissieiatetbwith @acttariyt E ok st b TS, pevérdl i s

strictly 25 controlled, As discussed previously, a feature of the present
i nvention is treysiallipation experimaenty ate psrfarmed, whergdhe pdtvasiadfromiZchinabl es

smal | drop,yol ungs to used,, AW gvi ce i . iLyer | umes as

| ow as 3 88gpL1H§5‘faE§r%&?§%g%g’ G‘ﬁf‘b@éﬂé%ﬁ%?ﬁf@ﬁﬁé&‘%aﬁwf%e

preci sion of the volEgydalitatRnstpérimeits {tthaRbirsé Ssreer &8 Anahaad 025 nL,
nmore preferably less than 20 nL, nore 30 preferably |ess than 15 nL, and
nmost pr ef er abl yseleesene dranoré @rystalliZEtion pxperingsntswhichtyield thel hesterystalsioreifed may

al so be between 380p nd 25 nL, nore .32 preferably between 380pL and 20
nL, nore pref er%?rys’bé% %}‘%Wb"try%‘ﬁ'dmi@rﬁﬂgﬁﬁtﬁd SeSFECR FEBTRMB%t ween

380pL and 10 n LU i |l £ i : : ] dto
the rest posi t%&%@ﬁ%@ﬁ”%&%ﬁﬁé@?’%ﬁ%‘% t]%i gjur qu%.cﬂr%ﬁ%n&m%e’glu %{tg&eel ivery
pi pette 1260i s &smslackbboxihFiuesRt Fore soxeens are tianepesformed fot.thdef or e bei ng
noved into position over the coverslip 144@9&Fe nol ecul e delivery pipette

| 26 was | over ecFrystaldizatiopaxperiments seleqted threuedidne coWse $6E$91- and a vol ume of
the nol ecul e solution aspirated. Once the nolecule delivery pipette 126 is
“in position over the coverslip |44, drops of the nolecule solution are
delivered onto the nother liquor which was previously 10 delivered onto the
coverslip 144. The drops of molecule sollftion are deiivered until a desired
vol ume of nol ecule solution is achieved on the coverslip 144. The precision
of the volumes delivered is preferably |ess than about 25 nL, nore
preferably | ess than 20 nL, nore preferably I ess than 15 nL, and nost
preferably | ess than 10 nL. The precision of the volunes delivered may al so
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30 nultiwell plate 34. The coverslip holder 124 is positioned so each
coverslip 144 is aligned with a different well 3 8 in the col um.
Specifically, a given 33 coverslip 144 is aligned with the well 38 which
was the source of the nother |iquor used to create the hanging drop on the
given wel | 38. The cOJiiesicresnicaysipllizating expertimentrie gerfutmned bihdesignieg 51 i ps 144
contact the upper 4 the associated wells 38,. The sealing nmedi um
whi ch was 5 pr eW%%Ql%?%np%F%?st@oPﬁ% ’BBE’@F H%‘b‘@'@wo&quﬁ@e s 3 8 causes
a seal to be fogmalliRaiotesibetiffent i&dtad thisughdf a%}ié & - s 40 of

t he associated wells 38. %?e attachnent rrecg%an?sm 48 Fés{{zr@lgc{l%aggda and the
coverslip hol deFigh24 assthe arrap thbeted ESyv §he aoimpositions bf the biathérligubacge@ver an

associ ated wel |, 38. . The hangi ng drop hangs fromthe coverslips 144 into the
vel I's 38 as i | | indhe finggrreen ¢rystallization array are geleeted hyimaking pmald yanstions in

Component 150, thr $6pBENGR of B Sadife! B4 BRSO SRS ERpartant BOR0Ee
13 8 is al i gnedeoidelicrreARTBEERENPIGAS tHe thbtBeCRyiRrS Lisdd MRS é&ﬁs&&g&%%‘a&t 120.

Accordingly, each support cup 13 8 is associated wth the top 15 coverslip
144 in each mageoph betwees 2-8hed thevmother liquooinithe st2étadscrysialtivatibn teidia pHach
support cup 138 contacts .a coverslip, 144 within the associ ated nmagazi ne
142. The attacfﬁféﬁ‘é: %@ngﬂ?‘ﬁ@‘s‘? inthe f5e creen p¥RASENeOLy MightdavempHct ed
coverslips 1444 [ tl?-‘gxrtﬁ icat. e &ﬁg Figur.e 6l
illustrat es1 bt hegeg‘ggégrjs{?it%@ﬁbl er éé?ﬁ f?@sglﬁﬁggaﬁ?l {s ilraes ?)rc}éci‘ﬁ%%]so%“% The
top coverslip l#gH bf abowr d¢bnedgaztie thé thetdmenifischenyé inthe 98RE G tHeTirel QUr €
6G is attached to the associ ated support cup 138. e steps described with

respect to Fi guceesnER; dior instance, the incremensalehangoin the phbdyrngthbel coarseeach wel |
38 of a single I l1s. 38 ,These steps. are repeat ed il .a hangi ng
drop is formed #%#@2%9%"5%%6 %éf%ac%’lﬁﬁ @F’%"?ﬁé%ﬁ?ﬁet? ¢ PHpl at e 34.
- Once a hangi ng ditap theSAhOSHRM dIsh G aTFiglte 248bl4 38, the nultiwel | plate
34 can be noved to the next station. The ¢rystallization system 10

descri bed dBove can Crystalidptmetl inceath crystallization experimmentThitse fnkogeteniagn can
be made with cr;g%\ es, to 1Ehe m)ta&i; | i quor delivery station 26 and the drop
formation st at i33aY2ed ingsder;tn selsctthe opgar merearystallization axperimants, deMing at i on
26 i s adapted j t Ik ! . ions 41 of a
nul tiwel | plat E&Sﬁgﬁg{ag £ perl*'lgolﬁsr}n{e‘:’a{i:’ig&lt?'t"%L E@%&%@ﬁ%ﬁexgge& selectld

mi crocryst al | i Zatihgthesfirgdscheenterperitieht ivdldstrtledtis F?%h'b b'dd%tHo&tlﬁde%&.gur e
3C. Specifical Ily, the fluid injectors 88 of the nother Iiquor delivery
station 26 nustlfihe qmtglﬁémdtiurmeme«ém sereeri amof asufficiently hipk qualither

liquor is livered ..n t wel | 8 of.the nultiwell .plate 34. This
a: ?;nmelnt ggr%}ésg%d%}lftil%f&@q%c?ﬁ?ﬁs%ﬁﬂf B FFﬁQﬁﬂ‘IEC’}tﬁPS%F%tMTrPYre;;i on 41
of each well 3@ifflaétiitiién BRlisolsted BeystdletoTREdIGE g{eirﬁb'l%&le'gr& ystgt?nu%ié}eti ng drop

region 42 of each well 38. Adapting the crystallizatton to form
sitting drops &ltematively, desmightpise the mothedliquorfusedrirt theseletted ifigd s&8eri 0 f or m
sitting drops. The drop formation station 28 can_include each of the

conponent s i | | GXPETUREN 1R prder ip growi additionaterystatsy Jdeweyernif theecrystals foqmed; al

rel ati onshi ps iglh LA E : .1 hg net hod. of

oper ati ng t hesd"an {Hgﬁ%dr?gs s?l‘e'\;gralh"(i:{g&tfedr?c?m.E ﬁ%enm%lhﬂ@sﬁ’ﬂ%@“ﬁmuﬁfgur es
6A- 61 . Fi g25 es canbe/ farihet optithized by takinp ak thothePhQucHsBd i the selesRed Fige mat i on
station 28 to formsitting drops in each well 38 of a multiwell plate 34

adapt ed to per PP BXPSFimenhas e SiAring pgintifor an edditional finexscresn, Figughe
figures are degfd Ry s Whldhd 83) SF Firk Qcfern htalli 1toh%9<pgr£mgmg Ea%%l%'d%sz.

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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however, the sane nethod can be used for crystallization of other types of
nol ecul es. Figure 7A illustrates the drop formation station 28 in the sane
rest position illustrated in Figure 6A. Figure 7B illustrates a nultiwell
plate 34 adapted to performa sitting drop array m crocrystallization noved
into position 20 for Th¢ mi¢mgrystabization methiods andepparatusaglof thequresentvel | 38 in

the nultiwell plate, 34 ing¢cludes a |1 region 41 adjacent to a sitting drop
region 42, Fi guRNeHionnay by oo Peotm the Chss e AIRY SrPermETh RSt 14 o

position over the. i [Wad) i : ppettes
are primed as dlggggiﬁ’gg%?ﬁﬁzﬁéggﬁo ﬁdﬁggﬁg%%&%ﬁgﬁ3§§°’§@| ustrates
t he pipette holgteviohgly beew ehsibie withdeag sizes langer than dahicsroliterf IvehbdIati n t he

multiwell plate 34. The pipette holder 122 is positioned so each pipette
tipis aligfed thefinespeenaitpy exparisrenismay also defedfprned ying ths 8 in the

I il d_in Fl. AP i.nal i i i d
coTum 2 11 ki haleulle BN EALE: O SN Vs SRR ASH R 3 PR 21°
tip of each pi pRikfnicd iR hioaess e Inier EBhNGkidriiear whi ch vias previ ousl y

delivered into the well region 41 of the associated well 38. A portion of
the 35 nother |i qubigurs3Asibustratesa tbp vieveolhmuliwell plgted4 whichswydeat ed

ith ipette tip. Th t then lift.the pipette., d.t
The pipot e ti piseRveith DR SGURedSEnd SDDAMSFS SLHE BIOSPHanvABPR I BRI thor
[ i h | i : [4
o back 1 o BarBtCtf dubl HTLGRSRIARA s JifnGE e BRI IS,

then noved so emgfudes R Shpgpdrt stiichize 36 defisitg wells 38 aerafigdd! in Bootlints dandd on. 42
inadifferent well 3 8in the colum as 1llustrated in Figure 7E. One or

nore drops of nmwserAlthioyghb Figure dAndusteates s myltisvrl hplate i with a tte af 48
associated sittin op region, 4 a.result . ..one nore dr t he 10
not her | i quor fI”SI%ﬁ gg’ﬁg? H“BU’I’%\II’ p% :I%S %ﬁ@ﬁgﬁid@erffglqu@%%togﬂpgjsf he
-sitting drop region fz,af 35 heoviddsa $8dviewd 31 thEhRuldwWeNDlaé 3aulkahteliiigluor are
expell ed onto the sitting drop region 42 until a desired volune. of nother
| i quor has ISeenFigate 34r Eactowel 38 audluddstaniupgetiedge 40extendingaboyethet ot al

I f the d del i to th | i 44. trictl
cont o ed.  As WPPOTETUERTE i TR VBper sasci arePenly widseoB e Bh Y o¥eront  on

is the ability .l I i i S | drop
vol umes to be u“I’sfgadggIIIIlg ﬁIe evi cgggﬂ\%gcﬁ égﬁ%ﬁ%ﬁggﬂ‘#@ﬁfﬁgw@é 380
pL, vol unes Cansu?@oﬁ%h’h&tﬁf@% fefdralsly has a pesraetsy ohichHllews nadiiweld plands 3dhe

volumes delivered is preferably |l ess than about 25 nL, nore preferably |ess
than 20 nL, nort Yerssickedbhyop efene angther Fvithout enecmpltiweliniatp A4 finteriening | ess

than 10 nL.,.The ision of the volune J VR y al so be between -
380pL and 2 nL‘,’VP"IIS'I?%WBI?&?%thBIO a%@?%%nznggIIIpNEﬁ gage% nL, nore preferably
between 3 80pL and 1pjdke 3@ MusiAtds aRbS Wiwabf ¥y mhktiwelbplad RA0phicer@dybe nL.

Figure 7F illustrates the pipette holder 122 returned to the rest position
25 whi ch was i | hsedtwigh the methédsandepparatiuspeofibe prasert inesntipaty pgfgrma e 126 i s

noved into positipn over a sittin rop regi 42 LN, a L | f,t he
col um. Before ¥ AP PERY PHEYC Hagﬂn'dg%ﬁ&?“%teg\gﬁ ,lwaﬁ@a%&d'ecul e

delivery pipett OVNRR Rl N b wel |
and a vol une of &ICIII@@%D%CII?I e soII‘II%?ggegg%?#tgt‘g%ﬁ&ﬁ&n?ﬁ%%%cu eQII:IHeI ivery
pi pette 12625 s 8pows AhBoughahmaitbwell platesi4 withd8 dvedis 38dgillmstratdd ther ops of t he
mol ecul e solution are delivered onto the nother |iquo i¢ch was preyiously
del i vered onto mutiwell platecifean inplude a diffssentJummher gf W ?&Quﬁé"éﬁqeﬁg’inéﬁ are
delivered until,.a desired vol | pCcu L QR | n the
sitting drop reIfi atslhacg%t' tgfﬁsél%ﬁg c?pglIegIrIB o@ctégh@%hu%néeg&ygqr %E&E}Iﬁ?‘gz B
preferably | essjlfi3ffeda9béing 2efitrally Wisttiduned Withithe Wwelb38, thesittiang dnép nore

preferably | ess than 15 nL, and nost preferably |ess than 10 nL. The

preci si on of t heegiai 42vemn hpepasitioned torape side of e wall dken 3 80 pL and 25 nL,
nore preferaply between 3,80 pL .and .20 .nL, re prefecadly . 380 pL
and 15 nL, #hd nost I%‘F%?ﬁtﬂfg"lﬂsﬁ\é‘ ﬁ“ﬁ‘é’d’fg% ’5‘I‘I‘§1 "(IF?I%I% #HQW%P | i quor
drops and the p i R~dFADS: h\er, ' fhe KoMt HxhB dr ops
are delivered, Fﬁ%ﬁ%?gbgﬂggﬁgﬁ%gﬁfgggg?ﬂggﬁngfngﬁg?ggﬂ10 to be studied
for crystal formation. Figure 7Gillustrates a sitting drops fornmed on the
sitting drop region 42 of a well 38. After formng the sitting drop on the
sitting drop region 42, the nol ecul e delij¢ery pipette 126 proceeds to the
sitting drop region 42 in the next well 38 until a sitting drop is forned
in each well 38 of the colum. The nol ecule delivery pipette 126 then
returns to the position 15 over the nol ecul e solution well which was the
source for the nolecule solution used to create the sitting drops. The

nmol ecul e solution remaining in the nolecule delivery pipette 126 is
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25 the multiwell plate 34. Once a hanging drop is forned in each of the
wells 38, the multiwell plate 34 can be noved to the next station. Although
Figures 6A-7G illustrate a nmethod for operating the drop formation station

adapted to ot hrelr e ArOGRR Y, B RRPanrbe Tegfl Wi eeke B Randmndes -
and/ or ot her nulrbéessWhepd abRUMEQOBICaA BSforméd. Ehdh Well 99&&%&9% fl‘bﬁﬁcﬁdéﬁe one

apparatuses described in regard to Figures 6A-7G may optiona
or nore sensor s 4Qxténding ablesegbe supipottistmctinst 36e rThe upper edged0ds predérably

nol ecul e drops have been forned. ex | e.of a suitable sensor s a LED
sensor. Wile maWe ﬁpﬁ?él {hﬂ&gﬁ’é’ ei@nﬁﬁéﬂ??ﬁlﬁ%ts“ ASTeAsEan bgapplied toe d
~with the aboye j Fi sl I, odi ment
of a plate trgacith%&b&gfed#rggg’sgg%ﬁp}g mul ﬁuﬁ’éﬁ‘ﬁ%@%@gﬁﬁﬁ gé‘ﬁ{)\éﬁwﬁ}fg above
stations 12. Fi giioRs mvitiond! fitesis4 tebeiackedven @cflp &f dtleanbthef Witkodibne0OKi Ng
down the longitudinal axis of the plate track 14. The plate track 14

i ncl udes two spamneltiwell plateri4 iptesfiering with dha well 38 comtepts of s 8djeoent nuidtiwplhar d
froma pin carriﬁge 62 positioned beneath the plate track 14. The carri age
i ncl udes nmechaniR&€whi ch . can be actuated to extend the pin 160 above the
plate track 14 as ill i i : r b : h Q. 160 bel ow
the plate track 14 as‘&iiﬁl%tgtsctsgeartd'ga:lilh %Uéﬁséﬁf%ﬁggkpe%wlﬁgm@ﬂg%%gs a lateral
si devi ew of 1@ pliRttratédinkFigdres3B] Theoplatp ooterddanibe desigidd so the vowrirésys of
multiwell plates 34 present on the plate track 14. The transport assenbly

i ncl udes a firstonghe upperradgee4Q ebthe wells 38.0Aq ilbistratedrin Figyee 3828 ingert 46 t hi r d

i i 162C. , Each.,of i ' 624, 16 62C i fi d
P rove. & ong A0 PEAGREDRE BFoRsT e id ARRE ¢4 BA e mittnet 2Eite 43 S B Sat e
by the arrows | ahelef fstsBe &er-EEEesWOW welld 33.%%%61 céilggecér fl_g‘(’a"s

i ndicate the range of notion of ‘each™pin carriage 162A,
first pin carri agaotsblé frontthepdate hoverd 44 ion caebea pamandrilyGtiaciodditd eheplateur al i ty

of pins 160, _The pin e ] ocat ed opng. t in.carriage,162A, 162C with an
appr oxi mat ety c&A ?’a‘ﬁ‘t a@i‘%‘é‘ﬁ%é&rﬁ?‘ﬂa{’%@?‘%@ﬁﬁ’o‘} gﬁ’g{ﬁfﬁ "bqq?ﬂajlfﬁé‘?ew&@ pi n
carriage 162A, : ktsal 4‘%9 { t . DI NS
160 during npve#g%?d%g%%gb%ﬁl&ggﬁﬁeggl ih é%@%‘éﬂ@é&ﬁ%ﬂ{?%% ?gup _
illustrated in tohdere teiude dvgmeationofirom twvweslty 38, tSrdtaplerinaterial9 fog the thsear r i age

162 can be withdrawn while the pins 160 in another pin carriage 162 are
ext ended. | n andfriseludeiintiareant limiteddo.tspHsubliers and gshergaslet materid a singl e

pin carriage 162 can pe..ext ended.whi | ot her r ] of .the,pins 160
N hin the same. pi n cor Hustsateq aoFikpe fa-dhe v abaleh i inchinds Bgsods
formed betwegn URGoRL&N 64 Hd ﬁ@g&}é@&m%@?mmﬁw 12885 e atdd et | vel |
pl ates 34 positioned on the plate track 14 so the pin carriages 1§2A, 162B,
162C do not contazsutfatér80 bized tonmeseive aber aile stickenu Alltermativelp) abarsodd carfse a

result, when th ins 160 ,are withdrawn, the pi.n carrjages 162A,. 162B, 162C
can be noved al ﬂ%nw 2 Bl 9%#ﬁéprﬁseiplatwo‘teﬁégmtvéiﬁgwees #irediout

nmovi ng mul tiwel | . p - ] i's

ext ended and there%lk\f]etzgga}fﬁoggesﬁﬁ%é. @eﬁoﬂ\gf{e@ﬁla%eﬂlgp l%(%?ﬁlogﬁgﬁtfhé}fe%g? axi s of
the plate track idduddsiesupface 6iGesuivinga bargodestickercthe bad cvide sBkeplist ruct i ng
the pin's travel al ong{the l-ongi tudi nal axis of the plate track 14. 10 As

descri bed aBdve preferably remeovableftqrn the multisvell|pjate 34 se diffarent tbanendes can bee

mul tiwell plates. 34 fromstation t.ation al,ong the .plate track 14.

Var ote. posi 11 ofeeqidgiiele aipel PR A vl Pyt dorsh B cofes
particular stat 'cQﬁ‘bQBscfd‘ﬁiﬁEﬂ dheé mafiwelpla¥ St ARUAPL the@htehBiIranece, when a
multiwell plate 34 1s |located at position P,, a bar code on the nmultiwell

pl ate 34 can be mdddelplate3drto twdsystem control logicand when a nultiwel | plate 34
is located at positiaqn P2, a sealing nedi ymstation 22 can be uysed to apply
a sealing nediumto tﬁi@-“i?ﬁﬁéj 6°‘8g0 1mentzof|the vagioys staf ?g%l I
plate 34. Fypth i I is Lbi he

mul tiwell p gte %b%&lggdg]gg‘%#%ggﬁég%gﬁgs&% dolﬁlg?%?é?hg e &?%ﬁéfggdg uttles
74 of a nother liilgstrae 4lplate Ragtingistitionn 8 Z6r seg@entialy leadingwhalgiwdéiplatepBé on
descri bes a nethod for using the above transport assenbly for advancing the
multiwell plate 34 |abeled T, fromthe position | abeled P, to the position
| abel ed P2 to the position |abeled P3. Once the nmultiwell plate T, is

| ocated at position P1, the pins 160 in tdge first pin carriage 162A are

wi t hdrawn bel ow the plate track 14. The first pin carriage 162A is 25 then
noved to the left and the pins 160 extended above the plate track 14 as
illustrated in Figure 8C. The nmultiwell plate Tl can then be noved from
position P1 to position P2 by noving the first pin carriage 162A to the
right until the nultiwell plate Tl is positioned at position P2. The pins
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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 is noved to the
left of the multiwell plate T,. The pins 160 in the second pin carriage
162B are then extended above the plate track 14 and the second pin carriage

162B noved to tdifo hipldie trdck 14. Figareri isiavwiddvigw of the plate 1@“@@{3@%% posi tion
P,. 5. The plurality of pin carri alges 162 illustrated in Figure 8C all ows

a nul tiwell pl dpeking agrossthe platetracknl4 andigpiedideis asttieviemmfithe plage
crystallizatio stem.10 . Lndependent | f . er. tiwell plate 34 being
processed thr OHSWEQ{%‘W%F A?Q%fq%%§&%ﬁaw%%ﬁgl\§§n%@ 12 ﬁl?est

mul tiwell plat 1 BRidEd PTHvRE 5D R0 i i wel |
pl ate 34 renai ﬁg@?nsﬁig%gmg@/g@ 10 §A§ a resg’l t,go%\!haedrﬁ%%?%ggﬁﬂ E%re
each associ at-edheiptdte ttadlf B4 exttnds oatwand frofrPthe bedetdfitled towpet 52.eTh8tbvesris2be
processed through different stations 12 at -ditffer,ent rates. Further,
different pin dBeludesachute 4 sigedio TRegive 3, 3ack ofmultivel platesstdarranged anee
included with inde eo?q?ﬁéel?ystens whi ch are assenbl ed together to formthe
system For i nFEhiR €, irst pin carriage 162A and the second pin _
carriage 15 162B canTheplafqbitissthtioral STl Ricludeaplate 16WbitEmeshi@Thand t he
third pin carriage 162Cpcan be Tncluded in a drop formation system 32.
Crystal formatishowndwhich chatbecngaged o loveenamuitiwelh platedidogs thobottdma of remat i on

of crystalsg, In a preferred emhodj npnt, crystals are detected.an raded in
the var| ogiZ\A/slslt%"kaﬂm &3@%{55%%5‘% “??tf?@ﬁ?y‘s%i’%a&;ﬁ%ﬂ%?ﬁﬂz “by 20
an automat e i R0l plat€34 love Bk 14! abama
manuf act ur es c%s@ﬁﬁ%ﬁ?ﬂﬁl ch n%y %g used torcautn(t)nate?l%tﬁe scoring of
crystal formatiThe clé@rastetetwizadhapiateaowehi2 andsheplateatrackd 4Us enlough foer f or ned
crystallization trials where various nother I@iélﬁuor are screened for their

ability to crydbeplatyEanspon agsegbly 19 tenspart tie glwqiﬂ,glagq%koaqq.mcg%tpéhe trials
frequently i ncgoﬁgﬁit%ﬁgﬁﬁroﬁ?ggﬁru%& thé;{4v9e%§ 2B YinRAGted Ene e JANDREYEENS:

Wil e the noth S us for t finé“screens ar en dependent on
the resul t §50f i 8@ 33MasBéen tiaRSpoted TRm bértudithe tovad SRoplatdhe coarse
screen can be standard for each crystallization trial. Wen the nother
| i quors are usddwenng meshani¢s can bprererngaged saa pew multiwell platecihatdhe scr een

preferably congists of .the 15 sub-screens |i.st in . Taple 1. The nber of
not her | i quor 55'102‘8% tﬁelcﬁ“tggéllfg%@gg?d;%of}é’pi&ga?lf g{)'eg“faﬁ‘ser ngé{i 40
The conpositio : : i i ; ens is
[sted |n Fi gungRyns FRHRRLY Bl houd el el B1a6a 38 R skl m Rty ot e
obt ai ned from Haotiptmiitiweld phatecIv arf the piateraadii iy die méathes liquonidelivery isydtemt r at ed

in Table 1, a total of 480 nother qu]gorz are associated 5 wiith the :
sub- screendOof 3lHeAngresess magy well plateg &t withioptan opseatorgmamially quors are

i ncluded in thepocé%ﬁ%&%ﬁ%ﬁ%gaggﬁegﬁn%rg&g?l' é&;& o ef erably includes 48

wel |'s, the coarse scCreen can processing only 10 pl ates

through the system The plaRloadikiestatitir B éettseasitnaiaptedinforacpla@s424 or 48
mot her |iquors. Accordingly, each plate can include fromone to _two

sub- screens. 10utfoaeiing station beepantingrthe plateowering mgchaniosriy severses cihéen | 4815
Crystal screen 1148Gid ammoni um sul f at.e i 4G i,d.,sqdi u

Ghi or | de24Gr | d TPEBOBRTATR et AERAME A e PETRLb MO A 0P m
phosphat e 34 PEGERront RS NRICI4PAH 4306d & the SGEIESIARINRICET S18RE 35CT een

| 2425 Detergent screen I124Detergent screen |1124Cryo screend48Low ionic
strengt h scr eerstered withis theathuteltd. not her |i quors used for the coarse -screen
can be stored in one_or npre of the, not | quor, st r?ggarba Ks. HI? ver,

er |
t he number of 41 nE‘tgH‘@r“q:ilHHB’i’tﬁs%\mfcq?gFrﬁ? StaLog FoPf I539RE 99 i ne
screens is lar : tihe ' R tical.
Accor di ngl y. |t AS POSSBE ADRkei Y B FR, ok 130 helbRl A rhadll 78 B A e
screen not her |toGifd thefplagtasiotkataalangieoviticlapermitshissbatebde/ radert J6etm i nt o t he
wells of a plate. Alternatively, one or 5 nore external systenms ¢can be used

to create e freadader ewsls 4mnrmultivgllnlate B4 omthe platgdrack dftuAissiesceried t o
del i th th | i nto.th lJ . h
bl at o5 can-t nerasdey st Edods D e AE A uhliviak 1R EaPbehERuaed P00 ¢

used to formand deliver fine screen nother |iquors, the system control

| ogic needs to override the nother |iquor delivery 10 station in order to
avoi d doubling up on the delivery of nother liquor into the wells of a
plate. As a result, the systemcontrol [0gic nust be inforned when a plate
whi ch already has nother liquor is in the system An operator can use a
user interface to informthe systemcontrol |ogic which one of the plates
al ready has nother liquors delivered into the wells. Alternatively, an
operator use a 15 plate having a bar code which indicates that nother
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The systen1described above was used in a crystallization trial where the
not her liquor for crystallizing | ysozynme was optimzed. . During the coarse
screen, 480 crystallization experinents were perfornmed using each of the

B per ment s o £ b b e R Rk M SRSttt |7 *°
5 experinents | n

tallizat - . . y _ h |
Char act er { ot oo Ry Fep oK By thy By SR 1l b I el SBhuc RA B ©

associ ated wi t heode witheparticujaomultiwelbplag 38 andOWRDp4rticular characteristics of
2-met hyl -2, 4-pent anedi ol ), 100 nM sodi um acetate, 20 nmM cal ci um chl ori de,
at pH 4.6. 10 A muitiwelbplatedde Suitpbleicharagteristicsipglude, tuk aretnag dinitqsdo; thent s

was then perforned. The conposjtion.of .t ther |igquog associ.ated with
each of the>24 f@r@j%?&?ﬁ@ﬁ?mh&%@w%ﬁ%‘&gs §&P %e#tﬁﬁl“‘f?]is\%l?ﬁ"et he
conposi tion,of iwal f1&k 34! WH&R llatved pltd ba ' Y agse
screen experi mxh?ﬁ%eﬂ]conposi ti %I?gé%ﬂt he 54 ém)t %de&ﬁqeigiﬁ%gétélcggﬁrggt Eetg for
the crystallizati on The ehapeetarivies of adfuitiveell plate Fceandse adndnistratieslyi n Fi gure
11. The concentrations of certain_ conponents in each of the 24 nother

li quors mat checentéred dberderforindiran informationsabayhihs rawtiwe]l plata 34itadhe i f i ed

' For 4 , her .il.i iated with

Che tdenti {1 od VoL ERED! g SATLANES, o L FRENEL MR RER G °C 0 o

the fine sqpeendektyfing darticildr dbtRerR{vidsatbe deﬁb&ca%tabhr@hm#wéﬂ%swﬁfazand
e.

100 mM sodi um acet a The concentrations of other conponents in the 24
mot her | i quor s multiwellaplate 34 oFerther, ifangperdtorisesan extpmsbmdthodgo delivant r at i on

of these same conponegnts jn the identifjed cparse screen experipent. For

i nst ance, the cha@é’n 1quy W@FW?B%‘%%W&?%P%? Sehcahigdicatent i f i ed
coarse screen lﬂnggljJF [ Uarijoﬁ:' s o i e 24

not her quuors%@ﬁéi a ?Bp‘%%\é%gﬁ\é\%sg%agg?n t eg’llmg‘ger{t%llqﬁdgggy%gg?&s@ screen
crystal | i zati orpresepein the niellp 88 of\thie rraltinedl glate 3¥ithe sysiern.conirdl logi ¢it not her

liquors. Each of the 24 fine screen crystallization_ experiments were
conpar ed t d5onevariderapthenliquid deliveyy station irporser toaveiddsliverningadditiopal

experiments yiel ding. ' char istics. 43 The

f oregoi ng exanﬁp@@éﬁ%@ﬂ%&@&};ﬁ?ﬁ%ﬂf§¥ﬁ%ﬁ%§lgﬂ@(ﬁ§%§gdi ments of the present
i nvention are provi dgga bltiwélEplatd Pmesesthrugh'thé hdthep Tiqaddélnesy i ption.
The exanpl es and preferred enbodi nents, however, are not intended to be
exhaustive or tsystemdh, theirop foreation systemt32candrordhmoagh trensy8allizatiéros ed.

pract i t1 oner's. SURPRCAD: i SHATRSIeAPHES SPARE IR0 SAIHEn AL oK 44 Fhnc
practitioners J : n

descri bed LR order [ L C . | Lon and its
practi cal ggpl i(%gito Po&, Qfﬁégxggglbgﬁg %)lggeéﬂ %%ﬁ%él@!)@é#{)%%?fonﬂe@ %g{}c&i‘%t to

under st and t he dhanging s@tusfofthestuitionet] slaledd. IFonesarapld, the ishstemy dontsl logic

nodi fications as are suited to the particular use 10 contenplated. It is

i ntended that tde8 neteowkengnothreliquor fias pesn addedcariwhen dsgps haverbsen doimeg- cl ai ns

and their equival ent.l*sl'gur%slf])zﬁlugéatg’so a leélaling medium station 22. The sealing medium

=

station 22 includes a sealing member 60 suspended over the plate track 14 at a
25  height which permits multiwell plates 34 to be moved under the sealing member
60. The sealing member 60 includes a sealing surface 62 with a plurality of
sealing medium injectors 64 arranged so each sealing medium injector can be
concurrently aligned with a well 38 in each multiwell plate 34. 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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What is claimed is: 5 1. A nmethod for perform ng array

m crocrystallizations to determne suitable crystallization conditions for
a nol ecul e, the nethod conprising: formng an array of

m crocrystal lizations, each rricrocrystal lization conprising 10 a drop

rray and a ot ERa kL se Ml RS ERR ST SHeHER? faa ot theseaing ss

than 1 uL; stor ngiunhijettdrag40f m crocrystallizations .under conditions
suitabl e for nolecul e crystals to formin the drops in the array; and 15
det ecting nol ecul e c@%ﬁ@ﬂmgmméﬁcmb& bmxpthdupxha&uaﬁhﬁ‘oﬂﬁid@m@tﬁscord' ng

to claiml1l wherein the gﬁulle I S mac | ecul e, 20 3. The net hod
according to cl SfaHne I’ng%é relgitveds) “aaﬂ“!ﬂ‘ﬁ?lhplalﬁ 34rhEhewsaling
according taogclaj ggne[? pol vve ht of at
| east 500 da to%ismb%ggg e rrgﬁ g%lvg{: {r%oj g paifale e drop
has a vol ume of tﬂm“tshmleammrhé’s&lmgmd&;beibecmmb@ﬁeﬁﬁﬁﬂat‘éaweﬁgyc' aim 1
wherein the drop has a volune of |ess than about 500 nL. 30 45

met hod accor di neglativede amultiwolhplate 34 asiblustratgd byathe arrowis ahelaf Bl Saﬁahlban

about 250 nL. 8. The nethod accord claim 1l wherei e,.drop has a
vol ume of 5 . bATHEEH "&%‘6‘%{’ byta{g no laixgﬁecﬂ’@, prpumatic p F%?%By‘i@%? BiS18St o clai m

1 wherein the dpQpelb@scalyd@ivélendtbrsbet ween about 1 nL - 500 nL. 10 10. The
met hod according to clai m 1 wherein the drop has a volunme of between about
1-nL - 250 1. 11. Theopvaitimnabfalmsmﬁmmmemunrﬂtammm tﬁh&;ﬂ&ﬂemﬂnbpomel I's

i ncl ude | ess than apout 500 uL o uor sgl ution. ' 12. The

met hod accordl n@ssﬁ’é by teansports aapitive t %te P-‘ﬂ% alpﬁélfﬂeﬂé"heé%ﬂlet%%m ¥sut 250
utL of mot her %ulﬁﬁ% &%@?41%3 E%oﬁ%{&%@a@ﬂ% sreg.ixﬂgpeﬁg%l%?djénctég erein

the wells |nclu §PE8 1 'ons having onent s

which are vari eghkdalihg niehfbeiﬂﬁ(b i%Mow&x‘J:d ubfiFtheBddliag safe&y 68 1n lcBn@kwith 1
wherein the wells include nother uor solutions having at |east 5

conponent s whi cﬁearpper\pdgd: 49 Of\lhchwilst B@nethq: apltiveed] plate 3Ah Benatismtiie aetlsr di ng

I 1 d h
i or oryst i | 738 Poe el peteid 18 ighesvi g SEaingimeiom iniesious 4 ne
array includes gdSatRs démara%ﬁanvdmséeaﬁﬁé !nbﬁa%%f 60)3he §,9pe4@dge46 of The

met hod according to claim1 wherein formng the array o
m crocrystal | i zeachoved! 38renkircles a sealing nypdam enjectdra Ond8 the seating surfadeofBsist o

form the  in contact with the upper edges 40 of the wells 38, the sealing member 60 is
laterally translated. The lateral translation causes the sealing member 60 to
20  follow a circular path along an edge of the well 38, although other paths may
also be used depending on the geometry of the wells 38.. This lateral translation
transfers the sealing medium delivered to the sealing surface 62 to the upper
- edge 40 of each-well 38.
The amount of sealing medium transferred to the upper edge 40 of each
25  well 38 depends on the amount of sealing medium present on the sealing surface
62 adjacent to the sealing medium injectors 64. The amount of sealing medium
delivered to the upper edges 40 of the wells 38 should 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.
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not her |iquor solutions used in the array. 5 18. The nethod according to
claim1 wherein formng the array of mcrocrystallizations includes using
greater than 96 stock solutions to formthe nother |iquor solutions used in
the array. 19. The nethod according to claim1 wherein formng the array of
10 mi crocrystalli zatlt smotedinlregiad totHerngalingeaediun ftatior 92 tisit drkstRidnUhayons to
formthe nother ligyor solutions used is the array. 20. The nethod
according to clbgirsadiiy,adapied for wenvithyhangingdrep gy crystallizations as wekl a8 i ons

i ncl udes form the: dr within g.vol ran f_hess 15.than about 25
nL 21. The net %81 %@glgrfgﬁﬁar@%c Fﬁﬁfﬁa%%Pé?%gﬁé?ﬁ%@PﬁB?QPP&W}sf

m crocrystal l'i &agstaqnﬁaﬂoapwﬁmg%{t@wsﬁ&uam fokindibbetvedn theddyed srwiipnge of

| ess than about 20 nL. 20 22. The nethod according to claim 1 ‘wherein

f or m ng t heSar ang aspverskip orethst forin ofxovening mambgrwhichos placgd over this wpld
- within a vol um; range of |ess than about 15 nL. 25 23. A nethod for
performng arr § m crocrystallizations to determ ne suitable

crystal I'ization comi:i%ﬁ,@rz,g i5 Qlsicvigw GPﬁbﬁte dover @EE&HF@V&@&B% §h§8§iti&?édm ng
an array of mcrocrystallizations, each  mcrocrystallization conprising a
hangi ng drop caedjatértiaisate tapk N4 The gl coer 44 removdl aerion@driasiudésan vari es
wthin the array and a nolecule to be crystal]ized, the drop 30 having a
vol une of | ess catriage 68 ¢pnfigired tamove Nertically ag illagtrated by dhoawgw dabeledzat i ons

arr ay; "andtber dot FitpegpS BB ¥tk Srip Hefigpt A ey Bpiattyman " 1
met hod for perff%ﬂgﬂﬁﬁﬁg‘y%‘ga gg@qﬁ?@&ﬁ%& ERhAP RS iﬁ?{j‘gﬁhﬁwﬁ ne suitable

crystallization co or a nol ecu t he net conprising: formng
an array of m comamnidasiohiwiti a redeasatde vhcumrsanres sSuitdble edduam fittingri si ng a
sitting drop conprising a nofher |iquar %ol, uti on, whose conposition varies

within the arr &y but are petlimited ¢, subher fittings haying a qupshapeandiipcivdingng a

vol ume of | ess s Qr. . gl i zati ons under
" conditions sui ?3@?‘%“’%8?%‘%?’%& Xe{ﬂ:cér%glﬁléﬁklog éﬁ‘&%@ﬁﬁﬁ%&@cgm in the
array; andislet ecti n@uilgespetaionof theplafe@oer refidvalstatiéh 24,QREplafed 25. A

met hod for performng array mcrocrystallizations to determ ne suitable
crystal | i zat i otranspodt assenblyfmoves amollgineilplate B4 intetpasitionaept fosthe glate

cover removal station 24. If the multiwell plate 34 has a plate cover 44, the

~ carriage 68 is moved laterally until each of the vacuum fittings 70 are positioned
over the multiwell plate 34. The carriage 68 is lowered until at least a portion of
20  the vacuum fittings 70 are in contact with the plate cover 44. The vacuum
source is activated in order to immobilize the plate cover 44 relative to the
carriage 68. The carriage 68 is then raised to its original height. The vertical
motion of the carriage 68 lifts the plate cover 44 from the multiwell plate 34.
The carriage 68 is then moved laterally until the carriage 68 is positioned over a
25  plate cover storage component 72. The carriage 68 is lowered into the plate
| cover storage component 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 statiqn 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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formng a first array of mcrocrystallizations, each mcrocrystallization
conprising a drop conprising a nother |iquor solution whose conposition
varies within the array and a nolecule to be crystallized, the drop having
a 20 volune of less than 1 uL; storing the first array of

mcrocrystalli pawrcﬁmmmp@wnaﬁ@iaaﬁgbml@mcm 3 aultiwrlleplate d4cWhenad s t o

formin the drops,ip the array,. de ! | ecul e crystal formation in the
drops; forning ng _ 0 thg;ly%Qu%#§§%\Car@§{£‘a%ioyfrzr§mogﬁ@au@&@ﬁ apg a plate

m crocrystal l'i %g’é/éxf&li%%tétﬁin@, the 518 c608m 4 UsEd with =Y @&H'cevér%l%vm_ _
crystallized and a nothér |iquor solution whose conposition varies wWthin
the array and isatioaddctanbeahesame asmralifferehefromithe platesaivertsidd nsedisdt ther t he

first array in which nolecule crystals were detected; storing the second
array of m &ro@latecayaridehverystatighddr conditions 30 suitable for nol ecul e

crystals to formin 4. ' ; octi l e crystal
formation in the drOﬁdg&ej?gqgﬁﬁgfvff%o%@ﬁ%ﬁgrggg%r?%?lgg&tsgh%gﬁgk%ﬁ%? fnher ei n
drop is a hanginghel fuor 2/ delitefedTRiothe walls 98 O A gniltiwell plate 2£ THwemeiher dr op
is a sitting drop. 5 28. The nmethod according to claim25 wherein drops

fornmed in the digmondelivernstation 26 incluses apluralitycofdleliven shuttles 742 9Eachn
tus for fornj bmi croliter .d ' . 10
m or ocr yst al | | sRuRlselgderc GalivervePIek (6 Eennrsilio i Slobe block SHORYTSHs for a
lecule, t FIWLor ' L\ielibep! at
ol ecul € r‘}ggl Z’?R@QQE\}&?%BB@E ‘é@hﬂé%g}l%leﬂlvﬁﬁf Hb&k Wﬁséﬂ'@ C}? s ﬁl&%iﬂ/ergrz ate

IS positio ;. nother 11 quor p station capa renovi ng t her

liquor from a pledkalTstid aQhtems®dirsctivh refativertd the\wbdte tratlal £asitidsteleed betheng
submicroliter volunes of 15 nother |iquor to drop regions on the multiwell
plate within a amsvolebeled fgeSwitableiack argpatars inplyde, but argnoplinited &4l e dr op

station capable of deliveri ubm crolite |. f a solution

contai ning a noiPEYRARS Pﬁ%@’%@%@&Hlft(gj%sa‘-s‘rl&(’)elg%élggﬁg%rg'r egions within a C
volunme range of | esspibham@prRiideda thp viedblofiDdeliVesy BlRRIRTAL Apl@aLR ol Ng to
clai m 29 wherein the ther liquor drop station and the nolecul e drop

station ar d5eadimenp8bextend thieughtbe delivesy blrickr76 i Therlumens §2eare dividedy a
vol une range of | ess thapn about nL. 25 31, .The appagat according to
clai m 29 wher eilﬂtqqérs?réglﬁ’éﬂ g’l’°&_ﬂ§(r2 aﬂbgﬁegqnﬁlq%wegnggﬁng&ngffggé F*dPop
station are eagh GaRallayPhetdleh PEHAGvHP BAAHOHI R lealPOAP Rurtins RD1as 2

vol ume range of fess th out 15 nL e apparatus according to claim
29 wher ei n t he iNpétkesd ini Kigare 481 oPhSRntens 82 dn eachdeiveryrgrowr 84, 86drop st at i on

each include a piezoelectric valve or a o
' arranged on the delivery block 76 so each fluid injector 88 can be concurrently

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

25 Each fluid injector 88 is in fluid communication with a mother liquor
source. More than one fluid injector 88 can be in fluid communication with a
single mother liquor source. However, each fluid injector 88 is preferably in
fluid communication with a different mother liquor source. Figure 4H
illustrates a mother liquor delivery station 26 having five first delivery groups

30 84 and five second delivery groups 86 which each include 48 fluid injectors 88.
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solenoid valve. 49 3 3. An apparatus for form ng submcroliter hanging
drops on cover slips used in an array mcrocrystallization to determ ne
suitable crystallization conditions for a nol ecule, the apparatus
conprising: a platformopon ich anultiwell plate is positjqnable; a cover
slip station on W&‘i}"ﬁgbﬁgﬁ&}q o ligrorsoyeses F‘F"'d?q“a‘F"él‘ﬁ}éfé‘ian’é BectOmpt her
l'iquor drop staggean, ehriini I+ %t c.!tlﬁx' r plurality of
wel I's of the rruF?l V\BC@BSI@&C e an%ﬁggwg%rl ng{:bg’llijg{m crgllqlu{ﬂreérm\}/%r umes of not her

liquor to the plural iRigurefd] ¢ sidetiew sf winidthd? liqueniourd steragebaik 9efor t han 10
about 25 nL; and a_nol ecul e drop station caEab e of delivering
submicrol i ter vbpldingdifferent smatheriliguoreuress 92ndhe bamk 8@ inckides sougce

|1 Lity. | | i t hi | £l
i about 25, nhoidprsbgfangel il pafins aRE ik rey Enck BatiE BERBREA Ghm 1 ne
mot her |1 quor dhgl%a(szél oP%tﬁé?ﬁgﬁaJvaﬁtﬁ#E@ﬁWfﬁ@éﬁ%%&gﬁf&fﬁ@apab' €

of delivering su ol rter vol unes. In a volune range o ess than

about 20 nL. 35bank J0o prowideasasisaceessa thewother liguwirno@desdEbeing heldcby®t her
i quor drop 20 station and the nol ecule drop station are each capabl e of

del i vering subnbiogls souege haldarfds Whenmagh mujéweltplatesifhasiB wellss3& sagh about
15 nL. 36. Th t di ng .t . 33 wherein th t | i
drop stati on andurneanides s Pty nofhsiedhiRytd HOBRlhon Pwt Ofici i ver ' ng
25 submi crojq t e cVdUBLY, dagh 8bluhBdhtalRUS HOMEF Blud? Sodtbes?d WhHRh c3d eadii'®

apparatus according to claima33 wherein the nother |iquor drop station and
t he nol ecul e dr bpirsflaid cmmusicanhwitap differens fluitbinjeceori88gnsluded mrthé same

| | i gh i ire. 30 5 38. A
RN RO TN PR I
o r e 20 LSBT LSHIONS it 4 1, Ao s b 3

not her |iquor do@parsbe inchidedaddatiesiaé of ©IEPYite Gadd14)1€Thd mathef liflidSodrces
plurality of wells of the multiwell plate and delivering submcroliter

vol umes of ot h82 pbsitioned emong side ofithe plate wacki Isieandie in faudegmmupicatipn at e
within a volune e,of |less than out L;, a | ecul.e dr statio
capable of _del | VPGSR eroups Bl iititnst debide 30Ge Bafk pROR i tiRhi ng o
mol ecul e to be fayGHsBUbdes 98 positibh&l Gl the loPPostigidE 6£he Pratétrhdld 14 SarVBd 1HTE
range of |ess than about 25'nL.

fluid communication with the delivery groups 84, 86 on the opposing side of the

plate track 14.

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

25  particular delivery group 84, 86 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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39. The apparatus according to claim 38 wherein the nother |iquor drop
station and the nol ecule drop station are each capable of delivering 15
submicroliter volunmes within a volunme range of |ess than about 20 nL. 40.
The apparatus according to claim3 8 wherein the nother |[iquor drop station

and the nol ecul e droFigiuraid] dlusaites & sydingegjuaip fer déli\dﬁhémﬂhﬂgi@ubﬁ;bﬁxm' iter
vol umes within a volunme range of |ess than about 15 nL. 20 41. The

appar at us accor datherlisuer sguices§2iipteracwvell 3§ ef amukisvell platedd thraygh atfhiid on and
t he mol ecul e drop statg o re..each, capabl e of,deliverin bm croljter

vol unes. wi hi n E3gaptn o LGRS B SebtRiceT e S W At hod 1 or
formng subm cr olieiisF 88li e PliuilSendile &6) Pe Mid EbhRTeS iblulqral T on 1o

determ ne suitabl’e crystallization conditions for a nolec he met hod
conprising: $lel cummunication avithl asyainge 98 pbsitioned betwgennise mther liqaorsourtee r ange
of less than abqut 25 nL subm crol i,hger vol unes of nother |iquor solutions
whose 30 conposP2iadfdheBuid igeetas 38.¢ YaRlP‘aﬁf’Vl';HHhSiynn&?ellqo\ﬁ@ﬂihqg to the

plurality of drg ' ) ' I ) | ining a
nol ecul e to be ﬁ?@%k@@?ﬁﬁsﬁ %J_’daé@(r)af%éréeagr angeICS% yﬁ@é%&éﬁgﬁ&gﬁ& 25 nL;
wherein a total Afﬂ}#?ﬁﬁcﬁfbaﬁmi§gbsm6ﬁsaldﬂﬁmyalswwmmgeqwaﬁdeach 5

drop region is less than 1 uL. 43. The nethod according to claim42 wherein

t he subni crol i t second|pimehsbad $06 isositioned emamowtpesidecafitomsyringed 8. {lhan about
750 nL. 10 44. The nethod cording tq cl aim 42 wherei.,n, the subm croliter
vol unes del 1Q/er§BSttR5nﬁi‘;h?ﬁlng‘Ef{g‘éég‘iﬂ‘?8i q%é’égl‘f%%rﬁcaweﬂ%@@fﬁegr ' The
nmet hod accordin o] ' 2 ' UL i 0 Shogld vered to
each drop regi ogllé'shﬂé%s tﬁjﬁh‘é’?ﬁ%}%%ﬁ%f(}%m-&}{l% 46.8{ ﬁsétlmat H%% a%coslrtdi ng to
cl ai m 42 wher ei pirichebas Udrhay pihdhied thevibhid wasduited6 shat erdthiednmea cidedsfeiderafgi on i s
bet ween about 1 nL - 750 nL. 47. The, met hod according,to claimd42 wherein

the submicrolit&e %inﬂﬁﬁglﬂﬂ@edél@“ﬁéﬂ?&ftt@ vaese W%ﬁ%‘ﬁ}?bﬁg‘“ﬁ@%-v@% about
L7 200 1L S TR R 60 A0 MBS R 06 |,

submi-croliter v el'ive 0 €a r region

250 nL. 25 f9. hhepiehdiote AaRDIoNHNg 96 shitlonithe ditpiitiedecifiihé BrirpebIgoxigld t er
vol unmes delivered {)o each drop region is within a volune range of |ess than

about 20 nL. 50themmwputsidend thesyzinge 408 remainsunebstrucigde rBherrockes banbhd ezl i ter
ol umes delivered to each drop region I ithin a vyol range of |e t han
Zbot 15 nlL. - 3008 BOmARERAGHOrG P 15 AR Ser peERs B G E e on
cover slips 52 Héé}{ox&'%eieaBan array mcrocrystallization to determ ne

suitable crystallization conditions for a nolecule, the nmethod conprising:
taking a plurality ofDuringespetatips pf the syringe pump, the rocker bar 110 occupies the

20  first position and the volume within the syringe 100 is expanded by the amount
of mother liquor to be delivered into a well 38 from the ﬂﬁid injector 88.
Because the fluid conduit 96 on the output side of the syringe 108 is pinched
closed, the expansion of the volume within the syringe 100 by a particular
amount causes that particular amount to be withdrawn from the mother liquor

25  source 92. The rocker bar 110 is then moved to the second position and the
volume within the syringe 100 compressed by the amount of mother liquor to be
delivered into the well 38 through the fluid injector 88. Because the fluid
conduit 96 on the input side of the syringe 104 is closed, the compression of the
volume within the syringe 100 by the particular amount causes that particular

30 amount to flow through the fluid injector 88 and into the associated well 38.
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removi ng nother liquor froma plurality of wells of a multiwell plate;

delivering submcroliter volunes of the nother liquor to the plurality of

coverslips within a volune range of |ess than about 25 nL; and delivering

subm croliter volunes of a solution containing a nolecule to be

crystal lized to the Bhesmather liqedr debverysestian digeussed abovelisifar iHestgtivef | ess

t han about 25 nL; 10 vmps,rei n a tot.a{i vol une le tge subm cr ol iﬁgr .vol unes
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& " 10%& () - &3| Wl Qe dabeléd BYE He)pipettelithders)122 ddierhiOPaRige bf moliof@&lldws ~ QdEeZ;
05

3" 6109&' ()-4109%& ()- 3109& ()-F1109%& ()- s/ SL0%& ()-3-109& ()- CkbCF
&10%4| & () - AF the pipette holder 122 to move to a variety of positions including a position over

the coverslip storage component 120 and several positions over the plate track
14. The drop formation station 28 also includes a molecule delivery pipette 126

15  which is configured to move vertically as indicated by the arrow labeled F,
laterally as indicated by the arrow labeled G and longitudinally as indicated by
the arrow labeled H. The longitudinal and lateral ranges of motion allow the
molecule delivery pipette 126 to be moved to a variety of positions including a
position over each molecule solution well and a plurality of positiohs over the

20  coverslip holder 124, .

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

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

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

38 in the column.
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5 These drops are delivered from the pipette 130 until a desired total volume is
delivered from the pipette 130. Suitable valves 132 include, but are not limited
to, piezoelectric valves and solenoid valves which can be configured to deliver
drops as small as 380 pL. This allows production of mother liquor drops as
small as 380 pL. Further reduction in the drop size delivered by these pipettes
10 130 may also be possible, would be desired, and is intended to fall within the
scope of the present invention.
| The pipette arrangement used for the molecule delivery pipette 126 is
similar to the pipette arrangement used for the pipettes 130 within the pipette
holder 122. Accordingly, the molecule delivery pipette 126 also includes a
15 valve 132 and a conduit 134 extending from the valve 132 to a syringe pump
118. The molecule delivery pipette 126 is able to produce molecule solution
drops as small as 380 pL. Further reduction in the drop size delivered may also
~ be possible, would be desired, and is intended to fall within the scope of the
present invention. |
20 .F_igure 5D is a sideview of a coverslip holder 124. The coverslip holder
124 includes a frame 136 which supports a plurality of support cups 138 shaped
to removably hold coverslips at a spacing which approximates the spacing
between the wells 38 in a column of the muitiwell plate 34. This spacing
permits each cdverslip to be concurrently aligned with a different well 38 in a
25  column of the multiwell plate 34.

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

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

attachment mechanisms 140 include, but are not limited to, a vacuum source in
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138. Pulling a vacuum through the vacuum ports serves.to keep the coverslips
in place on the coverslip holder 124. However, when the coverslip holder 124
is inverted, the vacuum can be released by disengaging the vacuum source or

5  reversing the vacuum. The release of the vacuum releases the coverslips from
the coverslip holder 124, |

Figure 5E is a sideview of a coverslip storage component 120 which

includes a plurality of magazines 142 sized to hold coverslips 144 stacked on
top of one another. The stack of coverslips 144 within the magazine 142 can be

10  biased upward until the coverslip 144 on the top of the staék is near the top of
the magazine 142. The spacing between the magazines 142 approximates the
spacing between the support cups 138 of the coverslip holder 124. This spacing
permits each magazine 142 to be concurrently aligned with a different support
cup 138 of the coverslip holder 124. Accordingly, a coverslip 144 from each

15 magazine 142 can also be aligned with a different sﬁpport cup 138.

Figures 6A-6I illustrate a method for operating the drop formation
station 28 to form hanging drops in each of the wells 38 of a multiwell plate 34.
The figures are described with respect to crystallization of a protein, however,
the same method can be used for crystallization of other types of molecules.

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

.25  positioned to the opposing side of the plate track 14.
* Figure 6B illustrates a multiwell plate 34 moved into position for drop
formation and the pipette holder 122 moved into position over the wash basin
112 for priming of the pipettes 130. The pipette holder 122 is lowered until the
pipette tips are within a cleansing solutions within the wash basin 112.
30 Cleansing fluid is aspirated 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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Figure 6C illustrates the pipette holder 122 moved into position over a
5 column'of wells 38 in the plate 34. The pipette holder 122 is positioned so each
pipette tip is aligned with a different well 38 in the column. Accordingly, each
pipette 130 is associated with a particular well 38. The pipette holder 122 is
lowered until each pipette tip is positioned within the mother liquor in the
‘ associated well 38. A portion of the mother liquor is aspirated from each well
10 38 associated with a pipette tip. The actuators then lift the pipettes 130 upward
to remove the pipette tips from the wells 38. A portion of the aspirated mother
liquors are tHen expelled from each pipetté 130. The expelled mother liquors
fall back into the associated well 38.
Figure 6D illustrates the pipette holder 122 moved over the coverslip
15  holder 124 and is positioned so each pipette tip is aligned with a different
support cup 138. The support cups 138 are each holding a coverslip 144 upside
down and the attachment mechanism 140 is engaged to immobilize the
coverslips 144 relative to the support cups 138. One or more drops of mdther
liquor is expelled from each pipette 130 onto the associated coverslips 144. As
20  aresult, one more drops of the mother liquor from a particular well 38 is
delivered onto a particular coverslip 144. . |
The drops of mother liquor are expelled onto the coverslips 144 until a
desired volume of mother liquor has been delivered onto each coverslip 144, |
The total volume of the drops delivered onto thé coverslips 144 is strictly
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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which was illustrated in Figure 6A. The molecule delivery pipette 126 is moved
5  into position over a coverslip 144. Before being moved into position over the

coverslip 144, 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 position over the coverslip 144, drops of
the molecule solution are delivered onto the mother liquor which was previousty

10  delivered onto the coverslip 144. The drops of molecule solution are delivered
until a desired volume of molecule solution is achieved on the coverslip 144.
The precision of the volumes delivered is preferably less than about 25 nL,
more preferably less than 20 nL, more preferably less than 15 nL, and most
preferably less than 10 nL. The precision of the volumes delivered may also be

15 between 2 and 25 nL, more preferably between 2 and 20 nL, more preferably
between 2 and 15 nL, and most preferably between 2 and 10 nL.

The mother liquor drops and the protein drops may be delivered in any

“order. Once both drops are delivered, the drops combine to form a hanging

drop to be studied for crystal formation. |

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

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 the column. Specifically, a given
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upper edges 40 of the associated wells 38. The sealing medium which was

5  previously applied to the upper edge 40 of the wells 38 causes a seal t6 be
formed between the covefslips 144 and the upper edges 40 of the associated
wells 38. The attachment mechanism 140 is released and the coverslip holder
124 is raised to leave each coverslip 144 in place over an associated well 38.
The hanging drop hangs from the coverslips 144 into the wells 38 as illustrated

10  in Figure 6G. '
~ Figure 6H illustrates the coverslip holder 124 moved into position over
the coverslip storage component 120. The coverslip holder 124 is positioned so
each support cup 138 is aligned with a magazine 142 in the coverslip storage
component 120. Accordingly, each support cup 138 is associated with the top
15  coverslip 144 in each magazine 142. The coverslip holder 124 is lowered until
each support cup 138 contacts a coverslip 144 within the associated magazine
" 142. The attachment mechanism 140 is engaged to immobilize the contacted
coverslips 144 relative to the associated support cups 138.
Figure 6l illustrates the coverslip holder 124 returned to its rest position.
20 The top coverslip 144 from each magazine 142 discussed with respect to Figure
6G is attached to the associated support cup 138.

The steps described with respect to F igures 6A-6] result in a hanging
drop being formed in each well 38 of a single column of wells 38. These steps
are repeated unt{l a hanging drop is formed in the wells 38 of each column of

25  the multiwell plate 34. Once a hanging drop is formed in each of the wells 38,
the multiwell plate 34 can be moved to the next station.

The crystallization system 10 described above can be adapted to form
sitting drops. This adaptation can be made with changes to the mother liquor
delivery station 26 and the drop formation station 28. For instance, the mother

30 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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, 109%Z&' () - Specifically, the fluid injectors 88 of the mother liquor delivery station 26 must
be aligned with the well regions 41 before the mother liquor is delivered into the
wells 38 of the multiwell plate 34. This alignment permits delivery of the

5  mother liquors into the well region 41 of each well 38 without delivering the
mother liquors onto the sitting drop region 42 of each well 38.
Adapting the crystallization system 10 to form sitting drops also
includes adapting the drop formation station 28 to form sitting drops. The drop
, formation station 28 can include each of the components illustrated in Figure
10 5A-5E arranged with the same spatial relationships illustrated in Figures SA-5E.
However, the method of operating these components varies from the method
illustrated in Figures 6A-61. Figures 7A-7G illustrate a method for operating
the drop formation station 28 to form sitting drops in each well 38 of a
multiwell plate 34 adapted to perform a sitting drop array nucrocrystalhzatxon
15 . The figures are described with respect to crystalhzauon of a protein,
however, the same method can be used for crystallization of other types of
molecules. Figure 7A illustrates the drop formation station 28 in the same rest
~ position illustrated in Figure 6A. Figure 7B illustrates a multiwell plate 34
adapted to perform a sitting drop array microcrystallization moved into position
20  for sitting drop formation. Accordingly, each well 38 in the multiwell plate 34
includes a well region 41 adjacent to a sitting drop region. 42. Figure 7B also
illustrates the pipette holder 122 moved into position over the wash basin 112
for priming of'the pipettes. The pipettes are 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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wells 38. A portion of the aspirated mother liquors are then expelled from each
pipette. The expelled mother liquors fall back into the associated well regions
5 4l
The pipette holder 122 is then moved so each pipette tip is aligned with
the sitting drop region 42 in a different well 38 in the column as illustrated in
Figure 7E. One or more drops of mother liquor is expelled from each pipette
onto the associated sitting drop region 42. Asa result, one more drops of the
10  mother liquor from a particular well region 41 is delivered onto the sitting drop
region 42 of the same well 38. The drops of mother liquor are expelled onto the
sitting drop region 42 until a desired volume.of mother liquor has been
delivered onto each sitting drop region 42. The total volume Iof the drops
delivered onto the coverslips 144 is strictly controlled. As discussed previously,
15  afeature 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 preferably less than 15 nL, and
20  most preferably less than 10 nL. The precision of the volumes delivered may
also be between 380pL and 25 nL, more preferably between 380pL and 20 nL,
more preferably between 380pL and 15 nL, and most preferably between 380pL
and 10 nL.
Figure 7F illustrates the pipette holder 122 returned to the rest position
25  which was illustrated in Figure 7A. The molecule delivery pipette 126 is moved
into position over a sitting drop region 42 in a well 38 of the column. Before
being moved into position over the well 38, the molecule delivery pipette 126
was lowered into a particular molecule solution well and a volume of the
molecule solution aspirated. Once the molecule delivery pipette 126 is in
30 position over the sitting drop region 42, drops of the molecule solution are

. delivered onto the mother liquor which was previously delivered onto the
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380 pL and 25 nL, more preferably between 380 pL and 20 nL, more preferably
between 380 pL and 15 nL, and most preferably between 380 pL and 10 nL.
The mother liquor drops and the protein drops may be delivered in any
order. Once both drops are delivered, the drops combine to form a sitting drop
10  to be studied for crystal formation. Figure 7G illustrat.es a sitting drops formed
on the sitting drop region 42 of a well 38. After forming the sitting drop on the
sitting drop region 42, the molecule delivery pipette 126 proceeds to the sitting
drop region 42 in the next well 38 until a sitting drop is formed in each well 38
of rthe column. The molecule delivery pipette 126 then returns to the position
15  over the molecule solution well which was the source for the molecule solution
used to create the sitting drops. The molecule solution remaining in the
molecule delivery pipette 126 is expelled into the molecule solution well.
After formation of the sitting drop, the coverslips 144 are positioned
over the wells 38 having sitting drops, new cover slips are loaded onto the
20  coverslip holder 124 and the drop formation station 28 is returned to the rest
position as described above with respect to Figure 6F-61. |
The steps described with respect to Figures 7A-7G result in a sitting
drop being formed in each well 38 of a single column of wells 38. These steps
are repeated until a hanging drop is fbrmed in the wells 38 of each column of
25  the multiwell plate 34. Once a hanging drop is formed in each of the wells 38,
| the multiwell plate 34 can be 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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plate track 14 for transporting multiwell plates 34 between the above stations

12. Figures 8A and 8B are sideviews of a plate track 14 looking down the

longitudinal axis of the plate track 14. The plate track 14 includes two spaced

10 apart plate supports 158. A pin 160 extends upward from a pin carriage 162
positioned beneath the plate track 14. The carriage includes mechanics which
can be actuated to extend the pin 160 above the plate track 14 as illustrated in
Figure 8A or to withdraw the pin 160 below the plate track 14 as illustrated in
Figure 8B.

15 Figure 8C is a lateral sideview of a plate track 14 and transport assembly
with a plurality of multiwell plates 34 present on the plate track 14. The |
transport assembly includes a first pin carriage 162A, a second pin carriage
162B and a third pin carriage 162C. Each of the pin carriages 162A, 162B,
162C is configured to move along the longitudinal axis of the plate track 14 as

20  illustrated by the arrows labeled A, B and C. The brackets at the ends of the
arrows indicate the range of motion of each pin carriage 162A, 162B, 162C.

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

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

Each pin 160 is illustrated in the extended position, however, the pins in
one pin carriage 162 can be withdrawn while the pins 160 in another pin
carriage 162 are extended. In another embodiment, a portion of the 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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5 ' 162B, 162C can be moved along the longitudinal axis of the plate track 14
without moving multiwell plate 34 on the plate track 14. When the pin 160 is
extended and the pin carriage 162 is moved along the lbngitudinal axis o'f the
pléte track 14, the pin 160 pushes any multiwell plate 34 obstructing the pin's
~ travel along the longitudinal axis of the plate track 14.

10 As described above, the plate transport assembly is used to transport the
multiwell plates 34 from station to station along the plate track 14. Various
positions along the plate track 14 can be associated with a particular station of
the crystallization system'lo. For instance, when a multiwell plate 34 is located
at position P,, a bar code on the multiwell plate 34 can be read by a bar code

15  station and when a multiwell plate 34 is located at poéition P,, a sealing medium
station 22 can be used to apply a sealing medium to the upper edge 40 of the
wells 38 of the multiwell plate 34. Further, when a multiwell plate 34 is
positioned at P,, the multiwell plate 34 can be positioned beneath one of the
delivery shuttles 74 of a mother liquor delivery station 26.

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

25  then moved to the left and the pins 160 extended above the plate track 14 as
illustrated in Figure 8C. The multiwell plate T, can then be moved from
positidn P, to position P, by moving the first pin carriage 162A to the right until
the multiwell plate T, is 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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& ()-8t 10%() -.szyé\t/gr(r[l \11) ége%zgde%%;ﬁfjégzw mu}tlwejﬂ plate 34 being processed through
the crystallization system 10. For instance, a first multiwell plate 34 can be
advanced from P, to P, while a second multiwell plate 34 remains in place at P,.
10  As aresult, when P,, P, and P, are each associated with different stations 12,
multiwell plates 34 can be processed through different stations 12 at different
rates. Further, different pin carriages 162 which make up a transport assembly
can be included with independent systems which are assembled together to form
the system. For instance, the first pin carriage 162A and the second pin carriage
15  162B can be included in a mother liquor deliver system and the third pin
carriage 162C can be included in a drop formation system 32.
Crystal formation can be detected by examining each drop for the
 formation of crystals. In a preferred embodiment, crystals are detected and
graded in the various wells for crystal quality. This méy be done manually or by
20  an automated device. Diversified Scientific, Inc. of Birmingham, Alabama
manufactures CRYSTALSCORE™ which may be used to automate the scoring
of crystal formation.
As desqribed above, the system can be used to performed crystallization
trials where various mother liquor are screened for their ability to crystallize a
25  protein of interest. The crystallization trials frequently include a coarse screen
followed by one or more fine screens. While the mother liquors used for the
fine screens are often dependent on the results of the coarse screen, the mother
liquors used for the coarse screen can be standard for each 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.

40



10 10<10%& ()-!pF& " !10%W R*R& ()-!1F& "1 10%& ()-!pF& "1 10% *& () -/ KDwX6dY7
10! S&9! 109&' ()-sS 10%r& ()-!SsS 10%& ()-!; 10%0Ond& ()-!S 109& ()-! X

109 ()-Duj = 10! S!'p! 109 ] & ()-m 10m 10m 10n®D; 10%v& ()-S/ 10%r& ()-! SS/
109% f & () - &9 10%C& ()-7 Lz[9] =

10! 'y" M 109&' () Tie Lofip&sitipn 'of MelBbtBer lquodidel&déd edthiof these sub-screens is

| 109%& ()-m f!109& é).-rrp}[<1: 1 10Z);10%& ()-!'tf/ @10%v& ()-:'kf/ @

109& ()-: & 109disted)in Figare 90ddothsr liquonsimvig (the lstgdeompasitionsicabe - &' () - 3

109658 ()-!f 1098, () - @L0%6& ().-! @ 109AMNE () - 1QZ 1 X9E= 1

102/3 12 %os/ev?' (1 2) -ZP %ﬁ%“?ﬁ“&%@ﬁ?iﬁ%&%&%@%g ﬁéf"%@m& () - 3! ~F! 109%&
- ~\ = 0, ' . - . p - . | n ! -

(12) G <10%6& ()-T.}1 <}/‘?§S~l\(lizlsﬁ14t§d in BB (3 othi 3048 fabitter bk Sreahsocihdd 10C

10Z1" ' 1 109&’ §) - Wwith the 3G84scréer(s) ofIthd prafétied codrisé rddi/dBifide-4801A0ME liuod S 10%

& ()-Y<x 1"{\= 1 10ZSs10%& ()- 10%& ()- 10 10

10<109&' ()- !t | yArainoluded in thejcparse seroq and.since gagly plate preferably includes 48

wells, the coarse screen can be performed by processing only 10 plates through
the system. Further, the sub-screens generally include 24 or 48 mother liquors.

Accordingly, each plate can include from one to two sub-screens.

10

TABLE1
Screen Number of mother liquors
Crystal screen I 48
15  Crystal screen II N 48
Grid ammonium sulfate 24
Grid MPD 24
Grid sodium chloride 24
Grid PEG6000 24
20  Grid PEG/lithium chioride 24
Sodium/potassium phosphate 24
PEG/ion screen 48
Membrane protein screen 48
~ Detergent screen I 24
25  Detergent screen 11 24
Detergent screen III 24
Cryo screen 48
Low ionic strength screen 24
30 Each of the mother liquors used for the coarse screen can be stored in

one or more of the mother liquor storage banks. However, the number of
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(1098& () - SCidBIade a fatldWBfich ¥orms the fine screen mother liquors from stock
solutions and then delivers them into the wells of a plate. Alternatively, one or
5 more external systems can be used to create the fine screen mother liquors from
stock solutions and to deli.ver these mother liquors into the wells of one or more
plates. These plates can then be processed through the system.
When an external system is used to form and deliver fine screen mother
liquors, the system control logic needs to override the mother liquor delivery
10 station in order to avoid doubling up on the delivery of mother liquor into the
wells of a plate. As a result, the system control logic must be informed when a
plate which already has mother liquor is in the system. An operator can use a
user interface to inform the system control logic which one of the plates already
has mother liquors delivered into the wells. Alternatively, an operator use a
15  plate having a bar code which indicates that mother liquors are already present

in the wells of the plate.

Example 1

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

25  illustrate crystal formed in hanging drops of 40 nL, 100 nL, 200 nL and 1000
nL. The cryStals were formed regardiess of the reduction in drop size. As a

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

Example 2
30
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screen, 480 crystallization experiments were performed using each of the 480
mother liquors disclosed in Figure 9. The results from each of the 480
5  experiments were compared to one another to identify one or more
crystallization experiments yielding crystals with the most desirable
characteristics. One of the identified coarse screen experiments was associated
with a mother liquor composed of 30% MPD (+/- 2-methyl-2,4-pentanediol),
100 mM sodium acetate, 20 mM calcium chloride, at pH 4.6.
10 A fine screen consisting of 24 crystallization experiments was then
performed. The composition of the mother liquors associated with each of the
24 crystallization experiments was selected relative to the composition of the
mother liquor associated with the identified coarse screen experiment. The
compositions of the 24 mother liquors selected for the crystallization
15  experiments of the fine screen are listed in Figure 1 1. The concentrations of
certain components 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 mather liquors for each of the fine screen crystallization experiments were
20 all about 30% MPD and 100 mM sodium acetate. The concentrations of other
components in the 24 mother liquors were varied over a range which
encompassed the concentration of these same components 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 crystallization experiment but was varied from 4.1 to 5.1 in the 24
mother liquors. |
Each of the 24 fine screen crystallization experiments were compared to
one another to identify the one or more erystallization experiments yielding the

30 most desirable characteristics.
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10 contemplated. It is intended that the scope of the invention be defined by the
following claims and their equivalents.
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forming an array of microcrystallizations, each microcrystallization
comprising
10 a drop comprising a mother liquor solution whose composition
varies within the array and a molecule to be crystallized, 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

15 detecting molecule crystal formation in the drops.
2. The method according to claim 1 wherein the molecule is a
macromolecule.

20 3. The method according to claim 1 wherein the molegule is a protein.
4. The method according to claim 1 wherein the macromolecule has a

molecular weight of at least 500 daltons.

25 S The method according to claim 1 wherein the drop has a volume of less
than about 750 nL.
6. The method according to claim 1 wherein the drop has a volume of less
than about 500 nL.

30
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8. The method according to claim 1 wherein the drop has a volume of

5. between about 1 nL. - 750 nL.

9. The method according to claim 1 wherein the drop has a volume of
between about 1 nL. - 500 nL.

10 10. The method according to claim 1 wherein the drop has a volume of
between about 1 nLL - 250 nL.

11. The method according to claim 1 wherein the wells include less than
about 500 uL of mother liquor solution.

15 o
12. The method according to claim 1 wherein the wells include less than

about 250 pL of mother liquor solution.

13. The method according to claim 1 wherein the wells include mother

20  liquor solutions having at least 4 components which are varied within the array.

14. The method according to claim 1 wherein the wells include mother

liquor solutions having at least 5 components which are varied within the array. -

25 15, The method according to claim 1 wherein the array includes greater
than 96 microcrystallizations.
16. The method according to claim 1 wherein the array includes greater

than 192 microcrystallizations.
30
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19. The method according to claim 1 wherein forming the array of
10  microcrystallizations includes using greater than 192 stock solutions to form the

mother liquor solutions used in the array.

20. The method according to claim 1 wherein forming the array of
microcrystallizations includes forming the drops within a volume range of less

15 than about 25 nL.

21. The method according to claim 1 wherein forming the array of
microcrystallizations includes forming the drops withina volume range of less
than about 20 nL.

20
22, The method according to claim 1 wherein forming the array of
microcrystallizations includes forming the drops within a volume range of less

than about 15 nL.

25 23. A method for performing array microcrystallizations to determine
suitable crystallization conditions for a molecule, the method comprising:
forming an array of microcrystallizations, each microcrystallization
comprising a hanging drop comprising a mother liquor solution whose
composition varies within the array and a molecule to be crystallized, the drop

30  having a volume of less than 1 uL;

47



10 109 [& ()-f fml0% & ()- a mM0% & ()-mf mO%& ()-mfsl0% & ()- f GLO%
& ()-ztttLuuuNv|[:NA4 10 f(10% & ()-f flYUdO0% & ()- f@ 10% & () -
ft9810%&' ()- ff10% & ()- f10% & () Nvvvwwwww| [ NA4 10 10 10 f f9;10% & () -

L 1 Y ol M R )
002705 I VB S 0 8

10X 10X f f<10%X & (detectidg boSiRcule toystal Soriiaftion & (he-drbps. 3109 & () - . YI0%GX
G& ()-{{IB|l||}|[:NA4 10 f &0 & ()-f f 109 & ()- f@O0%R & ()- f @O
&()- 1 10% & ()- f3 1092 & ()-}B}}~R~f~|[:NA4 10 f109%R & ()-f f 10%

101 (" 100R5e G 1 A BHRA B pritommingalY Bipiokiysliad ¥ i o o ()7
éo (()/‘;? & O-@f: Iyﬁl‘%ab"lg chysttiiEien&ohditiohs for %Mctﬁe {(the nietdd¥@bniprising: T S/ 1092
forming an array of microcrystallizations, each microcrystallization
comprising a sitting drop comprising a mother liquor solution whose
composition varies within the array and a2 molecule to be crystallized, the drop
10 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 drops.

15 25. A method for performing array microcrystallizations to determine
suitable crystallization conditions for a molecule, the method comprising:
forming a first array of microcrystallizations, each microcrystailization
comprising a drop comprising a mother liquor solution whose composition
varies within the array and a molecule to be crystallized, the drop having a
20  volume of less than 1 uL;
storing the first array of microcrystallizations under conditions suitable
for molecule crystals to form in the drops in the array;
detecting molecule crystal formation in the drops;
forming a second array of microcrystallizations, each
25  microcrystallization comprising a drop comprising a molecule to be crystallized
and a mother liquor solution whose composition varies within the array and is
based on one or more mother liquor solutions used in the first array in which
molecule crystals were detected; |
storing the second array of microcrystallizations under conditions
30 suitable for molecule crystals to form in the drops in the array; and

detecting molecule crystal formation in the drops.
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28. The method according to claim 25 wherein drops formed in the second

array have a volume of less than 1 pL.

29.  An apparatus for forming submicroliter drops in an array
10  microcrystallization to determine suitable crystallization conditions for a
molecule, the apparatus comprising:
C a platform on which a multiwell plate is positionable;.
a mother liquor drop station capable of rcméving mother liquor from a
plurality of v!gllf of the multiwell plate and delivering submicroliter volumes of
15  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
l: volume range of less than about 25 nL.
20 '
30.  The apparatus according to claim 29 wherein 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.

25 31.  The apparatus according to claim 29 wherein 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 nlL.
32.  The apparatus according to claim 29 wherein the mother liquor drop

30 station and the molecule drop station each include a piezoelectric valve or a

solenoid valve.
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conditions for a molecule, the apparatus comprising:

a platform on which a multiwell plate is positionable;

a cover slip station on which a plurality of coverslips are positionable;

a mother liquor drop station capable of removing mother liquor from a

10%E
& ()-

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

a molecule drop station capable of delivering submicroliter volumes of a

solution containing a molecule to be crystallized to the plurality of coverslips
within a volume range of less than about 25 nL.

34.  The apparatus according to claim 33 wherein the mother liquor drop
station and the molecule drdp station are each capable of delivering

submicroliter volumes within a volume range of less than about 20 nL.

35.  The apparatus according to claim 33 wherein 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.

36.  The apparatus according to claim 33 wherein the mother liquor drop
station and the molecule drop station are each capable of delivering

submicroliter volumes to at least four coverslips at a time.
37.  The apparatus according to claim 33 wherein the mother liquor drop

station and the molecule drop station are each capable of delivering

submicroliter volumes to at least eight coverslips at a time.
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molecule, the apparatus comprising:

a platform on which a multiwell plate is positionable;

5 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 sitting 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
10  solution containing a molecule to be crystallized to the sitting drop regions

within a volume range of less than about 25 nL.

39.  The apparatus according to claim 38 wherein the mother liquor drop
station and the molecule drop station are each capable of delivering

15  submicroliter volumes within a volume range of less than about 20 nL.

40.  The apparatus according to claim 38 wherein 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.

20
41.  The apparatus according to claim 38 wherein 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.

25 42. A method for forming submicroliter drops for use in an array
microcrystallization to determine suitable crystallization conditions for a
molecule, the method comprising:

delivering to a plurality of drop regions within a volume fange of less
than about 25 nL submicroliter volumes of mother liquor solutions whose

30 compositions vary within the array; and
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than about 25 nL;
wherein a total volume of the submicroliter volumes delivered to each

5 dropregionis less than 1 pL.

43, The method according to claim 42 wherein the submicroliter volumes

delivered to each drop region is less than about 750 nL.

16 44, The method according to claim 42 wherein the submicroliter volumes

delivered to each drop region is less than about 500 nL.

45, The method according to claim 42 wherein the submicroliter volumes

_ delivered to each drop region is less than about 250 nL.
15 | |
46. The method according to claim 42 wherein the submicroliter volumes

delivered to each drop region is between about 1 nL - 750 nL.

47. The method according to claim 42 wherein the submicroliter volumes

20  delivered to each drop region is between about 1 nL - 500 nL.

48. The method according to claim 42 wherein the submicroliter volumes

delivered to each drop region between about 1 nL - 250 nL.

25 49, The method according to claim 42 wherein the submicroliter volumes

delivered to each drop region is within a volume range of less than about 20 nL.

50. The method according to claim 42 wherein the submicroliter volumes
delivered to each drop region is within a volume range of less than about 15 nL.
30

51. A method for forming submicroliter hanging drops on cover slips
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10 wherein a total volume of the submicro_liter volumes delivered to each

coverslip is less than 1 pL.

52. A method for forming submicroliter sitting drops for use in an array
microcrystallization to determine suitable crystallization conditions for a
15  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
‘whose composition varies within the regions of ﬁe multiwell plate;'
delivering submicroliter volumes of the mother liquor solutions from the
20  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
be crystallized to the sitting drop regions within a volume range of less than
about 25 nL;

25 wherein a total volume of the submicroliter volumes delivered to each

sitting drop region is less than 1 pL.
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