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| NVENTI ON  Fiwbdoodsst he I nvention The present invention rel ?ﬂ}éﬁ?t 0 net hods
and apparatuses for crystallizing nolecules and, nore partic $PO1E!

met hods and appar at us t omat | h rystallization of nolecul es,
particul arly nmacronol mﬂoggﬁém% ﬁQ.R RERFORMING ARRAY at ed Art
Fast progress in the area of genogfIeRAER |q?ﬁ %sively gr owi ng

dat abases of information on gene%ﬁ%umﬁgg%% gﬁ ani sns by mappi ng,
15 sequenci ng and anal yzing their genones. Many genes that may be critical
for identifying peo I sed to certain diseases such as cancer have
been di scover ed aﬁﬁf{:ﬁéﬁsw THE INVENTHMN have been assmﬂﬂlﬁmwn“mmmwo
and/or in vivoc Recently, a new area of genom cs, functional HillWas
been devel oped, which involves a genone w de anal ysis of gene funetsson by
usi ng 20 i nf or mat iFg¢ld afchelIgeaeiohs from the genom ¢ anal ysis and expressing

the genes in various organi sms such as yeast. Functional genom cs has
generated inportant i nfliePesPRinyean mlates toimethodsand sppamatysas feer n of genes

by using high thr . r i n echpi que uch a ol i gonucl eoti de
chips for specifi%H%gﬁgénggmﬁgghsg%%§¥¥§p%ﬁ838§?ﬁﬁﬁ@&mggﬁﬁhﬁ@g§Wé Phg of
the network of i nagfoatiingfte c2pstillibWRAS tholicales, pArRMRHY $ERbiMecIdsaLaet gene
and ot her macronol ecules in the cell is also being expanded at an

unpr ecedent ed1@ at @ P1pteiBs.ng ef fici ent screeni ng methods such as the yeast
hybrid systens. One of the ultimte goals of these genone projects is the
devel opnent of efficacious therapeutics against protein's expressed by

di sease genes. Anmngq%ﬁdn%fpgw&duﬁﬂumB of drug di scovery and devel opnent,
structure-based drug devel opnent has beconme one of the nost inportant
approaches, thanks to Fastpragressin 2ecureanfgonsmiss hd@rovidadexpiosivelyr grpvitigy

advanci ng conput at,i.on techni.ques, It is | rec i zed that ,under st andin
of the detaried « hp8Reskf RERKHEERPn b strés P bimr R hed Siean R oY GrAEp R o1 o1 o
in rational disig gefieéinghs ARKRAGRER beriotel N Man R BOKR M Yoo e cAliSA f8 OVi des

a wel |l -defined ta(&%gt. in high thr_ougg‘i)ut drug screeni ng by using
conput er - ai ded doidentifyingpdopld predispsised torettrigidiseasss buchias sarer bave beers  of

protein in a high t. {. h O nts.a ajor bottleneck,.in such a
chain of genoni csdg’%‘%g&]u%%&}é%gﬁ@bo cri‘? %ﬁﬁ"g‘ﬁ%?‘ées%ﬁehﬁs(ﬁﬁe 1 Yee &ngrg’f
proteins are sol veiobRedentigya fiéw atedlof eHoaidthy fundiiéhal PERnii&C RAY He¥n DY USI Ng
mul ti-di mensi onal NMR 10 sggc'qroscopy on high-fiel d NVR machi nes for

smal | er proteins 6evelensdi which inkplves ageramnwile ahalysixof gape functiomby usjingphy
have been devgl ope including the free interface diffusion.nethod .
(Sar ermer P B ° itomatientin Maabe rom DeeBismys Mk and siainite be goes i

di ffusion in the kaigist@gisnsd @Ehﬁﬂy@ﬁt@ﬂ’uﬁ&ﬁdﬁﬁﬂ%eﬁw&%%heraﬁd ifng%&%?:)
Preparation and Analysis of Protein Crystals, 15 John WTey and Son, New
York, pp 82-127), infemmatiogaegarding thesxpressien pastern of geties| byousdig Might tramughput

145: 934-935). Present|. the hangi.n p..net hod..i.s .t.he. nost. comonly used
met hod for grow namn%g%}%ﬁmgﬁqsggclbw%oéxg??%:. ouds ehipsier SRESPESAN Y f or
protein crystals. highniRhsty Micréarfiye.PAR undeéthriny SFIhEndtWwotkedfinteRAbEHdsON IS
spotted on a cover 20 slip and suspended in a seal ed chanber which contains
a reservoir wtth Betieghapraieincupressgd by a lwgetgeneans atharimagrampenulesdvehe ti ne,

the solution in thg,droplet equilihrates wth e reservoir. by diffusing
wat er vapor from fﬁ’e.lsc#%pqe&g,e %4‘33 a%mﬁ'cﬁd?“&%’r@{fiyﬁﬁmgﬁ@%%ﬁé‘gﬁ?f%ﬁi on
of the protein angemHds siihiRlithd'PeaB8UfBHd Wdtéth) the droplet, which in turn
results in precipitation or crystallization 25 of the protein. The process
of growi ng crystal s wi Onepf te ulfimate goals ofithgieadenome pwjdctsie theaieselopmentafid

i nvol v rial-andserr.or experinentations.on nultinple,.solution
ofves t .a a gffl%acngus t?xer%;eaeutlrrr:g aéa%xtlst (;))ro eity exgyesgedpbyedlssegseué[engs. Among

it

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

development has become one of the most important approaches, thanks to

| I
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vari abl es such as pH, tenperature, ionic strength, and speci fffMA 004
concentrations of salts, organic additives, and detergents. In ad i%l on,

t he amount OYORYM#Y 30 purified protein is usually |inited, PCT/US00/15711
mufti-di mensional trials on these solution conditions is unrealistic,

| abor -i nt ensi ve @Pguyc@@aahvmgEompwﬁaptea@@@ewnweﬂ@% 4 W0/ 15711 A few
~automated crystallization %)(/;stens have been devel oped based on the hangi ng

drop net hods, foundsrstanding afdke dewiled threg-diwbesionabstr@ture of agratkinhot Aply! .
Cryst. 20:366; and. Ward,.. K.. B. et .al. 988) J. .Crystal G owt h_ 90: 325 339.
A %Zed exi st s fo?SSFﬁﬁPé%}&’&a‘a‘ﬁP%ﬁaﬁ‘M{%&qg@Wé? a@%’@ﬁo&é\ﬁtfaéﬁo proteins 5
and ot her macro o@ﬁ@é@%llﬁéﬁ%ﬁ\é_ rﬁin%&{h%@wﬁ%ggﬁewég?bsm venti on

relates to a method for performng array 10 mcrocrysta Ions to
det er mi ne sui& abtenmterstided dockinga@nalgsindi ti ons for a nol ecul e. The nol ecul e

may be a nolecule for_which.an x-ray crystal .structure. is needed.

Det er mi ni ng hi gh-reso$‘ﬂ?’in§ ‘FER!'(“U%E%N fresof praigiadn g high hropgkpytoughput

met hod such as t : j [ celerate
drug devel opmsnt@ﬁ@sﬁ%neégﬁgﬁr?%ﬁ%d&%%i zeg mﬁgfﬁ&%gaa nol ecul e
for which a crysgédlopaenf. diighoésotutien siwhetares ef proteimsatesblvédby Xxagpl €) it may

be desirable to create a crystalline formaf a nplecule or_ to identify new
crystal line forneygelegrarhyednd morejrecegtinpy psing gydtirdimensianabNMB crystal | i ne

forns of a ec 1 Itn&a]? .’“\{’geﬁ ' f onpose

| ess readil ;HJ anadfgtrr%ép}g%glﬁéﬁegd puri %/& @hszga%}lgﬁoﬁ e :&r y gggser ably a
macr onol ecul e such asVarigisehethddstior X1mycrastaligbephgthaes béendeveldped,

macr onol ecul es. The nol ecul e preferably has a nol ecul ar_wei aht of at |east

500 Dal tons, nor&clydingdhefesintarfarediffusionosthod|(PalgmmenF't Ro(I§H2sAteht er

nmol ecul ar wei ght . o ¥ inent, the
nmet hod conpri ses?@%ﬁﬁ#@ﬁlﬁg%&gﬁ? E’ ﬁ%@éé@%fz hﬂnzé.p ? 8ﬁ§3&gad§§p

m crocrystal | i Zagmethod (McPhediong Aa( 98D Preppitivntind A rfalysiy SRRibRird Oryagls,
crystallized and a nother |iquor soluti.on whose conposition varies within

the array, tide dlobp Wiley and SenvdpwntoreopI8&2s27).1ead liquid dialysis (Briley, Khe array

of mcrocrystallj i by itions suitable for nolecule crystals to
formin the drop Ié@r? t#greggrg%?%g% detecting nolecule crystal formation in

the 30 drops. 3 17 NFrEsed 019 Ath b giffp0r 6 . méthbd YW3Ihe okB dsthmboniyouised wikkiodt | on,
the method conprises: formng an array of mcrocrystal]lizations, each
i crocryst al | i zafor erovwirgineromedeculagenystals dromusalvtipng espseially foripjotsin sol ut i on

whose conpositio i L& Qi N including a dro
Cont ai mino the ayRaG) BRpdtbiy bebite Bhafine A At HoddGn i 2 0 OP
less than 126l; sipQintRAspeRedinhayaled cHibeOwhivh cahthing alréseProit Wil h highegi tions

suitable for nolecule crystals to formin the drops in-the array; and

det ecti ng nol ecutoacentsation pf prseiptiatingagent. Over dmeysbe solutiomin the dropiati at i on,

t he net hod conprises: form an array.af .mcrocrystallizatjons, each

mcrocrystalli zaeﬂ“gﬁ"%tf)w‘{b%r{ﬁseév%? d I f vgpqgl'o%ﬁﬁecixoq Flyuor

sol ution whose c@gRBPslbWPNinératifS theicbideRtrhtid Fithedrotei SnPpeipRitld P

including a drop containing the nolecule to be crystallized, the drop

havi ng a vol ume ageny witkinthgdroplet, whichtin tyrn gesuli®ineprecipitasion or crystallization

m crocryst aliéi zact’fitgns Ender conditions suitable for nolecule crystals to
r

formin the ops |?1prt°eén‘array; and detecting nolecule crystal formation in

the drops. 15 In yet Berb&dss ¥PgroRingiystals With ARihfrae 6P GLARS is dReM Ng an
array of microcrystallizations, each mcrocrystallization conprising a well
i ncl udi ng a not kensymiggand éwviolies sinlwhdremoraspprimentatonsyaarmultiple sohitiont he
array, and sitting. drop reqi i ncluding .a drop containing the | ecule to
be crystalli zed,vﬁc‘lﬁgfeﬁ?%‘:ﬁ' a%g\?{,] ﬁegp&r#gpuﬁgcg&cq&@?ﬁgwxﬁc gcf_n,ce%t{agﬂ%flﬁaflt he
array of mecr OCr%ﬁk,&ir%dﬂ@idcﬁ’ﬁb%s,?&d%ﬁﬁgenﬁpmaddiﬁb}ﬁ tifenh @it 8f highlyol ecul e
crystals to formin the drops in the array; and detecting nol ecule crystal
formation i P& heputifisd proteindpuskialy limited,multifdimensienabtrialsen thesssolution vol une
of the drop contaj réin t he _aTagI eca;qI?e t(g be crgstgzllpll ized is less than about 1
p.L, preferably GoRgiLiops, 18 Inrgalighcs Or oG AR ﬁ? erably | ess than about 500
nL, and nost 25 preferably |ess than about 250 nL. In one variation, the
drop volune is between 1 nL and 1000 nL, preferably between 1 nL - 750 nL,
nore preferably between 1 nL - 500 al, n%e preferably between 1 nL - 250
nL, and nost preferably between 10 nL - O nL. The present invention also
relates to plates for performng array 30 mcrocrystallizations to

determ ne suitable crystallization conditions for a nolecule. According to
one enbodi nent, the plate conprises an array of at 4 17 MAR 20p4 wo

oor ~saas PCT1US00/I 571 1 least 36 wells for holding a nother I|iquor
solution, each well having a reservoir volune of |ess than about 500 ~,L,
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as an adjacent sitting drop well. The present invention also relates to
various apparatuses for formng 10 submicroliter drops used 17 MAR 2405 2Y
m crocrystal i g to determine suitable crystallization c&g&hﬁi ons for a
nol ecul e. 1 n one enbodi nent, the apparatus conprises: a plat V1R ch a
multiwell plate is positionable; a nother |iquor drop station capable of
renovi ng not her | i quorA fevemitamated prystallization syfstemesl Hase béentdeeelopdd based bn p! at e
and delivering s jcroliter val of t her i quar._to drop regions on
the multiwell pl gggl‘%ﬂgﬁffﬁé{°8“1?§1°§g§§‘r%‘ﬁ5’$?%&’f@éé- %nﬂéﬁe%o&ué)-ﬁb‘? J. and a
nmol ecul e drop st adpNCEaPaH1Es: HVier g I ILLer~val s,0f a
sol ution cont ai ni n%ﬂa ﬁecaﬁ%qf‘gdﬁééa’\ﬁ'y%@iff??339?'?‘?1@ %’Pg‘%ﬁ?@a? ns
within a 20 vol ui8% a@ntredekistsdesimphevedabmmat@bcrpdtallibatioangstias fHaordindent
the apparatus.is dﬁsigﬁned fororl'{)rgﬁgari ng subm croliter hangi ng drops on
cover slips uged 3 O PRGBS cr ystal | i zati on, the apparat us
conprising: a platformon which a multiwell plate is positionable; 25 a
cover slip station on which a plurality of coverslips are positionable; a
nmot her |iquor drop station cap2BMMHARY B THE INVENTION quor from a
plurality of wells of the multiwell plate and delivering submcroliter
vol unes of nother liquor to the plurality of coverslips within a vol une
range of |ess than ab s ¥/ / US00/ 15711
a nol ecul e drop stati gﬁ%@ﬁ%%@b?%?%?ﬂ%?e%%@%ﬁ% FO%M unmes of a
sol uti on contl@i nimigrearystillémtibms tb detormine yuitabld drestallivaichRenditivhefortay of
coverslips within a.volu ran of |ess than about 25 nL. In yet another
enbodi ment the aij %Sﬁ%m@égﬁb%nb?am%?%&aﬂom@@a.n)%@bm@t%mgﬂre
sitting drops us j gﬁxw hﬁ% 0 . ' L OLF S
conprising: a pl gg?%epﬁnéglr)\% IC E1a %ﬁ}%ﬁ %g{r%socfrsm%g‘gﬁl%%@% a not her
| i quor drop st at itmouglgma hiethodfsucheasulve org ofthdgresent invention can be used to
000000000000000000000000000 000000008_8888300 00Q000000000000000000000000000
oooooooooooooooo@é%?gm‘e_ @6&3‘%@6’6&'@8‘6}0 dscartisebman 85eRe3000000000
000000000000q§00 ol btk Bt et ¥ory¥dilise Bm 0B ncblebE N nelhlf SR Alaflphel ver [ g
subm croliter volunes of I O nother [iquor to drop regions on the Ftiwell
plate within a vilmagbe desireblefo ¢reatsa tiyatalliedotm 85a molecalechr 3o fdeheifine’y dr op
station capable of deliverin Smeqﬁéo iter volunes of a solution

z

contai ning a nol EBFANRefopRs damplay oms ipgances.garticular srystallinerforms
| fol . i
bnbodi ment o, ¢ he CLaolalk 8 e mbcd bioacive ST Aet, Bpdlinodl 1B FeaBT) T,

are each capabl e and/orled easier toyurifyibm croliter volunmes within a vol une range

of less than gbout 20 _nL, rm;f ,greferably | ess than 15 nl,, and nost
preferably | &8s than I8¢molecpjedspreterahly 2 macramelequlesuchisa prrisia butmeYi nent s,

a sensor may be 200 kRGkidflel Br biFoARRANIEL U Rb1RE BRFA, SUbAT CTol i ter

drops which is detects er not I quor ops a ecul e drops
have been f or med mol¢valarseight of atdeast S0l Daltons ahorepreforiblyhe lesel K00 Baltbhep

station are preferably each i ndependently capabl e of deliverin
subnicroliter vol SH‘ZQFI ’P&ﬁ%‘ﬂ”f%a‘td%‘?)é‘? ¢S 1By alpo be ¢rysrallizedy o
preferably at Least eig ‘hﬁéﬂtﬁﬁe tiddico M risés? foriSn of Nvention

also relates to net hodsB’?eor ormng submcrolrter dc?opséjéngr Bse in an array
m crocryst al 2bzamiicroctystatlizations] each microedybtellizatist mchidingta dvop contaiinirigans for a

nol ecul e. According to one enbodi nent, the nethod includes: renpyi ng not her
li quor froma pl 19?03?9 eytoi)i!’F ogg@pﬁgzeggn%a H%S’II&W\H@P‘PI' $9ufiop Whost FRIEPQSHEOD
subm croliter vol Hﬁﬁéwﬂin ean[égt i t | ORS (Qf.
multiwell plate v‘(n thin a %I u ,t?lggrgoé h%?&%gs@l%g?\f%%o%?%gﬂhf?kng%
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.



and delivering submcroliter volumes of a solution containi ng puARlfRUl € tO
be 6 WO 001 78445 1 7 MAR 2004 PCTILJS00115711 crystallized to the drop
regi ons of WRFEAE wel | plate within a volune range of | es¥GHENIHSUL 25
nL; wherein a total volunme of the submicroliter volunes delivered to each
drop region is | ess tlhane Varigtion, the et dgpmprisesidoineing eniegli ofent , t he net hod

over sl to e TosPrataLfEafion s At isoATR S R A Ao PEFing S e BFIuBg ¢ | wol |

coverslips; re 4 | Wwe

pl ate; deliveri i Wi : ; J r e
%ﬁ#ﬁg&s&b‘i QblLitisH wﬁeéetesgrg,l : oSitioh Réri el 49! %adodoutrsg S nl: and

plurality of covers wthin a vo range of less than a

del i veri ng submiregion inctudingh dropscoantaining theuholecule omecdrystalljzal, theldespul € t o be
crystallized to the plurality of coversli p'sgé,l? wi thin a vol upg range of

| ess than abdut h2sing|a valpme @ WS%%ML;WW ATy RE EIeRTYStabizetens vol umes

delivered to each coverslip i o ‘ﬁfog,lgr- [ : .
enbodi nent, the “H‘Sfrhcggldmsdn?g{#&gllegﬁ?ﬁo%m rc%é%lfq')t/st a Ilggﬁa}?jlréﬁ %% ?ﬁ@f udes:
removi ng not her Jhjj deRctihg Mdledulel orysedlifbtynationisethesdrofs.a nul tiwel | pl ate;
delivering submcroliter volunes of the nother |iquor to 15 sitting drop
regions of the mul tivelanofenyasiafippthpmgthed comprises fuming ed®Yi9fan about 25

L; and deliveri by er ol | . . A; | i
ol ecule to be cRystaIE bt AR alafia i BRa (R AnhRe,

range of |eg9y thannabigtior 25iufién Whbsy @iipositiontvaties withifthedrrayhandsaibrmi crol i ter
vol unes delivered to each sitting drop region is less than 1 p,L. 20
Accordi ng to anyowérslipénciidinga deoprreatasying tefolecule torhe orystallizedothgdeorof .t he

subm croliter valunes delivered j,S._pref D . [=0 nL, nore
preferably | ess THHE %Y Wegg%sii‘yfngﬁg"%g’?‘g%}rlée e a@@&%@gﬁp}%ﬁgn&out 250
nL. I't is noted Jjaat cdrldftidhs BRitablé foiBfolétale drstals 16 foiinlin &R d28h iRlthe ks,

vol unmes delivered preferably range between 1 nL - 750 nL, nore preferably
between 1 25 nL and $e®ctihg motaculemrystal forpragiopdn theedrops. nL - 250 nL, and nost

preferably tween 1Q nL, - 0 nL...Acgordi to any of t.he V. ppar at us
and net hod 5ﬁ‘bodi ment8 Y&F AROUST AU 5™ ‘ﬁgd%’/%‘f‘m%%o"ia‘&‘insﬁgﬁ"fgﬁ
preferably |ess rhﬁ?&rﬁ?ﬂﬁ&at%ﬁs,@ach ARdrEcrp§taflivaidH donhRBmgtaweéll 2Qludlng a70T €
preferably | ess than 15 nL, and nost preferably 30 1 ess than 10 nL. The

preci si on of t hemetbeuliquor delution whdsecompositiontyaripewitkiathe armayy andgttingo wo

PCT/ L1S0Q/ | s711. 38Q. pL and 25 nL f.erabl f 380pL
a0 20 Nl ot o PRREdIn eSS s8pR e B Pl o bR e ERlaRl 08"
bet ween 380 pL apgingh WiumB3k Ess BESTRIR Sideg @ ity dfirtitidey stallgAationsl i s a

bl ock diagramof a crystallization systemaccording to the present
i nvention. ROgurender cdrditsansasuitable forediemnld enystalsite formia the dropsini the arayon

system of Figure erform rot.ein crystallization trial. 10 Figure 3A
illustrates a toaﬁ‘%\ﬂte_gﬁﬁﬁag r@l?ﬁh\fetzf)ry\ﬁflﬁjow%{oé LW%?EC °Bhy' be used to perform a
hanging drop array m&&&ﬁ&mg&@hﬁg gthé Mbveth&H6E, BR viofinie &fitHe¥opw Of t he
multiwell plate illustrated in Figure 3A. Figure 3Cillustrates atop view

of a multiwell piontaningitihmotepulodo be enystallizpd isf lossrthan ahiout | ub, prefamably r ay

i tallization, Fi 3D | i devi [tiwell plat
T ustraced i n° Aegtinen Seouaaf.mee ey B S dhod A0 lodigifos 81 [ bt at o
with a plat QsCOVﬁ@ferAithsg&aﬂ%bédtzjsblrmstm%hevmﬁidﬁ,amkw? wlathé yetwdench can

be included in a nother |iquor delivery system Figure 4A is a sideview of
a plate | oadi ng dtrdtangnl 008aili, preferably detweeep|laile- 230 nk, qedte prederably betvesaj acent

Stati on' I ooki ng_ AFbgOPRL PPt benee ot TRl g ablmBre @b Reb T "

is a sideview of ,q.Ra{ 1680€ 2563 ng station for reading a bar

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



code included on a multiwell plate. 25 Figure 4D is a sidevi gw of a sealing
medi um station for applying a sealing nmediumto an upper edg HMA 4s
defined in wowb-sidkel | plate. Figure 4E is a sideview of a RpleghBosRYA"
removal station for renoving a plate cover froma nmultiwell plate. Figure

4F is a topview of no r liquor delivery station. 30 Figure 4Gis' a
topvi ew of a del #%39 “mt]ggﬂf holdinga ?f;}l%‘%f SolHonr@ih Wel daying areservairt | wel |
pl at es. 17 MAR . r ARSRLIL 15l } cross section
of a delivery bl oé@?éf%@%%ﬁ@ﬁéﬁgﬁﬁgt her 1”45%1%%%{@4@%@1 PPRel |

plates. Figure 4prefesatdy ssslithanebowrf308 Hividdesptibdiiydess Soulaseutsonage bank.

Figure 4J is a sjdevi eg/ oh a syri n%e punp for delivering a nother Iiquor
froma nother | iRerges SbWet yolugies thatgnay Jejsedinghude, butare agt lgpit@Ro25|1lst r at e
t he various at i j a i ncl 1 faormation system
Filgure SA s a0 o B &7 HESROBRL 06 iR AR i QLR At
si devi ew of the Hanging dropetyistatiizatiod.i hnanoft@r Fartptios, thCplae iadsigleyiew of a
pi pette holder. Figure SD is, a sideyjew of a well cover holder. Figure SE
is a sidevi ew of periorm a sitipgkromerysializationpnddncipdes g magher liguerayall asgvelk
positioned over the wells. J |t lyel |l plate. Figures 6A-61 illustrate
st A B, Wil

operation of the™ or ma i'on. 15 Figure 6Aillustrates a drop

formation station in Theplessit idvestidn albo rekit@tid @afdbsiappdisses tfer foRRingr op
formation station with a nmultiwel| plate has been noved into position for

drop formatilh asubmicielitesdraps wegdiiaran; asrajraniergeryptallizatios te detgrmaine suitable wash
basin. Figure 6C il lustrates .the pipett | der noved into position over a
20 col umm of wel f?sﬁa'ﬁlz?%@ ?ﬁﬂ‘fi{ulo&fé? rap[flg (él.ng'Fi gure 6D illustrates the

pi pette hol der noved g2 dastldirhént, thy @ppdrdits sumhpriseover hol der. Figure 6E
illustrates the pipette holder returned to its rest position and a protein

del i very pipette novedPlaffoan gasvhishommyltisyellplate iy posigigasble;25 Fi gure 6F

illustrates the protej | bvery, pi . i -t i fion and
t he cover hol der inveé?’eog%él#ésﬁod\fgﬂégﬁg{ﬁégc oesﬁlgt% flgéﬁog\l}{ rnﬁ?thgrsli%uleg%%}ﬂoaf wel |'s
on the mul tiyel | pltdieof wellsdfehSfmultiwelbplartand dElpREhd Subhiioresites wolaRgef from
well covers over the wells of a plate. 30 Figure 6H illustrates the cover

hol der moved i nt moghssliguasrio draprregionpr thegnwtiwell platejuithin gyyolmmrange of 1 7 MAR
2004 wo oonsaas #crﬁ]usogn%jg ~‘Ficpure 6l illustrates the cover hol der
returned to its I'8% %8 i ﬁ'.L’ﬁlgures 7TA-7G illustrate operation of the
drop formation stati ofniolechle/divs station Gapdblee$ deliveting Subfficioliter ¥oluffes8f & dr op
formation station in the rest position. Figure 7B illustrate the drop

formation stati osplukiqrhcantaining palecybe o ke caiallized to thepleor iseiona withing ng drop
array m crocsyst gl be1dls RER dbblf2d &1, drop

In another embodiment the apparatus is designed for preparing

submicroliter hanging drops on cover slips used in an array nﬁcrocrystallization,_
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 staﬁon capable of removing mother liquor from a
plurality of wells of the multiwell plate and delivering submicroliter volumes of
mother liquor to the plurality of coverslips within a volume range of less than
about 25 nL; and



formation and a pipette holder noved into position over the wephyRagyy-
Figure 7C illustrates the pipette holder noved into position over a colum
of wells inWREMMEi wel | plate. 10 Figure 7D illustrates pi BETUSVISALL he
pi pette holder aligned with the well regions of wells in a columm of the

plate. Figure 7E ill ustmeitase fopataties cipabled dpliveging Subldslitedd1aRedoti t h
the sitting drop regions of , wells in a colum_of the plate. Figure 7F

il lustrates the PPB¥iengonjaininga molsereia ke %%qudﬁpéhqo&yradmoﬂf co¥erslips t he
sitting drop regi\ﬂfhh?&v%l%ﬁél’&lﬂk?#l@?ﬂﬁﬂ%tgnfé\el | s. Figure 7Gillustrates
n on

a sitting drop forned i e’s I'ng drop regi of a well. Figure 8Ais a
si devi ew of a pl ate tnMagk another émbodimentitBé s t@b@d@sigﬂ& ck $om a
pin carriage positi o_ned?ber_le_at h the plate gbrpg?k. 20 FI gurfg*ggﬁﬁﬂg: si devi ew
of a plate tréack submiereliter siftigg drapgysed ig An@rreyohicrosry Saklication, thespphmtus t r ack.
Figure 8C is a sidevi.ew of a transport assenbly having a plurality of pin
carriages. Fi gurecoglpflflf‘g'st rates the conposition of 480 nother |iquor
solutions for a 25 prQfﬁﬁ@ﬁmﬁﬁﬁaam@@alplﬁegymaﬁ&aOD illustrate
formati on of crystals in different drops sized from40 nL to 1000 nL.
Figure 11 |ists the nwirhethe liqyandropstation canableof removing methes lighonfremsa used

DETAI LED DESOR PRI \oils See iiGest Pl P dbfietine somigplitstrrmes S~
per f or i ng. alihay AbEAGH oY E Rlgl A8t it HEHGEIpIR dthirAPl s Yalgldel zat i on

conditions for a 5 nol ecul e. e nolecule is p];pgf erably. a macro#gl ecul e,
such as a prot ei rless@dnabottyddad. ;ahd nol ecul es and nmacr onol ecul es nay al so be

crystallized according to the present inyenti.on. The no|lecul e preferably
has a mol ecul ar wei ghtt BplecHle fioRsiatisn ganabieAelveripe submisraryumes Pihs(

1000 Dal tons, al tsBMﬁQ%f%t@hﬁ:g&%@ﬂc&@ﬁ}bé&ﬁdlm%M Seéi&sﬂmﬁih%d to

nol ecul es with | ower r 10 wei ghts.” The nethod i1 hvol ves formng an
array of m crocr ysiuhd fange oiies thareabeuefcid.ni crocrystal | i zati on includes a
drop containipg a nolecule.to be crystallized . ,and a nother |.iquoy solution
whose corrposilgi on var i’é@mﬂfﬁ%nm@&ﬁ \ %?QW%%WP%TL{Q%I PR of |ess
than 1 pL. The arm?%di&é:ﬁmaf@&mgfsahbﬁ 4Rch O\ RE o?aa'i\%@'mgnder

or ro

conditions suitable nol ecul e crystals to formin the S in the
array. Mol ecul e cubmicadlitérovoiuerhésomithis at yodumelsinge d£ldss than hisow 20mE, mése Wi | | be

descri bed herein, thi t hod ¢ be,enmpl oyed.in any crystallization method
i nvol vi ng drops, grﬁqﬁgﬁeﬁijﬂ?gh}?q&o@ngms{gﬁt%fag\}ﬂlgﬁ%lé p crystallization
met hods and sitting dr : i i J¥ I%ﬂgg IJ{id Ng drop
crystallization met hodgp%%recxpr éocfégtolfﬁﬁlﬁsg{’ é‘)%?:_d o %’9‘%&%% (McPher son
et al.) and Q@0 S.inétuded ihithe dppdrhtus Zoitpréfaming esubmicholitenthops subichfieat ure of the
present invention is the utilization of s I droﬁl(;\éd?rl unes. For exanpl e,

the vol ume of t heletetspY mother Liqpersiraps andier mojesuledrops havs been fmed. | ess

than about 1 ~L, pref Y rrﬂ:llﬁ uIEOJrg : erably | ess
t han about 500 nL, an m%%ﬁgﬁgﬁgéggpgépgﬁsléndttﬁgn acout %géﬁﬁﬁ%{en one
variation, the drpgfesablyusaeh imieperidestiyncababik ofidalivéOfi submicmiitdreohivhes tbat ween
1 nL - 750 nL, nore preferably between 1 nl_f- 500  nL, .nore g_referab]ra/
between 1 nL - 256Ph{our SAYErsHpS ot HHmrEPls Rieterabliet Iragiright coversiipspt a time.
Applicants beki eve th i i i (ggw : he 30
drop vol une %Eere cryghg}ﬂgéfgﬁﬁdgg?gsx\?ﬁ%éﬁtkgd} p&?gp VO ﬂﬁeﬂgcgpg&used.
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



As a result, crystals can be fornmed nore rapidly by using thﬁ smal | er drop
11 wo oonsaas 17 MAR 2004 PCT/ US00/ 15711 vol umes used in thd QO

i nvention. TWo%o088@mi ficantly increases the through put rateafusdasmnet hod
for determning crystallization conditions. Wthout being bound by theory,

it is believed th L1 wi || ui Ll brat.e -faster than | arger drops
and that this caﬁ&%ﬁlﬁ%?g}eg&?%%gbo%ofrﬁlgém%m?’ﬂg?laﬁewﬁ*h%V?léﬁng r?ﬁge%%
equi libration is ldelthaabouttds Kl wikhdh & tothlGofimedfdkd BEIdrBliter RELWEEN t he

rate of drop evaporation and drop volune. Meanwhile, the rate of drop
evaporation is dégiyriehto esph dropgegian isdess thandal. The surface area of a drop

rop having tventy ¢ i resoRin bl Spolitenthe Fegedss Bo8 fRisde ufo, o 95,
nL) will 10 hgve cyjseliiati6R Biad dhchRes tikigga ﬁMﬁtﬂ%yyqﬂcb@?Iiﬁsbz%nﬁ‘J{Jg%ﬁ&hé{]ea of

the snaller drop. By reducing drop volume, one is able to inprove the
rel ati onshi p bet Jiguer from arpduralityr ofdyedls of e apwdtiveetli pdate;(deliv éringesubmizzolitependent )

d d lume, t b i Pl i on and crystal f tion.
A'Turther advant 280 & e et faer o Bl & cRBRiButilR Rupie
vol unes al | ow | essgndairesh tifintaBo25UE 8 dnd AeRRiHhg sibidfdNits WRidkbEzat i on

trial. As a result, a greater nunber of crystallization trials can be
perfornmed using tshimtionentainingra molkecwio bacbadrystallitedgo the phiralityedicowirslipsf i cance

when it is di~cult to obtain the sl ecul e to.b talli d
'arge number 101 GHUR ARPITIIRORE QT RARAPRUSs A Bl VOmE S LBt ul 1y

crystallize the nphachifer RPurhés defiviie® @aih biveiiblié W that P ppr oduce and
purify the nolecule being crystallized. In the case of protein

crystallization, it caccoming tognother ¢mabadimentctbk methiod isfor awsitting &ropr oduce and
purify enough protein.t erfor 8 crystalljzation.trials in 0
greater than 1 ~EW$£¥P§83?%@W%%FH§%H%“&FS{%W&% %ﬂwaﬁg’n_%%"%eﬁsamunt
of nol ecul e used aﬁﬁﬁlti%nﬁlzﬁé;|deﬁ@éridgfbubﬂhioi‘$litcﬂ%l@&s@%&h@ﬁﬁﬁb@i& to
significantly increase the nunber of crystallization trials that can be

performed. AdSa rigting dropiregibuscefithe multivesliplate withingceolumermnge obless Har or i al |
shot gun approach to | ecul rystal lization trials.since the pressure to
conserve nol ecul é‘%ﬁ'ét;% ’?&8@&%@@5 sﬁ?“‘&b‘ﬁ?ﬁ’&%‘f‘?’°&?f%f‘°qk“b°“t‘i?8 &&nt

invention's util igabdultoNe ctydtallledd 18!thd Sitting AP régbiy Within @ vOREEE AXgSsed O

30 minimze the nunber of trials that were perfornmed at one tine due to a
shortage of avai llessitmnmbbetcafi ul.; wikrein adotaloredume af theskndoodteprgrivmeso/ 15711

By reducing the d vol une, the nunber of merocrystallizations that can
be perforned in t‘{‘?g?ﬁ# apgstth%g%rggé@onrlﬁéesﬁ)ﬁgi of nicrocrystallizations
in the arrayjaps typi Caldc¥rdiiRty Jf iRMbaPe mpthed SnBilivests 8RS Bial VoRMmeXF, More

preferably greater than 144, nost preferably greater than 192. It is noted
that the 5 nunberthesubmicnoliter yolumesidglinereshis preferatri lass thay abeut 740 8b, meteeed 288

or 384. For exanple appar at.us regari [ ich i 480
mcrocrystalli zatﬂrﬁfﬁ’?%[}sleg‘égﬂ ?‘f?é’ﬁgﬁ(t{:\?% T q%ﬁ&é@ﬁb%ﬁfsﬂg%%ggd;ﬁ -
m crocrystal | i zatg gRgddiBit th&Brop&oRfhidshdRst a5 Bmhil 8s F80 5L, PhesR]@hbPWS a
greater nunber of different stock solutions to be used to 10 formthe

mot her |iquor soldsliverad preferably mangedetweenyl. nLFOS0akamorepreferabli brywetrel ar r ay

of mcrocrystallizations can include. usin e r.than 48 stock sol utions
to formthe mBth 'I#03)&53(?’néodfBfﬁ%lsrﬁgly&géﬁeeﬁr%%ﬁ‘ﬁzztsglp}‘a?‘ﬂ&%pf)er% Flyy gr eat er
than 96, nore prefeexeddl 0 Are28®@kLt han 144, nost preferably greater than 192

different stock solutions may be used. It is noted that the nunber of stock
sol utions can 15 al so Ascording wemyo tesaboveapparkusas method emhodiraenis the
described herein uses 480.different ,.stock sol uii Smal_| ol s of

not her |iquor nmayPraP¥gR Bgﬂ‘ﬁé@h“??? n{engrséfslpgﬁleq{;‘lg?%}gl a%ga%g?tefméﬁr{‘) i quor
used in the well Sylfrdblyelesy tkh Y0 nEStotd afemBBUbssWH IS dl, afd Biot bfeyablyess

t han about 400 pL, nore preferably |ess than about 300 ~L and 20 optionally
| ess than abd@@t 26 than 10 sarbespretision ofithe voiumes delinsradrmay alsnbe bafyedse used
include, but are not limted to 25 ~L - 500 ~L and 25 ~L - 300 ~L. In this
regard, formng the array of microcrystallizations may include formng the
m crocrystallizations in a plate including a plurality of wells each having
a volune | ess than about 500 p,L, preferably |less than about 400 ~L, nore

25 preferably less than about 300 ~L. The 4ise of small volunmes of nother
liquor allows the wells in rmultiwell



plates to be made smaller, thereby allowing nore wells to be pbMARI 200d on
a nultiwell plat er unit area. For exanple, the 48 well pl ing a
wel | vol uma“F%@g an about 500 ~.L has approxi mtely the sane S()O(@?%?Pnt as
24 well 30 plates typically used to performprotein crystallization.

Further reducti @80l and@5mds, mere priefprably beswaen=380phyande? 0oy Inngre graferabllyder t o

further reduce plate si . 17NMAR 200! 0/ 784 PCT/ 0/15711 By
utilizing snall pbd%i?“%{’ﬁé%dl Io)%1“‘34 a&%ﬁ%@fﬁﬁ‘%ﬁbgﬁtﬁfe@ %g%ﬁg«gf‘y 38 AL

crystallization trials can be perforned using the sane anount of nol ecul e.
As aresult, it is feasible to performa greater nunber of crystallization
trials, which in turn all ol 36iR } RIIBto be nore widely

varied in its conmposition. This aIIvvs t he “ her || quor solution to be
formed of 1,32, 3, 4, 5 6 or nore conponents which are varied within the

For med of “one.or mor & BaF iy ek APt 0 Gl aRlod b RN LU ' P00t

24 wel s, nore pireksriabéntionat | east 36 wells, and nost preferably at |east
48 wells. 10 By utilizing_less nother 1] .wells can he used

4 i quor,, smaller
whi ch al |l ows the sangigysei WESP@MfBTW%&@WE. URNSYSIER®r di ng to
this met hod, det ] : -Etﬁf‘izm L.pcl ude characterizing the
crystal forned (Pﬁg‘%"épg°5%‘;£‘?€?‘l‘8{°gg§ St é Si ze‘hg? the crystal, and the
qual ity of tige cryst #Higwe SAritiastiates a t6hroeaaifamultivell iplaé whivh maybé adedcan be

15-perfornmed nmanual |y, or by taking imges of the drops and anal yzi ng those
i mges for the depgedenn dhaging ¢rep amay gusieaysidllizatiothi n t hose drops. The.

nmet hod can al so incl i YA t it mther i quor
ol U1 ono. i n whi ch crySrarS herielly el e iRaR ol i A B I
crystal lization tri alRigwbeCdllhdtatdsaitopiViawiodn nafltitvel plan vhichl ey us2@

solutions in which crystals were detected is.further varied. Figure 1

illustrates a crip®eEemm 3 sittingdrep argyimucpoorystalizatiosy i ng a crystal | i zati on
trial. The grystalli ' : TRV a1k [ ations
12 descri begsbel oW. @ 1 gg@%é&?ﬁ%ﬁ og@étrﬁgtlgregﬁgﬁ?%ﬁegﬁﬁg stee?hé'lo,

mul tiwel |l plates are RigaeBEdsedrossiseatignl oft aemuitinvell pldte with a platgover. assenbl y
(not 25 shown) noves the nultiwell plates, along the plate track 14 to the

various stations 12. Figuseed< llysiratgtheyariops stationsovhich gan beinglided in a
processing unit 16.in.el i Sommuni cation with the various stations
12. Suitable pr%g%éﬂhﬁoﬁﬁél[‘}séﬁ%% Of use with the crystallization system 10
include, but are not Fi%&ﬁ@ﬂsta@ideﬂ@ﬁlo'f@p@didlo@ﬂiﬁ@l&tﬁfonw&ﬂdiﬁg adrb&Splatthe
processing unit 16 includes process control logic for controlling the

oper at i on of20eacrackmasitieredzadipcenido thephap inadingstatiopl y. . 14 ~ wo oonsa45 17MAR

ntoract with,  di sengibReandras PRekny aRis Hadl sBuddiTionl FpORES ' °

Sui t abl e user i nbggitAaRSsatipef thd@latdtickare not limted to conputer nonitors,
keyboards, nouses, and trackballs. During operatjon of the crystallization
system 10, the transgdgure4€sispisidpvignafa bar eaderreading station for seading sbarsyt at i ons
12 which each perf.or ti . ction. 'For instance, the
crystallization éoﬂgf@hﬁfg%ﬁﬁpqq@hgéug&%'at e loading station 18 where

nul tiwel | plztes are Fgaréam isalsidéviedasiadesigimédiemiitaion fof &plyiaga The
crystallization system 10 al so includes a bar code reading station 20 where
a bar code on t hisaling mpdinm tognapper edghofuellscgfinedrinea multiwell plateat i on system
10 10 further includ i i i : i i,um
station 22 can be usgﬁgﬁ'g%g'g%f%%gwgg)ﬂ%?ﬁgéﬁé%&n %valgkgu%u?ﬁrirv\e?fmglaat es.
Speci fically, thslagealérfbnieaiultivélbplaiee applied to the upper edge of liquid

receiving wells defined in each nultiwell plate. The sealing nedi um serves
to forma seal betwedFfiguig&Fippaopviaryeka wpthepliquorelivenigtationel | cover,

commonly refg{red to 1 . C .Sl | i Sit:l each wel |
at a later station ofﬁgﬂrg%ccf i?satqéﬁlié‘l‘z'g? ?S%Wsebg?lg% T%deigk%@??)?g%ﬁgtﬁﬁ zation
system 10 al so i Rglod@#R6 niultpvéll glaever renmoval station 24 where plate covers

44 are delivered to or renmoved fromthe nmultiwell plates. The
crystallization system 10 al so includes a nother |iquor delivery

8



20 station 26 where nother liquors are delivered into the well_s fined in
the multiwell plates. Different nother |iquors can be deli veddd 12p4

di fferent wsdd sog44st he sane nother |iquor can be delivered ipatraugvonef han
one well. Further, nother liquor can be delivered into a portion of the
wells on a single mult.iwel |.plate so . the.r i ni | 1,s.are ty. 25 The
crystal lization systenfto 4&‘ 158 C[9%% PITHEYR of2 g?qg'ﬁr’f ggﬁqgmefﬁ%rMere
mot her |iquors fliquet idi€a YalfiwalBplu@s.l s are used to formone or nore drops on
a plurality of coverslips that will be placed over the wells. The drop
formati on station 28 EiBus 4hiforsideviesy ofi 4 matheohquor sourge sthegerbimdcul e to be

crystallized to the ver sl ps...Once drops cont ai.ni not her i quor and the
30 nol ecul e to be cr?s)lg'érlelf*rlisgﬁmgcrvéewg §f PRRB f?:ro‘i}%?'grlufgpasfnofl}?gﬂ%?fersl i ps
are 15 w0 0ONSRES akdoth@iiqhBPsoRtet/td & FRY ihRpébt, Positioned over each well
such that the one or nore drops hang fromihe coverslip into the well.
These drops are cal | iigtwan§Arig ilnsmee the varisusrsttieds which chinbe thctyslefiam aat i on
station can be readily adapted to formsitting drops in a sitting drop

regi ons of a mul YPRE‘P‘TYMBP%EE% delivering mother 5 liquors fromthe
various wells and thepjagleUtd Q1 tGPRERIOFaIGD fRemARdLaMisn 10 be crystallized
to the sitting drop regions. The crystallization system 10 al so includes a
pl ate cover delivery Kgatei5Bnis 28idaniewef thexdrep formation atatieomn be positi oned on
each multiwe]] plate._The jnultiwell plate can en by transported to a

pl ate unl oadiong stati%‘ﬁ“’féraf\iﬁéls')ggi’lﬁgof@pm it\RHgf' pl ates can be renoved
from the plate track fguanh ShadfiewAlraMBiveRBolggystallization system 10
illustrated in Figure as the various stations 12 positioned around a
single plate track 14Figite SEsis asidedewlnda wehlecover magaginstfor stoning well caverbe

di vided into one qr nore sub-s&gte . egi:“?.ogfi onally having its own track.
It is further noPdd PORKENSANST Be Wells ing Multi¥dI Bt 5™ rmy optional Iy be

i'ncl uded or excluded fpai kRS GlsahR!dpkaabh 8PS MR EBmtiod diiddier . the
stations 12 can be positioned in a sequence other 'than the sequence

il lustrated In Fi gur eFigurergy illustsatesracdrop farmaipm statiowinghe rashpesitionst at i on 24

b i ti oned bef t he. b d di tion,20. Additionally,
ceveral of the descr i etrerpaRBIR e drer e oalitn oty mylEHLpBRYAY o
For instance, a glealfoved it B6ditistelor URpYoshaidn@id 2 isekie hoRlef Armbwed iategr al 'y

with the drop formation station 28 or the plate unloading station 30. The
above stations 1gositiom dver thactasibasini.n a si ngl e system or can each be
included in different_jnde dent sub-syst . For ..nstance, the tray

| oadi ng station, bar %@H@ﬁ@ﬂf%s %P‘ipgtiegg,gerﬁ%‘@fir’@mrﬁ? 19PO¥E%R i on 22 and
not her 25 |igor i i : be included in a single nother

| i quor deli vgdrjy %ﬁ?&%ﬂeg\fuﬁlﬁtﬁpﬁé@éﬁ%%ﬁ ormation station 28 and the plate
unl oadi ng station 3 OFigare dikiliustcdtesctbel pipattetholdemimpeaddiaiot poditiop ofver thatwadln
system 32. Additi onagl , the functions associated with a particular station
need not be carrf¥E* ?}%lierduri ng operation of the crystallization system 10.
For instance, the notfghyd dEiAstPatcsAhe FipeREhslabr re@ERA th M Pest PEsiveh hisd #F a
multiwell plate by an external apparatus before the multiwell plate enters
t he crystallizat poteisyjeliveny gipettel mowaddhtoqositios oaewaewell goverwo oonsaas ;1 7
MAR 2001 PCT/US00/ 15711 when. a |tiwell .pl.ate already containing, nother

| i quor reachey the notl&8F° ﬁ]‘é}ﬂﬁa ‘ifé*’? V@Fi}gg?]é‘fef}bﬁlpﬁ% %Pﬁeedq‘ﬁgo[ 'ﬁserregf i quor
delivery stati Onn{;&@rj&?&dttﬁe ERRF BY184 iheer2land Bldve@ intdBbEI6N bVed RS SoliAhO t he
wells. After a ntcrocrystallization array has been prepared by processing a
mul tiwel |l plate dhwellmin the orujtswell plateat i on system 10 such as the one
illustrated in Figure_l, d in the mcrocrystal,lization,array can be
observed for the fornﬁt&%g‘gﬁ?“éﬁé}gﬁ%ﬁ“&ﬂﬁgw %’f?fe@tdﬁ °5‘r"é’a% orvr%%mlzerr]'?tg: drop
of a particular wghgofg?@tegual ity of crystals within the drop can be graded
for various characteristics such as shape, size or time for crystal
formation. WA@n the nbigues 6H ilipsoates Uresaverdoider mwypd into positien everaavalht | t he
crystal grades can be conpared to determ ne which nother |iquor was
associated with Pﬁ‘éﬁrﬂﬁ’ﬁge(ﬂ@g‘i"?%ﬁe crystals. Accordingly, each weil serves
as a different crystallization experinment which produces results which can
be conpared with the results of other crystallization experinents. 15 A
crystal lization trial includes conparing 5he results of several
crystallization experiments in order to optim ze the conmposition of the

not her |iquor used for crystallization of a particular nolecule. Figure 2
illustrates a technique for performng a crystallization trial. A coarse
screen is perforned at an initial stage of the trial. In Figure 2, the
crystallization experinents 20 associated with the coarse screen are
illustrated as a plurality of boxes set out in three different arrays which

o Y



The crystallization experiments in the coarse screen are analygeghg ?OU?eI ect
one or nore cr&/st | izati on experinents which yield the best_crystals or,
if no cryst M8 the best crystal-like precipitate. A co%qgés@els@én
experinment selected as producing a promsing crystal or crystal-like
precipitate is illustFausdl3lusistes the cokr halder mturteguto és fest positonSCr eens ar e

then perforned for t\f/}\g, cr 27t aébi.ﬁati on experinents selected through the
e A0

course screen. 17 YSURIRrOPSTREN styop fosmationsstatigngo dermeen
crystallization ﬁﬁ%&g&nt is perforned by designing a crystallization
array based on the ther liquor conposition used in a crystallization
experiment sel ected tFiguregA illustrates e deopsformatinn statibndathedest pofitignir e 2 as t he
array |labeled FS,. Theg. co ltions e nother liquors used 5 in the

of t
fine screen erystalli %% qsg?eélpeeérgg umatign staunm Rt g myHVell plate at i ons

in the conpositi £l d gmy% ' . . ry ent
fromthe course é&ép%fggﬁgggf%gglmée@ﬂ t gﬂ#g?ﬂg?ﬁ |ql?§rﬁ§’8%g§lg?°?r?}ﬁe
course screen hafdriaatidh ared apipettehddermoveddntoriobizion oiveithe wash tdig. sel ect ed
crystallization had a_pH of 4.0, the npther liquors used in the fine screen
experinents ni ght havEBiggareff illpstatesihe pipetie holden mgved-inta psitiongyer acusi ng t he
array around not hz&tflhio?%[@i XHRQti?EIPHfa&f about 4, one can reduce the

e

i ncrenent al chan‘§° he val ue in Ine screen FS,. For instance, the

i ncremental hange i nFighg: TiHiltlistrateg pipettesdnalicpipsttd Idder @bznedeinthe wefil gure 2
is 2.0 while the increnental change f the pH during the fine screen also
shown in Fi gure ®2gicasof wellgin @%}%@al"gﬂﬁcﬁl%d in each crystallization

experinment in the fing scr in. r.t1o_select..the one or
rmr'e_ crystallization E&%b%erﬁ_ﬁ@‘ﬁ‘?‘éﬁg?. ?%g&%}g@%ﬁoﬁ?gﬁ%}eg “8?1 t@??@ﬁ’%ﬁ -l1i ke
precipitate. A cdrysgtr@gibngz@wan i@aperuhmﬂm@gla&ct ed during the fine screen

experinment is illustrated in Figure 2 as a box having an X. If the crystals
formed during the fi nBigyre dbillusiratessthe projeinidelivesy pipptte mgMedyingd pasjtio0 one

m ght isol at,g the st.al s for [ B ,ent .and perform x-ray
diffraction lgn t%vg?hl}és%ﬁgggﬁopcg?%flﬁ?é{@ ﬁé@%ﬁé}@%{lﬁge’ﬁﬂﬁ‘ecul e's crystal
structure. Alternati VEigire 75 dlustrgies a sisteng dyop forntedrin kHeGithg dfpdedibn bhe
sel ected fine screen experinent in order to grow additional crystals.

However, if the ¥elistals formed during the fine screen are not of a .

sufficiently high quali e ] ] further. optim zed by
t aki ng t he not her Iiqtfgwduss‘%gsqﬂg%‘ﬂegbggg@?%ﬁi‘ﬁg{]%&sggﬁnéyﬁgpﬁ”%e% as the
starting point fﬁlﬁte&fhcﬁ%rﬁhPMarrﬁdg@@aoﬁﬁb@&ﬂbenEﬁtﬁ%@ptheHabl&!Strat es a second
array of fine screen crystallization experinents |abeled FSz. It is noted

that this itdrative pFigurestB tsra sidgview phaplater track vaith &pin of Kisre 8&nt and
performng a finer, screen ar n a sel ected experinment can be
SR HRpRE a5 Bei)

repeat ed 30 unti 1 I'quor is identified for use in
preparing crystals. 1Bigme18(7i§\é°§?d6&ﬁ’%of\@uan§poﬁh§semw}”%ﬁﬂgséth}dlilﬁbf?lﬂ

met hods and apparatuses of the present invention may be used to performthe
course screen argasmpageRperinents described in regard to Figure 2 in order to

anal yze a | arger set of np r. Liguars than ha eviously been feasible
with drop sizes |arge ‘gflﬁeaénnﬁ'sﬁtg? gﬁeicf’%\p?mﬁ?“ P?@(V)‘Pgﬁe#ﬁqé%ér%&?’g?%ggf?ne
screen arransexp?-@fematcgmgagcreéns_o be perforned using the

m crocrystallization nethods and apparatuses of the present invention or

may be performed wher Bigaresgd 0di- i3 illystrate ferationiod e i ig diffarend dropmisipede 3A
illustrates a top vigw.o lL.tiwell plate 34 which may be used with the
met hods and appa&% J@Bg,g*ﬁyﬁ“ resent invention to performa 10 hangi ng
drop array m crocryst gigute Bt lit§itheAfothér litiof 36Bfositidie forddtrhyed liqlosd € 34

i ncl udes a support structure 36 defining wells 38 arranged in 6 colums and
8 rows. Al t houghuseidduihe % screenstagapba ceystallizatiopfrialpl ate 34 with a total of
48 wells 38,,4he nultiwell plate 34 can include a different nunber of wells
38. Figure provi des a sideview of the nultiwell plate 34 illustrated in
15 Figure 3A. Each well 38 includes 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 nedium such as grease, can be'applied to the upper edge
40. The support structure 36 preferably has a geonetry which allows
multiwell plates 34 to be stacked on top pd one anot her without one
multiwell plate 34 interfering 20 with the well contents of an adjacent
multiwell plate 34. Figure 3Cillustrates a top viewof a nultiwell plate
34 which may be used with the nethods and apparatuses of the present
invention to performa sitting drop array mcrocrystallization. As
illustrated, the multiwell plate 34 includes a support structure 36
defining 48 wells 38 arranged in 6 colums and 25 8 rows. Although a

o, ”~ A o ~e~N " o oy " o, ”~ A



plate 34. A plate cover 44 can be positioned over each mul tiV\len‘é‘gg %‘3 34
as 10 illustrated in Figure 3E. The plate cover 44 can be des t he
cover rests waooomgasipper edges 40 of the wells 38. As ill ustp@teshohi®nli gure
3E an insert 46 can be positioned between the plate cover 44 and the
multiwell plate 34 so the insert ﬁf & r edges 40 of the
wells 38. The insert 46 can be re te cover 44 or can be
permanent|ly attached to the plate 15 cover 44. The insert 46 can be forned
froma flexible material so the insert 46 provides a seal between the
insert 46 and the uppdhegtgens im@nspn reletesvola rseth®! fonparfatming mrayeduce

evaporation fromt, Sui t abl e rials,.for the. .insert 46

i ncl ude, but arenﬁgr?m&;%lh?uéggqs&? g%ﬂ%ﬁﬁ%@’f%“&%@‘@?ﬁ%@’&é@%t Material. As

illustrated i9 Fhijlécale3Ahelrh6lesnlé Isipﬁ@i*ei'a_ltg%]. %ﬁtlzrgxﬂol%lé’tlﬂe,isﬂﬁl a&ckgprateaar code 20
e

48 fornmed on the support structure 36. mul tiwe plate 34 can al so
i ncl ude a surf ac©tEY typesof moleculss ahd magropeleculss mag visc becrystaliized nat i vel y, a

b d be f d | at g 4 t |.at 44
"hcl ude a sur  aceierBag e pldiaieigh, e Roltif pRidesiuhes mrlscuBl L wer |
plate 34 or plat %e?@ﬂ%faﬂ@askﬂ@dDQR&s?nﬁ]lggﬁr@ﬁl%bfy% 1¢a80R0Y DAflo, bfffougRde

sticker, the bar code sticker is 25 preferably ‘renovable tomthe miltiwell
pl ate 34 so diff @rienttedsiat thedewentian chrebé applidd toomelesilesghich loser madchlapl at e
34. As w | E‘f di scyssed | ater, these bar codes can be used to identify the
multiwell plate S#&WY/ or the contents of the nmultiwell plate 34 to the
system control | ogic. 1 AP > i arious
stations 12 of the SOTIr};itb)t er Ilqulgcr]S f&&%?&%%ﬁﬂﬁﬁﬁlﬁ%&gﬁi‘%&gﬁgl n
Figure 1. Fi gur esachAnivnabrysiallitdtiontindudesa dodmadontadimngia mplesuzttobea 18 f or

sequentially loading nultiwell plates 34 20 ., wo oor7saas 1 7 R 2004
pCTI US00/ 1 o711 Greizes ad 8 motike HoBar SOkt iR qrPosOR BUPEWIB Bhe pl at e
| oadi ng station i OIS s igure 4B is a
si devi ew of the %%’gﬂ{gfaagihﬁgﬁg?atoihgﬁe %ﬁ%’éﬁﬁ%d%&?ﬁe&] ongi tudi nal axis

of the pl ateld r aokicrodrystallizatidrstage storediundersqoaditions suiiable foruciescude crystals 52
positioned over th l.ate track 14 so the plate track 14 extends ,outward
Prom t he-base. of 1 foctiB it BB 15 HiE s, yiobSul r3bGLEERgw f HERSRRERI Y 1 g
receive a stack gHe dfpd.i APWiIl B ddsEfibedheddih, AR BibtiidRal Be EMBlo9Ed Agyher . The
pl ate | oading station 18 al so includes plate | owering nechanics (not shown)

whi ch can be engarysthilizatibmmethod imvdlvingdrdpspibeluding/dutinottlimitddaothenging t he 10
stack onto the plate track 14. The, action of gravity noves.a,n mul tiwel |
ol ate 34 i nto t henmy AR meBdH e P sl RiBFBAE R o at o
track 14. Theycl eafiAna@p REISWREALDR frdRlAl Gre RYREeFIR (A8 P N6 Bl Mees1d ack 14

is enough for the plate transport assenbly to transport the nmultiwell plate
34 | owered onto (WePhérsdreettal. nand W4S.dtat No: /0 B2 B(Carth®. t ower 52 as

illustrated in Fi 4A. On 15 mul tiwel | plate.34 has. b
transport ed from benedHARBat ey BE Pty oliofic g duhca ST mAl pe
re-engaged SO a QRYp vBlhuhks\&idr eﬁiuﬁ%l%,%'%Iﬂeﬂﬁ'ﬂ@dx&?%&&nﬂn@%&ﬁ@k&ﬂé%i s

al so | oaded onto the plate track 14. Because the plate |oadi ng station 18
can hol d sever al bawtystalidet ipless than adowd dils erpfierabtly ddss thap ebouti760 nbamiere

ltiwell pl 34 te t 4, th h | i del | t
20 31 can br obes SreiERpIEP EhAb U R o Sd gt HOUEOu T PL e A 1y
posi i oni ng each, gl i, ik i viuDis RRudthatat, dia0ho At el at €

| oadi ng station can be easily adapted into a plate 34 unl oading station
by operating the bptwea 1lndwe750md., mearh prifersblybetvecerl 91&.- SDRIng., mover se

operation causes a iwell plate.34 located bepeath, the t to be 25
rai sed fromthe ;B’F%{F%L{yrbﬁ‘ﬁe‘sfﬁ fg[nazg‘bafen“?d“‘tsha“ bwe?ﬂufq\ﬁ\éﬁso B‘?‘at es
34 stored within the cAppiiBamiébelfeve widt tit(ratel dfesistaBizBorfis @8pendesteonti@di ng
station 20. A bar code reader 56 is positioned alongside the plate track

14. The bar 30de dremvenm8avhers atystals femn fastenwhen smaller drop voluaeds atejusgd. an
angl e which permts the bar code .reader.56 to. r ead r 48 on a
multivel | plate 3% %ﬁ’sﬁhéry ﬁ%antqggtgﬁni%. °9§sra%‘§@cbry i‘ﬁ@&qgggq}aelfe?? Eoé’se bar

codes can fornmed on the nultiwell plate 34 or can be included 21

11



1 7 MAR 2004 PCT/ US00/ 1571 | wo oonsa4s on a bar code sti cker1 e{ﬂﬂl aced
on the multiwell plates 34. The bar code reader 56 is nonitore e -
system contmﬂ?’b@‘i‘% whi ch associ ates each bar code with a pBfTPEH4F!
multiwell plate 34 and/or with particular characteristics of a multiwell

pl ate 34. Suit abiguebausdtie thegirésest inventivaleThibsigniffcanttpinckdabistitheltirougtt he 5
nunber of wells 38 in the multiwell plate 34, the volune of the vveI%s 38 in
the nultiwel | plputsatsof thgraethed for determining\egystallizatipn couditiorst udes a pl ate

cover 44, etc. The chgy . STl Lt ] gﬁl can

adm ni stratively ent eﬁé@%ﬁﬁé&(ﬁ%@@g ggiﬂ?legwégt&ew;a#%g@%&?on eétg@%ﬁs%e

mul tiwell plate &?ﬁmaﬁelr@tamdnelmgeﬂdﬁopmndmim chises trstatite forndmesEe!r can
enter characteristics. such as 10 identifying particular nother liquids to

be del i vered 5 nt mpjsdy.tTheuptaof oguilibratorsis baligyedin be wolated 9 anelationshipur t her, i f
an operator uses, an external .method tq. deliver her, liqui.ds .into the
wel | g 3 8 of u't heb‘?“Fﬂ’F?’i( éﬁgﬁqe Bfgftog °§%{°’%ﬁ’8%ﬂ§§$)pcva d‘??‘idk'icelg?q‘g&?%ﬁlée ’?% Yhe
system contr ol 'g%’g%va S d¥ehiiétd on ARJpaFfade ded. The 30Facd &r@Aha dbgsent in

the wells 38 of tiwell plate 34, the sa;em control logic can 15
override nother Hoeguwiotldetedase bnsarlytwith the diop's yotume. t4s avasull, alletgev drapng

additional notlier liquids.to the wells 38 of the mulii | 1 late.34. As a
mul tiwel | plate Baying,PHsat B ﬁVP‘HB’Cr?it"ﬁ‘é‘Fﬁ?’idﬁﬁ%F-%ef ng"rsy“&@t 31, the
drop formatign Sxa}e%fgn%agﬂ%emaﬂw ikl @the sWFhR! driZ St thOBmaltetaesp. 10, the

characteristics associated Wth the nultiwell plate 34 can 20 optionally be
nmodi fi ed by the Bystdwingainop wdlumegine is abletodmprave thefdlatimshipdetvesngharg

status of the nulti | plate 34. For exanple he ,system control |ogic can
note when not her@@%@ﬁ‘?@ﬁ‘é‘@ﬂ( Eﬁ?’e%?rl?p\%%eﬁbc?r“Srfgoi?ﬁ{’ygmﬁe firP¥r ned.
Figure 4D 111 USt LAl ReSEAILAGONRAL UOB Bihilbn?2. The sealing medium

es a séa nber

station 22 inclu I ng ne 0 suspended over the plate track 14
at a 25 hei ght whi ch Adurthdradvantagewsfithe présantdavédnionds that sroalted dropder t he

seal i ng nenber 60. The sealing nber 60 i.ncludes a seali surface 62 with
a plurality bX s&%ﬂﬂ“ﬁ@a&%ieéwglé'@tt%]’%”@ﬂ t%??’nggﬁryéﬁ?:lﬁué'gﬁmq‘ig%di um
| njector can be Q%sﬁﬂr;{?@z&k%xﬁ‘ﬁﬁe@ﬁ?&g%ﬂi%&n‘%ﬁﬁlk cabbd ge&ﬁﬁ{edrminglm@l | plate
34. The sealing nediumTnjectors 64 are in hydraulic communicatiron with a

seal i ng nedi um 3fansmwamaunt 66moleculer dhisds of great sigaificagcerwheniinicdiffidudt tdel i ver ed

fromthe sealing 22, . 1 7 R 200 wo ponsa4s [FCT/US00/ 15711 .medi um source
66 to the porti oﬂgtB‘Pﬂfl?]E‘o?é" itﬁgegﬁfﬁaﬁ’&%‘? whpn-alarge RYeRaf soq i ng nedi um

injectors 64. Th hich 1 n&ﬁe&ﬁi%rmt&%%sﬁgng&?stﬁﬁﬁélﬂ#%ﬁe ub

{é.
8 on a multiwell plate

novi ng the seal i ng nenber relative to the we
34. The sealithg 5 nenhds fréfuenty difficuintogriodnes andcpirify tiemoleaulebeingwel | pl at e
34 as illustrated by the arrows | abel ed A The, sealing ngenber 60 can al so

be transl ated | at@s@llizgd., b the Fas6 of profe1nfiys tion, ft.5aR Tegire Onete (Y 1 at ed by
the arrows | abel . ' I -@:d.ff I imted to,
pneumati c pi stong’geﬁyoéﬁﬂu?@%tgpgﬁggkg e gé:dtﬁgiﬁgé?%“g :él\'/fgﬁﬁﬁr%t ors. 10 In
operation of t hecssallizagomeidsusingtdropsaareadé? thanhiepblimsiee.t Banaduoirtg the drapbl y
transports a nultiwell plate 34 into posi tion where the wellg 38 in the
nul tiwell plate Salu&eéngbsmei%@e‘)%ﬁg% cwﬁ@szde%ﬁricw@fqiﬂmnaﬂwﬁj Bctors 64.
The sealing nmb [ r&f: s ' B.2: b Srihjd CONt act
with the upp%? egécgﬁ%éf%fib?%@s%@gg%ﬁi%@huh@%%{ p al%d???lhl%ecause
the wells 15 38 e¢fat tdnebenperformed.| Aph adselt,Idbeamomesnfeasibledowaketa mbre seal i ng

medi um i njectors 64 before the downwayd rmti‘ﬁn of the _sea[igg rregger 60,
the upper edge 4Qombinaignl, SRqtgumappesash fqmealecule seystallizatinn tHalssines e or |

Once, the sealin C L S A : 1 t ﬁﬁﬁ 0 of the
wel l's 38, the segfelﬁ%{gé ﬁoe(fﬁ)ng%v%ﬁo?éguﬁg.?@g% fe\éhﬁaéngfgge : 'Pﬁggfo;tthgral

transl ati on cause@gsédiénweatbn'satiliztiveof 6B rhicrofteridedp volumes,iameed axistedtd al ong
an edge of the well 38, although, other paths | so be used dependi ng on
the geonetry3®f @Haimigs the nymber ofifrials that S’F‘ESI Pef{ggﬁiqagtqnﬁ RS érsgmft?f-’é

seal i ng nedi um delkj ] sealing surface 62 to the upper edge 40 of
each~wel | 38. Th?%@%ﬁ@% e‘é{%l ing mediumtransferred to the upper edge 40
of each 25 well 38 depends on the anmount of sealing nedium present on the
sealing surface 62 adjacent to the sealing nediuminjectors 64. The anount
of sealing mediumdelivered to the upper gdges 40 of the wells 3 8 should
be sufficient to create a substantially airtight seal between a coverslip
and the upper edge 40 of the well 38. Suitable sealing nediuns include, but
are not limted to, grease and 30 vasaline. 23



1 7 MAR 2004 WO 001 78445 PCT/ US00/ 15711 It is noted in regard to the
sealing nediumstation 22 that the station may be readily ad.épl MART 2004 use

wi th hangi ngvolo@masss ray crystallizations as well as with sitplcrRegogigp array
crystallizations. In regard to each type of drop array crystallization, an

airtight seal should bhe for.ned between t edges qf .a well 38 and a
coverslip or other f Hech%%ggrqﬁ?'ngﬁ%g'ﬁeWﬂq@ﬁogyﬁpﬁa’é‘é”’é@@nst% wel |

38. Figure 4E i Sca beipeinedl i thetarhlyad Bcfeaiedr THE Vsl s Ad

posi ti oned adj acent axl’dpl.ate track ?4. 'cl'he pl at eng%\%rﬁﬂgiog%#gfﬁg?%ﬁi on 24
i ncl udes a carriiaghe &&ydetfpicglly greaten than 8, prefetablyogreatettan bé usseat ed by the

arrow | abel ed A 10.an Iatertglylbyﬁs iIIu%tr?ted by the arrow | abeled B. A

plurality of vacgﬁwngﬂ&s HOSLRIBICERPIXgteater than 493 At iggeteddhat e are in
pneurmal i ¢ comung el BNmtirbdty RallihRAS ALEaYAC LHUISPUICE ULAR! §oyacuum
fitting include, but are not’limted to, rubber Tittings havi'ng a cup shape
and incl udi ng a exampleyapeppardtus fonpreparirigarmpsiwhich dmdluded80i t h a vacuum
source. 15 During, operatjon of, the plate cover renoval station 24, the

pl ate transport %&‘F{ﬁt"g} %%‘SQCWB?%FIP' plate 34 into position next to
the plate cover reno 54i5g th Burhfler dffmikdd %i]fz%t‘ﬁf‘dsl | plate
cover 44, the carri a\g;[gLIéES |st!hm)vedcrl ateraFVy unti é’?ﬂégﬁ o?e?%g&@gg%m
fittings 70 are thesirhy alseallowsear gredier marbeet vfdifferphtosteck3blutibhetoCy use@@e 68 i s
| owered until at least a portion of 20 the vacuumfitti n%s 70 are in

contact wi t ht% hefopm daemethgriquen solytins ysrd ip thesagtay c £or examnle. fermaiagithe or der to
i mmobilize the p 1) I J ) | age 68
is then raised t%r?élyfo sf?rg‘;!l?gﬁyﬁé\h&%e@éﬁ#m%ﬁgé %g ceé{eg%??'gﬁt ogFg?%g{){(;:gar ri age
68 '1ifts the pl abdomothemotierfliqoon sohsionsiided iethe aphpt ©pldnalllhgreatr thange 68 i s

then noved laterally until the carria 68 i s positioned over _a 25 plate
cover storage C%gﬁéﬁpreﬁeﬂbﬁﬁﬁrg&@ah@ g%e“@étP@PeF%%%B@GtefmaBlP%é@fﬁﬁte cover
st orage conpone SHYEE RS i . to..drop the
pl ate cover 44 irgttn?cg<2S t0 ﬁfgﬁﬁ%&ﬁ%ﬁé&g{ﬁtstor age ctgér)rp&gﬁgéraﬁa f%f&_c?lﬁ_@ﬁg?r}sygaﬂt he
carriage 68 li5s tdisrexceddl88ad 384 Forexamplgi apdpppratistdesstibed herepl ades 480Vver

renoval station 24 can be adapted to a plate cover 30 delivery station 29
by operating thellffprspistesselutiPBsoval station 24 in reverse. The reverse

operation causes a pl%@l 4 : ¢ 2 Wo
oonsaas 1 7 MAR 2004 /eﬁg%%xﬁéfﬂ&gg@&ﬁg@‘éfgl&é bggkrr%)cgﬁéﬁ% @égs‘aggethen
pl aced on a nul tvolehé ofxhather [Bfiior Wedrin theovelis isprieferabily [28s thys hbsut 500 uges bot h
a plate cover renoval statjon 24 and a plate _cover delivery station 29, the

p
pl ate covers 44 Risierbly less thaneabont Q0 o vrare pesielly less thanshostB004L and t he
sane as or djyffe oV 4 i over
delivery st gjtoi Oan‘;gLalglg%rtéﬁ%_b% }1?5? %pﬁ%@g@ﬁ%@ég@%@ﬂﬂ%erv B‘Eﬁfgg‘?& t gne ivery
station 26 wher ebeusadinohude, buywrernot Kmited to/25 €ld - 500 gL tahé 25kl -308 3.0 a
multiwell plate 34. The nother |iquor deli veri/, station 26 includes a
plurality of del'fifdpgardforming theamray phpprrasrystaliizations maydaclededformipgitye bl ock

76 configured t i : ARG . I '?{gpé | ocks 76
are coupl ed wi tﬁnﬁk%gﬁtﬂﬁégatorg%%}é%hgngﬁ%ae&m A5 ‘P@les‘?"g}% ocC 976 in a
| ateral directi ovolureé Rts then hlsout 560 pL AirefetabBclssslthamsbout KOG Aok by t he

arrow | abel ed A. Suitable block actuators 80 include, but are not limted
to, pneumati®® piRreisrbly lesathan ahopt 0ilons and el ectric notors. Figure 4G

provi des a top view deki . j, & 82
extend through the de |e\a/°é€§ﬂrﬂ¥%rc Ol%&#f@&%@eﬁ?@??ﬁe g’%&%é‘e‘huﬂﬁ% a
first delivery gplaeptotse maud smatle dieetbyl allowitigimere ovefls §bbe positidnied ohnaj ect or

88, such as a syringe, can be renovably positioned in each of the |unens 82
as illustrated imutingliplaterper unifarqa, Forexampls, thedf well plafes bayingagwall 84, 86

are arranged on i hd 1N be
concurrently 20 %({%lﬁ.a%le%gh\%ﬁ%b%k g?‘ﬁ%?ﬁ\%ﬁ%ﬁﬁ%ﬁ? sgﬂérrﬁq%t 1 wélﬁgzglg‘}aépe 34.
Accor di ngl y,30t heplatesriypicaldy uded e perfézh protefparistalibationr \Fugthernedietion dF thes
preferably equal to the number of wells 38 in the nultiwell plate 34. For

i nstance, when tRethgsliquopkelpmes may se employed ingrderdo fthes reguce platesizgs) | very
group 84) 86 preferably includes 48 |unens 82. 25'Each fluid injector 88 is
in fluid comrunication with a nother |iquor source. Mre than one fluid
injector 88 can be in fluid connunicatiop with a single nother |iquor
source. However, each fluid injector 88 kS preferably in fluid

communi cation with a different nother |iquor source. Figure 4H illustrates
a nother liquor delivery station 26 having five first delivery groups 30 84
and five second delivery groups 86 which each include 48 fluid injectors
88. 25 wo oonsaas 1 7 MAR 2004 PCT/1JS00/ 15711 Accordingly, 480 nother

| i quor sources are required when each fluid injector 88 is in fluid

o o - 11" £ £ a o,




Figure 41 is a sideview of a mother |iquor source storage bank7%hg o

hol ding different nother |iquor sources 92. The bank 90 i ncl 4des source 5
hol ders 94 WOr047AH4 in five colums and four rows. Each sourf&/Usg/gEll 94
can hold a plurality of nother |iquor sources 92 and can be slid in and out

of the bank 90 to pr Byiui %mmee\ﬁomeg,mesigﬁﬁwﬂylgﬁ@uﬂ&mu&@w@fes 92 bei ng
hel d by a single source hol der 94. en each nultiwell plate 34 has 48

wel | s 38, each swstalizafion tials cun bernerformes ysingithg same amottteaf sraleawdst hva | i quor
sources 92. 10 AccQr.di h.col um cont ai ns .48 t her |iguor. sources

92 whi ch can eaﬁﬁ&%é?!ang by goa§ 7 BERHPLH e[rr?fgry&fzriﬁ}zéﬁ%xh{naﬂr th i nj ect or
88 included in {f@msaRviBE ndthet [fudtisdidtibh t8 e nitste Wil Vhded ifR§h col um of

not her |iquor sources 92 can be associated with a single delivery group 84,
86. A not her 5| i qoroposiéen: cEhip aliwethegrathdrdiquarsalukion torbedarntedsif de2,6¥, 41 he

pl ate track 14. .The ther liquar .squrces.1 . ppsitioned on one side of
the plate tracksi °E§§%°€“?H?“?P‘&i“ﬂ“§’amﬁ?%§ﬂ%ﬁ % he del | very groups
84, 86 nearest that &hﬂﬂa&érd&xggetotmﬁ%m,h&éﬁ@dmmds{aﬂ%ﬁo&%rCeS 92
positioned on the opposing side of the plate track 14 can be in fluid -
comuni cat i on wifarmediof otept moremyltisvellplBes. Behplate preferphly davag lsisti2d of t he
plate track 14. 20 Durin ati.on the ther |j r deljyery. station
D6 The plate i PallegorE PERSBR 3 Ifrot S el apd et refsratfgstiemst Il 2
particul ar gpe @ dfigindatis\tRétheliqok Smhfier OIS QlnQfuseE hHRhAlISwSBecan then
nove the delivery blocks 76 so the injectors in a particular delivery group
84, 86 are ali gname siz¢ platerto cpplairsmaregwélls. t he nultiwel | plate 34. The

particul ar delivery block 76, and the 25 rticular deliver roup 84, 86
are associ ated with 1 35PKiRe ﬁqté*id?eéh‘?ﬁﬁaﬁtﬁmi%c%ﬁ@]rrlﬁﬁ?tw\éé%’w 4o be
delivered into ?f’@liiiﬁ ¥6rnied (hd I e iguors
are then deli vetrcgﬁa rom%ﬁ%‘ﬁ)sttﬂer Ilth}%érwés’gﬂ?éé%géggétsr%%g t he ’fﬁﬁqd

i.nj ectors 88 anthe quatityt dfehevertystal' Sdrushire hCharectetizagioad{ et drystdieambe her

i quors. The_delivery of nother liquid.into egch of the |l s 38 can 30
occur conc_uifempF‘?, R &r&rw&%ﬂﬂﬁl%?geﬁﬂ ﬁ@rdrPPﬁ?i’gra“\Fl‘gz‘_ﬁgél?@Fabl y
delivered into ¢a s?&&Q?ﬁ?@lﬁeﬁ)f@ﬁ'ﬁ@conﬂw&ﬁ%oﬁ%opsﬁ gure 4J
illustrates a syrihge punp for deli’'vering nother |iquor from nother |iquor
sources 92 into a welThe 3tthufd canraldotinoledd idphtifiyeng3he compositions of thosel i nj ect or

88. Mother liquor flows froma nother |igyor source 92 to the fluid -
injector 88 thr r QGPPT OB AR, LGOS TY LS e TS Ces ARGIDETtOmmng. (1 11 uid 5

conmuni cati on w : sf%lgza%ﬁ k L : Mialih@UOr Source
92 and the flui gaﬁﬁfi%agiégy: : ﬂé&?@(&)%%%fbﬁ?ﬂ tlahgtolg%eiqﬁ%deiélh blgan be
mechani cal | 20congindesscid wich exyptatsdeste detected issfurtheredirisg. t he arrow | abel ed A
A first pinch bar IO%,i S E)O itioned osgqu&gﬂi nput si@e of the, syringe 104 and
a second pinch bar 16&Y IS R& op§YieR L0 faepesto &Syringe 108.
The 10 first pi tai'.i_li’zra' AN s&ﬁﬁzg ' ; : : with a
rocker bar 110. Q{l-‘}Jrg] I gb‘g"ga}ﬁ %ﬁgﬁ} ocC e?%gs%?ébgé%%i&g?egu???g‘b&%osi tion
where the first sptionhlbdescriba] bedewpiDucing dperation bfithe cootallidatio®§ystmuiO,on t he

i nput side of side. of the syringe ile the output side of the syringe 108
remai ns unobst r GEHEYell yﬁg:s %R%ﬁqu?f\ga °i?fd’tl%tﬁﬂ'ag%%'p§‘ m#&e%@&%?‘?ton wher e
t he second pknc W)l ( | [ t on the
out put si deagf F h%g@yr%?ﬁeééﬁ ig%ﬁ\b\‘ﬁélrglgﬁggogg%éu‘?hgiﬁgﬁg?It(%tr?ggg!?/(}’rl#nge 108

remai ns unobstr gatiens 12lhe rocker bar 110 can be automatically noved between

the first and second positigns as illustrated by the arrow | abel ed B.
During operation of t]ﬁ’é cgﬁﬁhﬁ@%&ﬁﬁ@ﬂﬂﬁ%&k‘@ﬁﬁ%ﬂ%@ﬂsee%&g & the 20

first position %?61 bt Rieh eSS &t gggnﬁl ' d ﬂ?%% he
anount of not he%fﬁqfrg%g? o&glga%%rfﬁtgrtﬁed |§t¥% a we @338 ?% ﬂ{&his w%
i nj ector 88. Bedaudsrusehwiti theicedystailizhtioh spfemr Otihelude)tbptidre aorlémitédd tohBCsyri nge

108 is pinched cl gsed, the expansion of the volune within the syringe 100
by a particdPar 28 %P“@éﬂ@g? 8- LT POETS RS "&HMC%CSWWW&F&Q“ from

the not her |iquqgge; . : | e HRRBoARYR ) the
second positi onqg%gﬁ?r%g%g%?re ?Nla_ hlt%&tcdggﬁgslg%iﬁ%%’%%fo%ccorrp(r)esseglb}o)g t he
amount of nother liquor to be delivered into the well 38 through the fluid
i'njector 88. Because the fluid conduit 96 on the input side of the syringe
104 is closed, the conpression of the voljyne within the syringe 100 by the
particul ar anobunt causes that particular 3 0 amount to flow t hrough the
fluid injector 88 and into the associated well 3 8. 27 1 7 MAR 2004 wo
oonsaas pcnusoonsmi The nother |iquor delivery section discussed above is
for illustrative purposes only and many vari ati ons are possible. For
instance, a nother liquor delivery station 26 can include nore than five
delivery shuttles 74 or as few as one. Further, each delivery shuttle 74

o " - Y




wo oonsads PCT/US00/1s711 is not in operation. The drop forrrglt statl on
28 al so includes ringe punps 118 and a coverslip storage c nt) nddl41.20
for stori ng“ffb‘ll@rsé‘%l ps. The drop formation station 28 al so iBI/USdessTaI

pi pette holder 122 configured to nove vertically as indicated by the arrow
| abel ed A and | ahgobpktator ban usksorieddl infaé ask: biterrhies &bt WaRREiSe %} The

pi pette holder's 122 lateral range of notion allows the |pettg ol der 122
to nove to a var3ng{or toplterdhe progess CPh%q’Uleﬁg Saltfg&dsuaer mﬂ:crfmesrmclhée \basdrebasi n

112 d t h 124. The t

station 28 ai so TGRS SSmBRUE LB s Ry BPkreS Fokusdy Rslieoal be | ver t ed

as i ndicated by t he aDufitg bﬁé?ﬁidhdof%e J@mggﬁrﬁgyg@mhm Ag" %a ngg%m)ve
s 1n

vertically as indicated by the arrow | abel ed D and | afera at ed
by the arrows | abevess multipedl platp past sheyatipns' 13\‘@@1%&!@ peréirmy apeyticuidr not i on

| | th tte hol t | udi
Dositon over "t niueith, S i eaeb g BY alikaan HsteSh Yo Ao BB A PR Toaed | ons ©
over the plate tgaedn igtwherb el Rel mgﬁfcﬁﬁié QQusally ma&ﬁorﬁ&m 156 de

nmol ecul e delivery pipette 126 15 ich is configured to nov vertlcgﬁly as
i ndi cated by t he Thercoystdllidation system 1@ alspandlydess hanchdcadzadmgts;atioheOavhemw

| abel ed G and | ongi tudi nally as ipndicated.by arrowlabeledH The
| ongi t udi nal and? P#® S\Pnfhfrfﬂg’é‘ ﬁ?ﬁ@ﬂb&q’%\n/ Srysgllzationsystam @ r y

pi pette 126 {p b yﬁémhé& @se‘éﬁﬁéﬁn‘é&uﬁfs’cﬂ@cﬁiii Ot seflfd ‘iﬁéd‘&xx%ta%ﬁ'zﬁ' on over
each nol ecul e solution well and a plurality of 05|t|(§ns over the 2
cover sl i p-hol dercahdbt usth® @lpm/aesaahngzmdnm trethe tmﬂtmdﬁ mates] Sgccxﬁmhy,lthg t he

pi pette hol der 122 rsl hol d 4 and the Jecul e.delivery pipette
126 to a variet ysealfm%”qeg b&atpﬂg?do‘}" egmeggggeeo ’L‘ilefF‘Eﬁ“émgWG 8ide, but

are not |imted idineRisBiMRhQWEE bRRS, THYE ﬂn@defn toafeﬂ'?%s\éﬁ” ety of
notors. 25 Figure SCis a sidevi ew of a pipetie hol er 122 he pipette
hol der 122 i ncl ubktween the ppperedgesieach welliand 4 2811 caves, qmqmmﬂlyercsfaqmbmtasf rane

| 28 hol ds a nunber of pipettes 130 equal to, the nupber q s 38 in a
col um of a |t?’9\%‘16FSL§I’ g’ﬁ’éhéﬁposﬂf@eg%ﬁ?a@gwf Gty ’ﬁ@F‘Bnmf‘bﬁ spaci ng

whi ch appr oxi mat ﬁﬂﬁgg@& REUMRERy #thG M0 s5steiR 10R1sb 16U Rlaef T he
multiwell plate %ZS This 30 spaci ng permts egczs lfo)tlﬁpet serhicSO tsorqgaétg
concurrently. al |gwedramavm gatthnf Z4ewhere platé Coves 44rare Heliversduomr re@®oved 1l 7 MAR
200 wo oonsaas #SOO/ !&M%Each pi pette 130 includes a valve 132 and a
conduit 134 exte A% ve 132 to a syringe punp 118. The syringe
punp 118 can be used.freeéfsfam tirCsystii010 A8o mcnﬁegaeﬁo&l%ﬁl@md&@v gyive fluid
out of the pipettes 130 he valve™132 is configured to deliver drops of a
particul ar size statoon 2thwhere peither 1iy80rs afe délbseeddntophe welis ddéhed/arthe from t he
pi pette 130 unti l desired tg vol i S deI red fro DI te 130.
Sui t abl e val ves Tﬁ%‘?’ﬁ@?lﬁtﬁ% 15 “&F‘é"tﬁ%ﬁ’quﬁﬁ% ‘E)hvefﬁdéﬂ%qt &E’F @e]\ifal ves
and sol enoi d val aﬁﬁe%e&oaépna@or%ﬂiab%n@&eé Rudiabie\Rdn SHeQRS!. AurdRR! | as 3
80 pL. This allows production of mother [iquor drops as small ‘as 380 pL.
Further reducti omother ligeordampe delreratitinio/zpetiobpf theeeds ph psinglesmilived0 may
al so be possible vvoultﬁ be desi reﬂ and is intended to fall within the
scope of the preBldifsotheEmanipe WRHEaSi SRR e arrangement used for the

mol ecul e deljyery pipght é‘ryﬂﬁﬁmhéorﬁéy'ﬂehﬁlo hRRo idefuded E&fob?oﬂdmﬂg%ﬁtzsused

for the pipettes 130 within the pipette holder 122. Accordingly, the
mol ecul e del i ver wheiepaother lik@orsofram therariots svells a6 uged to dorrBGneaordmerecivowui t

134 extending fromt e val ye 13 118 . T ecul e

del i very pi petteo‘l%’ %htﬁﬂ}lﬁmfeés wﬁﬁ&?%ﬂf‘?ﬁﬂ’%ﬁ‘f%" &%ﬁ"@nﬁ?gﬁ%" as small as
3 80 pL. Furtherfc;,ﬁ,q Sﬁ‘sﬁﬁbdi‘s’éﬁl?@a&iﬂ's%oﬂtﬁﬁﬁﬁ Qd@?ééuf%'t%%be possi bl e,
woul d-be desired, Is intended to fall within the scope of the present

i nvention. 20 Fi gnysullﬁﬁd tosthe cevatglifise Wree dmpsmmnmﬁngpnbtbbxdmuoﬂamd thehe
coverslip ho cludes me~_ 136, whi.ch suppor urallty of
support cups 38@%‘23&&0 &?@\‘é‘gl"‘? ff?B’inadBBWrcé’V?’g@p {he&% H5H5° whi ch

approxi mates the spacing between the wells 38 in a colum of the multiwell
plate 34. This spacing pernits each coverslip to be concurrently aligned
with a different well 3 8 in a 25 colum of the nultiwell plate 34. The
support cups 138 can include an attachnent mechani sm 140 for inmmobili zing
the coverslips in place relative to the support cups 13 8. The attachnent
mechani sm 140 serves to keep the coverslips in place when the coverslip
hol der 124 is inverted. However, the attachnment nechani sns 140 can 30

rel ease the coverslips at a desired nonent. Suitable coverslip holder 124
attachnent nechanisnms 140 include, but are not limted to, a vacuum source
in




~ 30 wo oonsaas 1 7 MAR 2004 PC T/US00/1 S711 pneumatic commyny gaki W th
vacuum port iLioned in the support cups 138. Pulling a v ﬁ‘ ugh
t he vacuum gvo(‘?@?syes(r)ves to keep the coverslips in place on tﬁéy@%zl ]Iqi p
hol der 124. However, when the coverslip holder 124 is inverted, the vacuum
can be rel eased RepitiAngd ayergaekywelhsudhdhalihg ensinr crore drops haeg omithg t he

vacuum The rel ease of .t he v rel s the coverslips fromthe
coverslip hol dercofﬁrlf.lpﬁltagl?ee‘%éguﬁesgdgﬁgg{ﬁ%uf%ﬁmg%o% %1 i p storage
conponent 120 whi ch i R4 asd@bthar Bk dFop foliatidh stRBA B BSTeAdify 840 thTolip! d

coverslips 144 stacked on top of one another. The stack of coverslips 144
wi t hi n t he nmagazittiagdiopsinm siiting dropiregiens af gwmultiwelhplate bhéeliveriog sidtier144 on

the t ft tack | the t th ine 142. T i

bet ween ¢ he. agaresamAa il vslF odl ik atBBe RhAiEeE e moleRliBeor: cups

138 of the cover&},&mﬂg&@q&eaﬁ dtbp fegfd@ci Ng pernits each magazine 142 to
a

be concurrently igned with a different support cup 138 of the coverslip
hol der 124. Accor di ngThs crystaldization sygtemd aisoonsludesia pi8e gaverdelivery4mtioan al so
be aligned with different support .cup .138., Figures 6A-61 illystrate a

net hod f or opera?aQWbe'FrPéatﬁlF%"ﬁr{ GaBbe Sléf’%etdi%&g%ﬂ“%}“’(ﬂfmaﬁa fng drops in
each of the el | auffRydl pite Gt Hel'Bl trafipBited i pidinldaBing SfarRhS ot e
with respect to crystaqlzatlon of a protern,” however, "the sane nethod can
be used for 1@ yshaltiwellgilatencanf beaeineved fyqre thegilatetdaelc 14 asd stdfedFi gur e 6A
illustrates a drop forpation station 28 in the rest pasifion which can be
occupi ed when the dr oftlthes ?%%ﬁ%qu%mi@‘hwafﬂlﬁ&g‘w 1ihes Hsen
multiwell plate i 1 ; r4mgt:| i 28.
" the rest pos: {rions el [ZRSRRAE ol §hatf ol PRadCTE R, BTl ), B0
124 which i s posvdrionsetdtibns IPnmndedéviddd intoeongloatrmord subedystemsaeatht he pi pette
hol der 122 is 25 posifipned to the asi.nqg side,qQf the te track_14. '
Figure 6B ill ust?l?ﬂoé\éﬁ)égmg }%W%ﬁg{f S peted &ﬁf%‘%&&?éﬁt‘f’&? 13 op
formation angd t ' gk LOYERd £ i wash
Losin 130 fo% p?‘?ﬁfhﬁﬁ‘%ﬁaﬁ%’ ﬁgl%?%dg?t%gg 130. ﬂ##éﬁﬁfe%gﬁ%ﬁﬂgﬁég%@ i

| owered until theurthepeche stationasl 2aan beipbditioned ix h sequencegtiserithan thesequenbe n t he

wash basin 112. 30 Clegmsi,ng fluid is aspirated fromthe wash _basin 11 Z
and the pipette WystErted mkigie 1y 2jog ingtanee, theRIYE CPYRE IEMONY S18HEN 24 CAR Ben t he

cl eansi ng sol uti Qn:.: [ 1 7 0 . :

bCT 00/ 18911 (iRbitipke b?%ﬁ%ﬁéi’%g‘i@%é“‘f‘?“én%‘%eﬁ 2%1 %3??‘8@9‘?%%@5%“&‘%%35 of
aspiration and edegtdibéedofinctivns bsn begerédshtasa sihglestadsn.i Bomasanss o pldte
achieve a properly primed pipettes 130Q. Figur eaﬁc i.llustrates the pipette

hol der 122 rA8vedaVist deliyissy statinn 23 c2n bs formed|ipfsgrally wiis|thesdrop formatios p) ate 34.
The pi pette hol dgg,. i bl pi pette tip is aligned with a
di fferent well 3??#%%@82?5‘%&?%?%&%“%@ each pipette 130 is

associ ated with a parTheaboae stadbhs 3Bcan bednqludedtin e singledystei?ér das ehehniss ed
until each pipette tiA‘;i),is.ﬁgosi,tioned wthin the mother liquor in the

associ at ed wel | ingludad indiffersat igdenendentsubraystemsy For instange,she G padingm each
wel | 10 38 assocjat 1 ! ek hpP "ﬁxHﬂ&@{ i t he
pi pettes 130 upméatgﬁd&ggx\#%dr%\?eeagﬁe pI Beltotseeaﬁ;%?g?lr om oészve sx{lé%?rA portion
of the aspi rxt edliquridelivdry gatos 26tan beiacludedoinla sirplémothentibugridetivéry 130. The
expel l ed nother liquors fall back into the associated well 38. Figure 6D

i | l'ustrates the pistsan 8 b whip therdrap formatienystatian 2& and the,plateinlonding safions30 124
and i ositione : i_pet. 0| |l ' j disf4f ort
cup 138" The supiste S8edbRR kil froB AR totdhn S TWABI AR, AEPTCL
and t he att achnefiinctiogdwsocidied with a paticglag satidronded wotbd dared duet dueivigr sl i ps

144 relative to the support cups, 138. One or nore drops of m)E,her liquor is
expel | ed from eaePerafiqreefithe arystallizatipn systemskd, Jjox dnstanee s wothss liguors cag 20 a

result, one re f: ' ' 8 is
delivered onto ab%géipi% Eélgil lg{roqg%%frlgﬁ%EWLmée@g}’ g?)gﬁ g‘?“n%%‘%é%%%ﬁ%r are
expel | ed ont o t htheanwlemelliphse drtdrs tire drystallickeionspsteradOu bresuah aminstemcel i quor
has been delivered onto each coverslip 144. The total volune of the drops
delivered onto the coverslips 144 is strictly 25 controlled. As discussed
previously, a feature of the present invention is the

16




ability to deliver small volumes precisely which enables small drop vol unes
to be used.' Wth devices which can deliver volunmes as |ow g7 38R 2004

vol umes canybedgissvered with great precision. The precisi th'.p,{) soPg@70! unmes
delivered is preferably |l ess than about 25 nL, nore preferably Isess than 20

nL, nmore 30 preferably |less than 15 nl, .and npst preferably |ess than 10
nL. The preci si CBP%‘F}B‘W P@FFF?%”E& FoRAIRE Fafhes ligponseaches the @PtBYOpL and 25

nL, more 32  1;6u0RR00 08 aB@moter I ; erab ween 3
80pL and 20 nL, hégre plr%grges%ggﬁy bet Wgen é 8 pfﬁgﬁ%}tﬁéﬂg{&ga&% Ar%g?g&

pref erably betweenot3R{ipér metherHguods.intbitipwellsSE i1 | ustrates the pipette

hol der 122 returned to the rest p(f_siti on which was illustrated in Figure

6A. The ol ecul e del iAftEr ¢ migrgeysiallizatpn Qraybos beey prepagedhysprosespingwer a

lip |44. B in j L Jud Lip.144, th
o ecul e del pveriug el Bl riBY €SBl B8P L - O ok B R el gt
sol ution wel | armigie {odropeinlie miteodtistalizition afthyitartie sispive@tsadhe Once t he

nmol ecul e delivery pipette 126 is in positign over the coverslip 144, drops
of the nol ecul e fermnation f cryptalsd Yhepsrystplosre formed ina draprofja ertisulagvalh was

previously 10 dejlj vek. Rg"ﬁ [ a4 T . |l e
solution are del ?/%%lﬁg%tgcﬁﬁ%&a esﬁl\r{i%rabgﬁj#éég ecﬂ@r g%ﬁﬁ% cg%rﬁ%bgtﬁcgi S
achi eved on t he sgelvay shhpe) sizé dr timé forRtyaeal forpiation. When vl miother liloryesedd i s
preferably | ess than about 25 nL, nore preferably |less than 20 nL, nore

preferably [18ss inkesh wellrpdiffesant thoarystphandes ap e camparedigrietgmine  The
preci sion of th%gﬁa'é%gﬁagr @@lo'r\’& g&o&?%dgjritﬁ%%%ygtﬁdg?ﬂb\f@&gs&s?nd 25 nL,. more

preferably betwe nL,” nore prefera ween and 15 nL, and

nost preferably A&b%,%a@ﬂdem&rﬁﬂs-asIfdﬁ'fdmitfégfstdlliiﬂﬂaﬁc efipfen@nthidchhe
protein drops may be ivered in _any order. Once  both drops are delivered,

t he drops conbi rrsoduses weylisavhichkanbg camppred dvithdhe rosulty efpthes crystalizagion
formation. 20 After.formng a hanging drop on the coverslip 144, the

nol ecul e del i vere)’fp%?rﬁ%tf"{pe 126 proceeds to the next coverslip 144 until a
hangi ng dropsi s for mdcgmaltiastvnasixidncthdds chhpariddithe vesults of several i very pi pette
126 then returns to the position over the npolecul e solution well which was
the source for tonestalibzation expesigientsiip Ardes tontimize g camppdtionabthe uathedps. The

expel e 1 nto t ARuREE TR chiftidalioh BFa PRAERA oReub " Flalydd Ritblrief gl ' ©
nol ecul e del i veryychpique férepedfdfinihg htysedlidation trial.r Asdoafe sérkérnia pasfoirhedtt r at ed

in Figure 6A. Figure 6F also illustrates the coverslip holder 124 inverted
and rmoved into Radnitinbsiags\ad thertrial. da Figwre ditheerystallizationgxperments nul ti wel |

| 34. T || I LL iR 144 i
Bl faned ui t #0a doricuahy e Fouge et RO s ARPR SRR RAES S 404 °
WD 001 78445 1 7 (4R daRAdh afr@yéuSth e 1dAIGICS)) COrad 08, fn bivh aomylrwd8 whi ch

was the source of the nother |iquor used to create the hanging drop on the
gi ven wel | 38. Twasiabloyefthe mothen|iauar compositon grgdpcsemenialiy varied a8 sh@WR| i ps 144

contact the upper. edges . i I :’Igll e I medi um
whi ch was 5 prev%‘%%d‘ﬁ§x§§%ﬁ;é‘a$§°‘?ﬁgqﬁ%hgé§?98@é li?f 0 -EE’emwe ‘Islg{)%gl causes
a seal to be fOrdi?sialhﬁﬁbﬁeﬁpddmnmrepalfdmdMﬁrﬁhdpl—lh@vatmﬂroxﬁdg&m 40 of

the associated wells 3 8. The attachnment nechanism 140 is released and the

coverslip h@Sderintepvals of 2 apddka s BH paQeisgared Eapetlstq v intenvalsridlace over an
i at ed Il 3 8. i ' i 44 | nt
The el | 5 38 as i1 LusTIeriRifisin HRRaARI vd Ak RO ETBaly oy 474, | 11 ©

coverslip hol dersefedttoriBnesbre Biystallioatidn expegiments héchoydelditisd bast etystabsge, if
conponent 120. The coverslip holder 124 is pqgsitioned so each support cup

13 8 is ali-gned nd enistals fergn terhestiarystal rlike peecipitats: A PPATS SFEYSXBYMPERMent | 20.
Accordingly, each s, : i § bt i
130t 0 cach mmgei R ot Ak SR RAREN B Bk bidbph 0 T MUSONEL S | P

support cup 3038 saitlack oxdn Fipued Bl Fipe $ekdensiaterthen pérorarddod theed magazi ne
142. The attachnent mechanism 140 is e ged to i mmobilize the contacted
coverslips 144 rW%MI@@WXPW%%WCM%%BEW“@E15%“’%8. Fi gure 6l
illustrates the coverslip holder 124 returned to its rest position. 20 The
top coverslip 144 from each nmagazi ne 142 di scussed with respect to Figure
6G is attached to the associ ated support 19up 138.




The steps described with respect to Figures 6A-61 result in a Ra@&igﬁ] drop
being formed in each well 38 of a single colum of wells 38. * e éps
are repeat edQR8¥784% hanging drop is forned in the wells 38 &ETaKeHISED um
of 25 the nultiwell plate 34. Once a hanging drop is forned in each of the
vel I's 38, the mul tiweAlfinelsaicen 34 stilivation ExpeAthehOisipaffofifdd by ddldnily o ThE
crystallization system 10 descri bed above can be adapted t'o form'sitting
drops. This adaperystaldigationarpy basedomihe mathes higuer campdsisiomotsedin d i quor

delivery station . ] f t.ion station 28. For j.nstance, the
not her 3.0 |i quo?rggél%oﬁn};& g?é@?%tnsg&”g&%mgﬂéb&lg&ol‘{?S%TFfrbé‘?‘{‘%‘tddér | i quor
into the wel regFighe %ds thé amtayldbéled®s|. Therlompdditdant

sitting drop arra€ﬁ§4 1.7 yl\/n&R_ZOQ4l PCT/ US(%/gll s711§lr€ﬁngdr%g@?{ggt8{esﬂrﬁ]ﬁ?dzati on
such as the rful tintk¢ fingyscaean caystalligationramay dre selepteguhyemaiing Spelt viriatiahd i, t he
fluid injectors 88 of the mot her Iig or del ivery station 26 rrug_t be al i gned
with the well re S?II_QP‘H“%? o"E%H{oﬁlée f’?fe‘fse? F{]@%Fdﬁg&ﬁgﬁe\m@& PRtthe t he

wel I's 38 of the ¢BukdeisiiRbh. Phrdxmpfe, ifithé fotlel GRHRS us@EfThe & &@écygfl}ﬁa@f.the
not her liquors into the well region 41 of each well 38 vvlt%out de ivering
the nother |i quoapHbetweenRed aidthe mpthkrdiquordgitimseltaf crestallizatioin had 8 pH
Sdapting the ar off bIERPBRT SENKET BHPe38 G TE FEPTTIGeR GO Pavect Bbop
formation stgfi | pel : Ca?ﬁ@%&ﬁfd i rated. i n
Figure 10 SAIE-\tiSEolgtlert‘r2 %ﬁg%@‘%tg 'thﬁ}é&ggyrrg&g%% iﬂ1§I relati Oﬁgé}t}%ﬁﬁc{tﬂoﬁu@ﬁn fted in
Fi gures 5A- SE. Hopldwéabout Heoneatah gedusk theiacramentgl thange ircthepalne it the \fiaki €S
fromthe nmethod ill u]s;%rg:ted in Figures 6A{a$' . Figures 7A-7Gillustrate a
met hod for oper a¥F%58 Fohd on sEnrs ininctsmental change smthe pH dirmeadthe £9as¢ dr ops i n
each wel| 38 of @rdanldd {59 : riar | L drop
array m crocrystalrl i ?agzégéﬁmil?%ﬁ hg fisgﬂg%g%ﬁgééﬁglgg%vﬁ#t#“ggﬂpect to
crystallization diring the Buescreeniaiaseshown in Rigusesris (et hod can be used for

crystallization of other, {ypes of | ecul es. . Figure 7A illustrates the drop
formation stidtion 28 "’Hﬁéﬁég%ﬁﬁ*énﬁg&f crysfaliization expemeptindhe fine scregnaee 6A.

Figure 7B il | ust Lol . Sitting
drop array mcr oiélra{ygfda |(?§éal:tdl) gﬁéﬁo@%@ﬁﬁoﬁg%h%Qgé)é;n%é%lgl&m&r op
f or mati on. Accortté best yrystaisadr crystadl-1ik8 previgiface. MLdrystuMizhtiqh experidéntisBlebiddes a

wel | region 41 adjacent_ to a sittipng drop region 42. Figure 7B al so
illustrates the ‘gé“ﬁﬁﬁleeﬁ‘?ﬁﬂcﬁé?‘ °P‘E?“P&Néij‘“|"m"g°$’@sﬁlgw&ﬂ a\achoxtharingas K. basi n

112 for primng 1 : i i . i bed with
respect Lo Figur 8 g IRk urbathe RREIG R o B PIABE RERIET00 Moved
into positi @@ owme nzightdbolate tinf crysthlsfoidkdi in theexpetimiehy@id peffosth -rag¢.  The

pi pette hol der 1éréisrfositi,oned S0 each piBIettetipi'saIi ned with the
wel | region 41 i ctiprt e the isolited Frvsialsta resplyethe melecyls'siorystal sirugtas. i n

Figure 7D. Accorgli i i i - \M rticular well
38. The pipette 'ﬁgél?gdgo elfggﬁél]?mhg\%ér 215 I{?Jorlttﬁi&ﬁﬁtﬁhgﬁs?fg %moegc%gc@e%?rﬁghe IS
positioned in ttexperixhérsiin bidgtiar grotvi aiditivasl dryeals OHBWE Vet fith@Erostals Férenedhe
wel | region 41 oJ th sociated well 38, A portion of the 3 WD 00/ 78445
17 MAR 2004 PCIYYripg ?ﬁ‘?ﬁf&eeﬁﬁf%@t of a suidiciendy fugh quelisy the methenliquone |

region 41 assgoci fiMHeb oBtiMl €akid E;B‘?h : [ t he
pi pette upward tcgﬁrggrmvep?ﬁtgmp#%g%te t %lg roe%q Hg%?lléngggi.ec%&g%?ti on of
the aspirated notiven expeginumsasthe stanting poipefbt @rladdionad fiad sqpedqpe tRigure The

expel l ed nother | iquors fall, back _.into the associ ated well regions 41. The
pi pette hol der fh%gﬁa?staﬁmﬂﬁ‘ma of fing serpenyirpaallizationexperimenty fabgledifiS t he

sitting drop redgj 1 Liaks | ] i Ilystrated
Tn Figare 76 Onolapta il ds Seaki BRlcclirspidtigh bR ol RleReis 3 1
pi pette onto thepesomingatfindr sirédn argayciasgl dregsedectedPexpbfimant @afbelrepeaie@ nor e
dr ops of thg 10 nuthen |iquor froma particular well region 41 is delivered
onto the sitPi ndnl} dpitabls methapligor isidentifind fappse iBPrepariag emystals. of not her

| i quor are expelled onto the sitting drop region 42 until a desired

vol une. of nother |iquor has been delivered onto each sitting drop region
42. The total volune of the drops delivered onto the coverslips 144 is
strictly controlled. As discussed previously, 15 a feature of the present
invention is the ability to deliver smalljgvol umes precisely which enables
smal | drop volunes to be used. Wth devices which can deliver vol unmes as

| ow as 380 pL, volumes can be delivered with great precision. The precision
of the volunes delivered is preferably | ess than about 25 nL, nore
preferably | ess than 20 nL, nore preferably I ess than 15 nL, and 20 nost
preferably | ess than 10 nL. The precision of the volunes delivered may al so
be between 380pL and 25 nL, mare preferably between 380pL and 20 nL, nore

Y o

oy N o - "~ NN



delivered onto the nother |iquor which was previously deliver 3 w%ﬁhe 36
wo oonsaas 1 2 MAR 200 PCT/US00/ 1571 | coverslip 144. The droﬁ ecul e
solution arevdedTs4¢s ed until a desired volune of nol ecul e sSOPUT/US0¥/15%11
achieved on the sitting drop region 42. The precision of the vol unes
delivered is preferabiye ;695 QamzakRUhetRstnd aBRAEuRsR Bledhbs¥nd €SS than 20
nL, nore preferably Ieses thacrfgllS nL, anf:l nost Sreferagly ch;gs l'Elhan 10 nL.
The precision of invetionohaynesustditd perfarth thagowbs scréen dpRy wepanin®nSlepdritedd 25
nL, nore preferaply between 3 80 pL and .20 nL, nore preferably between 380
pL and 15 nL, an’&%ﬂﬁgt%?@f%’r?aﬁ‘ifgﬂé?\%@ﬁz% g5¥ set,of moghey lguofgg‘aﬁé‘ er

| i quor drops and i - Yo REedRkH q hidrdi%. ¥ e both
drops are deli Ve;gxlggfou?%g@%lr%sgﬁfémepto or%%yg{agi tlﬂlﬁg %ir E{plg%tego ?e

st udi ed for c3ysthalfirectrei avay edpetjments iy dldouist peafoenediusing theng dr ops f or ned
on the sitting drop region 42 of a well 38. After formng the sitting drop
on the sitting dmésossribzation methadsand apparatuges qfr\%? Efefﬁnbg]["?‘@mfé’é Y Reeeds

to the sitting %%@%gl“g?’f ob@iz%@ﬁe%éﬁ%*nﬁcrgliﬂpt” a sitting drop is

formed in each we e” col um. e nol ecul e delivery pipette 126
then returns to the pBiguid 3N ilhistratesn tdiprndewnlf eanuléwslbplatel Hrwhieh maybech was
the source for the nol ecule solution used t? create the sitting drops. The

mol ecul e sol uti onsedawith the mypthads and aprsratuses of the|Aresept inprntion QP i%

expelled intg,th | e ' st}ﬁ‘?igl! f ushd ' ist ting
drop, the cog%rs ?ﬁ“ﬁ%ﬁbg?g%gék%?one %o\}jg\?qk?%e m%%bg{hé%%{f %tg%si tting
drops, new cover igshidesa aigportl stractRet I defininpewells 380arranged in talutens 2hd8 and t he
drop formation station 28 is, returned to the rest position as descri bed

above with respemaws AAlthoyeh Figre 34 illusyates aspitiweld plataiywith e totalef f8ct to
Figures 7A-7G resulit -6 .8 SitLl I ' fa i e dnd I 8 of a
single colum of w\%Jelf F%’q%e@ii%éég@atgtg’g%gpgdrcggregpeat e%erlfjhrﬁ.%?fggwﬁgn?’gg?ng dr op
is formed in the well Figdfe 3B praddes acidentewodf tRSmultbvatlplate\dd lillusphtetdén 34. Once
a hanging drop is forned_in each of t he nultiwel | plate 34

. e.wells 38,
can be rnovedi?o Figaradh: Eaghawelb A8 “NN‘QBB’QHP%%&%%& otending aoyetheat e a
nmet hod for operatj t f Er[gip' : ) d I bR and
hangi ng drops, t%dﬁ%gﬁg'lﬁ%tgfe répﬁ{st Fxgér?ggtgetééa I F%Qoe{;&g%(%ge@o%%ﬂ {(gltg#ej{@as
crystallization beskelifgerdiu,sach seireasscandempplicdts thewpper edgedOr Tinel t i wel |
pl ate geonetries. 37 1 7 MAR 2004 It is noted that the é}ézpaéa uses
described in regsunportstmeRyre 36spreferanty haga gpomegy which allpws meltiysd Ptesdr e

sensors which Capo%ﬁétg%%p‘éﬁé%&oﬁ%gﬁgwmhgmap@/g%r“mm% dr ops

have been forned. a sul € sensor 1s a Sensor. VWi |l e
many pl ate tp@cksvithdh@wdll comests of hn adjacnbmuitivelibglated4used with the above

stations 12, Figures 8A-8C illustrate a ,preferr&d e ?digfnhi@gf a. plate
track 14 for transpor Figwe Haillysiaies 2jonyiew of 2 multiyell plate 3+ Whigh a¥bs: i ons
12. Figures 8A a | ' I i QK hBgordpyn the

| ongi t udi nal axi g&ﬁ@g@ﬁ%@g&%@g@%ﬁs#r@% %lrféﬁtk}nggrll(dd& :pncl udes two
spaced 10 apart pitiigdroppiray hicrbbrystaldization. ABG]lesttatadd theumieiwell platerdda pi n
carriage 162 positioned beneath the_plate track 1 The carriage includes
mechani cs whi ch mmaaemmwcﬂseégé%@ansﬁg“ﬁﬂﬁéﬁe@% o e gmBFQ'E"L: track
14 as illustnated . in. Fi 8 . ] r | £ ; he plate
track 14 as I’Z?I ugtnr)g'f 'eé‘%él‘?@l @Bﬁg“%ﬁl%‘é@g@m?g’&ﬂ% ?éqﬁs{a?reg#ési devi ew of
a plate track 14 npandweil platddr éandacledda diffordnt nampenafadelis8ofA well tegivml 41

pl ates 34 present on the plate track 14. Th trgﬁla_gort. a serrbl.g ihcl udes a
first pin carri adeadigznt top siting dEoRKeioR Ay | u [SITHAR TP PR [H4£I5n
carriage 162C. Eagh.0f. st i j Shhinkf 2fe st fpgured to
nove al ong the Igl(rflg’lufdfgia%gfﬁggf:‘g@%yﬁ?f}%gte tra%%elll}ighsegoufglcq}ugtrat ed by
the arrows | abel gegidn 4Bcanik fositidned ibs amkeidesofithe el 38nds of the arrows

indicate the range of notign of each pin carriage 162A 1 . 162 The
first pin cadPiage 16fA8‘IihaDtm'8V‘fiPﬁ?ﬂg?ﬂ"ﬁw@gmeirg@@wfﬁﬁét? g‘gﬁﬁ‘ﬁ%ﬁ%‘ﬁﬁl urality
of pins 160. The i r el I i i with an
approxi mat el y coggggggédﬁgﬁgggéﬁgﬁ%!'%?&gggxg ?E§§ﬁ¥a§?ﬁéégggwx%ﬁgﬁg5 pin
carriage 162A, 162C serves to maintain the displacenent between the pins
160 during novenent of the pin carriage 162A, 162C. Each pin 160 is
illustrated in the extended position, howgger, the pins in one pin carriage
162 can be withdrawn while the pins 160 in another pin carriage 162 are
extended. |In another enbodinent, a portion of the pins 160 in 3 0 a single
pin carriage 162 can be extended while another portion of the pins I 60




Wi thin the sane pin carriage 162 are w t hdrawn. 38 17 MAR £ 4 AN
air gap 166 j ilpgd between the pin carriages 162A, 162B, nd_each
of the multi Ioﬁﬁp ates 34 positioned on the plate track 14 ég‘?&ﬁ&’/ 7 H
carriages 162A, 162B, 162C do not contact the bottom surface of the

mul tiwel | plat eswsl 38AAsillustated by thisent-away, thiersittia® Groaregion ¢ carainoludé he pin

carriages 162A, 162B, 162C can be nnved.al o t he | itudi nal axis,of the
Cate Drack 14 wIRRBYIGHE v ohERe B TR B fral Seteh P e ikt e
Wien the pin 1604p exexdiapdeevaihd sifportitrictaRr 6. auR 1% & edge AR YSHeREBY t he

| ongi tudinal axis of the plate track 14, the pin pushes any multiwel |

pl ate 34 obst r ucwidrenough shai'adayer af/@sealinpmgdiuime stchragigtaash, can baappdiedfio t he
plate track 14. 10 As de cr‘%ﬂb above, .t he te.transport assegﬁlﬁ, is used
to transport §he%'}ﬁHpPF\'/\E‘?° i '2&5&%@4%%"%@?‘8&@@ E@eﬁg%’ﬁ‘e&?’ 3’11 he
plate track 14. Varkopsimoel piaRE34 % 6dadkBe oR ket 6F dnk Afdthdriwitiiut Bfe
associated with a particular station of the crystallization system 10. For

i nstance, when apmuifiwelwplate }4 mtterfefing ivdthitheweldd8 aontpnts bf aromdjféentmbhiwetiode on
the mnultiwell plate 34 can be read by a bar code 15 station and when a

mul tiwell plate aletg 34| ocated at position PZ, a sealing nediumstation 22

can be used to apply i i : %jgﬁ, wells 38
of the multiwell plat 2‘@1%@ ﬁ%ﬁ%&l‘ﬂ@ gﬂtlg&ﬁu#?}ogm%h p a?lgpg% %42£posi tioned
at P3, the mubti vdstratetdn Figie 3E.NTheplpesotérddedn be desigried goeheadovehesiel i very
shuttles 74 of a nother |iquor deliver tation 26'. 20 The follow ng -
descri ption descPP&t@suﬁPehﬁ‘?S?édOPSFhwl%é t Ré IRptratediin B1aroi R an inses by f or
advanci ng the nulj i . Ly i dP to
the position |abé& e%ﬁ‘%‘%&tﬁﬁ’e"%&é?‘?ﬁeﬂéﬁg F‘gﬁé%%@qﬁﬁgg’k@ hg‘&rr%?%e{v}\lgl |
plate T, is |ocaigertab rests bk ke upPer edgbedoofiibe W6l0s 38) THecinderr 49 capibe carri age
162A are withdrawn below the plate track 14. The first pin carriage 162A is
25 then nmoved t oremevapls fromythe plate cover4 o5 carche ReTaanenly gitached do fieplatet r ack
14 as illustrated i I Gl Caal. i . ved
from positi o?P, 9?\:,-)&35,59#3%5%524 Gb%ﬁr?ogﬁrﬁg&?ﬁ{én f#?)éﬁle&art]&gaggé ?‘gg’éﬁ %6‘%2 to
the right until pheideslatseacbdtwidnaheiniert 4Gaqicthe uppsredgai4Opdshe wells Iin The
pins 160 are then wthdrawn below the pJate track 14 and the first pin

carriage 162A i s st ireducsvaporaton fomythe,wally 38, yitaplgmatereals for the inseti 60 ar e

agai n extended a e 4 ' }Qﬁk ond pin
carriage 162B ar gg\}\{\ﬁh&u&(}r’ g%ﬁ%&@ﬁéﬂ& %%W%ﬁ%é@&# E‘%%@F the plate
track 14 and the second ilustratéd iniFigiee 38 2Be ntultioale plateB4tdas inchide atfarcbée
multiwell plate T,. The pins 160 in the second pin carriage 162B are then

ext ended abo¥¢@ t 48 fermadeon thg skpppat simerureris. dhesmeltipelh plate 34 cgalspareiuddved to
the right until | 44 T LSl e L..ROS| ti he

plurality of pi ntagg?fégléaggde%ﬁ%tgq%ﬁa#‘ﬁes .braétxgdg slﬁgl?e'tgl g‘d@éﬂauglgﬁgﬁmﬁg%%;l -Iél wel |
plate 34 at one $éraded@n 4 plateccopéropiesrsiciplats covdd4tdan iktuds aalitfhceadizedtosyst em
10 i ndependently of another multiwell plate 34 bei n%[4pr ocessed through the
crystal | ization $5§ivera bay codestickes  Whersthe gultivell plate 34joxplate ¢aver 84 34 can be

advanced fromP, . Q] i yée:!l-l ' j in place
at P,. 10 As ar scuﬁl‘{%? a%%@ ?ﬁr ?%ERIME% e 35%h&t§§g§€qdét§engle\?\n§st h
different stasi opgefdrdblyfehiovisit frofi tht afultixelCpiate 3@ spraifeseet &dr ¢ddes ughbe
different stations 12 at different rates. Further, different pin carriages

162 whi ch nake ufixad to apioglemulsisiel platg 34 ofs will berdisensead lajer. thase bagrodgent
t whi ch _ | ed : ar d.nst , th
£ st pin carri agat Peoa Bladnlr il hul el Rl IR ET bR ot A0 |00

in a nmother |iquesultikll plite 3¥ 36 B8 sPIen téiftrol ligic) pin carriage 162C can be
included in a drop formati ogﬁzz&stem 32. Crystal formation can be detected

by exami ni ng each dr ofFigwes fibnstgte spbodiments afi the warioup sigtippsekZ0fthe|

enbodi nent , yst al : i : akk or
crystal qual ?’Py %ﬁ%r%ggéﬁ%ﬁgs%agﬁ%?d %y 1gﬁegh Fﬁaﬁ#%rf%é%&é%vi ce.

Di versified Sci enllisiate a plate loadinBitatid i farseqbmtidlydoddip hakiweilqsates 34
CRYSTALSCORET"' which may be used to automate the scoring of crystal
formati on. As described above, the systemcan be used to perforned
crystallization trials where various nother |iquor are screened for their
ability to crystallize a 25 protein of inRerest. The crystallization trials
frequently include a coarse screen followed by one or nore fine screens.
Wil e the nother liquors used for the fine screens are often dependent on
the results of the coarse screen, the nother liquors used for the coarse
screen can be standard for each crystallization trial. Wen the nother
liquors are used to crystallize proteins, a preferred 30 coarse screen
preferably consists of the 15 sub-screens listed in Table | . The nunber of

I - .




The conposition of the nother |iquors included each of thESf sub-screens is
listed in Figure 9. Mdther |iquors having the |isted conpos i WAR 20an be
obt ai ned fr Wo ¢dsason Research of Laguna Niguel, Californi apcAasob/Asrsirat ed
in Table 1, a total of 480 nother liquors are associated 5 with the
sub-screens of t I qﬁ%ﬁ : S her_ L. rs are

i ncluded in the %‘g%rg gttée%é%glﬁfan gﬁ%ggegglggﬂg%lgg 5%2"1?%#508&&&%?“9%38%% 48
vel |'s, the coar seokingaerssthe phate wakildrane Figuye 4B Goasddvitey ONthy pldtk pl at es

t hrough the system, Further, the sub-screens generally include 24 or 48

mot her |iquors. lﬂg%asataﬁgm% looking dopaitee lonsity e of o platmaackol 4 e

sub-screens. 10 f j stal .screen 14815

Crystal screen Iffli ﬁj@?ﬁ%ﬁﬁﬁmﬁ%%ftgggé%olsgfo%\%g%& I%SWME 50

chlori de24G i5d RREHRAOFARO! 4@xtehdPofBvatd fror thechab©of tHe Rz 92 UThe v Soum
hosphate ~24 . PEG ion screen4d8Menbrane protein screend48Det ergent screen

p P . g ' P { g

| 2425 Det er gent iBgiudesy chuteFbsizadde mcelygastack of multivvellplajes Toramigedioneni ¢

stren;~th screengn4to %SEE% of the nother |iquors used for the coarse screen

can be stored inon e of the ot her | i quor storage banks. However,

the nunber of 41  WOTROpI4G T6adink statidhRS 20B4ndhedes pREDbWeridd m¥ekdieds (hbauor s

whi ch may be needed for different fine screens is Iarge enough that storage
of these nother shoymmdidhraanbe engaged todewer amuliivell pldte34 gtthe hptsem ofikiso
include a statio Vl\(h h..f on

¢ Pl il i, 3R RO e Y R BB R Ve

sol uti ons an

one or 5 nore exiemithe pysitieNsf & hultBvdlBslte3a I6Waad 6ntb i plateqragkngen not her
|l iquors fromstock solutions and to deliver these nother liquors into the

wel s of one or Hiydegrangedstweentheeplale tavess 5¢ and theplatdagkr ldcis eewgh fior ough t he
system When an exter nal em | 0 | Lyer fi en
mother |1 quor o, Thes Bimsh afpinhiy 1 BairoR b bUAR i 04 Bvered i

l'iquor delivery plekeSaak il 9Bui flord iuflddr thedtodeOs Tasifludiateddn FRyuee4AhOrdeltheery of
not her liquor into the wells of a plate. As a result, the system control

| ogi ¢ nust D& i rinaltiveedl plate 34 haghege fapgpored fpmdgacatints towertis platyuor is in
the system An . ser interface el ystem
control logic vvﬁigg;ﬁﬁéggen e%?ﬁg%écg%ﬁea%ééegaggﬁaesg&yxﬁﬁva%lﬁl%eﬁg?a'iﬂi%gtgtpg del i vered
into the wells. Hitload 8fthe ¢Rlty 54 Aalsdil64idet @htoti€ pRteltackl1 4! Bebaisk B platear code

whi ch indicates that nother liquors are already present in the wells of the
pl ate. Exanpl e lloadingtatiey 48 ean hold severgbmultiypllplates Isandsequantially ppsitien i ty of

mot het i quor comebatyasT PR 1R Ihe il bk LR e Bie AR 0688t Ui
chloride at 2 pH 0fantproéess hiaky waltivwel fited Hewltbngian péatepnfaaialBd by the drop

formation station was different for each experinent. Figures 10A-10D
respectively 25 pasitipninggash spujtisvell platg 3thea thawlpgagridd.dr ops of 40 nL, 100
nL, 200 nL and 1000 t r I dl e fad NE
reduction in drop si rzli(;l.m éght%altggr%n?uﬂﬁ,%n\tqﬁéﬁg%gf:%ﬁl?ggﬁ%g’gtosazgla% 3{4h

submi croliter handoalingst@ionp) sp¥RBing Ehesplite foweriig ndethanids ih riddrse? Oids VWO
001 78445 PCT/ US00/ 1571% Thed/l?‘ystem ge_scri bed ;%(gve was used in a

crystal | i zati on everse oparetion qapses gonwlbwell pliteot4 Ipeated-bepsath the towes 52 yasbe y e

was optimzed. . _Durni.n he, coar scre 480 crystal l L zati periments
wer e perforrfed uﬁsﬁa ﬁé’%& e&la?? ﬁﬁiigﬁnﬁﬁﬁﬂéedrtoI%i‘eqsgao%é)tfmué%wgi@@pﬁs?&ﬁ gure 9.
The resul ts fromterdRvitdin tiHeehd8345 experi nents were conpared to one .anot her

to identify one or nore cr%:rs;al l'ization experinments yielding crystals with
the nost desirabl e chBieswe4s illysrates a g sodst repding patdon £G: i A §agendeseadse péen

experinments was i 1 el :30Q9 (+/ -
2-met hyl - 2, 4- penl;’g}?l)g@f)g%fgo%ygrﬁﬁ éfg%{ﬁ%ﬁnl]( g%‘e?g{ %&%%@%ﬁfegﬁ%?ﬁxﬁéﬁ oride,
at pH 4.6. 10 A fowaed thelphfe trackisi 4 bh AGglo hich pernifid te barzaide o¢udexp@td ment s
was then perforned. The conposition of the nmother |iquors associated with

each of the ¥ crepdedar codsi48em aanytveldlnte34wersths plate rack el At deseribed t he
conposition of the her, Li r ! e igenti fi se
screen experi mn&oﬁg%e%obﬁ%gﬁég F%@%&-ﬁggéw %@{:l}}@fﬁitel 3?"q(;t}'oclraIslIbge cg]gfergd for
the crystallization 15 experinents of the fine screen are listed in Figure
11. The concentrations of certain conponents in each of the 24 nother
liquors matched the concentration of thesg conmponents in the identified
coarse screen experinent. For instance, the nmother |iquor associated with
the identified coarse screen experinment and the nother liquors for each of
the fine screen crystallization experinents were 20 all about 30% MPD and
100 nmM sodi um acetate. The concentrations of other conponents in the 24

not her |iquors were varied over a range which enconpassed the concentration
of these sanme conponents in the identified coarse screen experinent. For

e - e o - Y o ~ o~ N o - N 1



Each of the 24 fine screen crystallization experinents were qqrrmhe{kto one
another to identify the one or nore crystallization experinents yielding
the 30 nost Wee¥ 844 e characteristics. 43 1 7MAR 2004 wo o&&IAHEI/15711
prnusoait smi The foregoing exanples and description of preferred

enbodi nents of tdiea paresdaitidkanmeveiptatedon the muitihedl flates 3heThebaasds of
illustration and description. The exanples and preferred enbodi nents,

however, are notTeR¢fr SAdeAoniEPredby thissysemcongpl logic whirh asspeiateseash basn to t he
\ . e il L ve ! ) e
i TT be hapar ent CRE A il ol ofREXs EROL! WAEpRAMTAEMpdtnais O0°

chosen and descri piiwell platgans. Saitdies thaadenstios ekida) but atePd dimdited thhe
invention and its practical application, thereby enabl %ﬁr;tg others skilled in
£

the art to urfdersumabes of wells 38/ svthe ovwltivell plate 1y thearolisng svedlsdvin the
i difi ti it t h ti | 0 t | at ed.
Vo oy TRt et 35 et the bRk p it 3138 BRI AR 0 0

claims and their equiygl ditdteridtios<? aruldWel blate 3P caPbe/fRARisHAVell S Cl ai med
is: 5,1 7 MAR 2004 PCT/US00/ 15711 1. A nethod for f)erform ng array

m crocrystal | i zagrterad int ardereto éndi¢ateinformation @beoutyhe multiwedl plate 3dandhe i ons f or
a nol ecul e, the nmethod copprising. formng an array,of . .

mcrocrystal | i zaﬁyis't?ﬁb‘_';mg"ﬁ Bl ggg%ﬁlaﬂ%ﬁ%ﬁn&ﬁ_{%ﬁm‘ftﬁﬂﬁs fB‘_’baasqr op
conmpri sing ajgrot f&@ﬁ&tiﬂyk@%ftidﬁm- HokHaR 11438 €0 BOBRIRGHdIiffd pastidulsr Wéilshignhnthe
array and a nolecule’to be crystallized, the drop having a volune of |ess
than 1 ~, L; st ormohbiweheplate 34y Fuarthen; i€ an opgraton ubds anteiktemal methd toaletlivari ons

itable f I l e.crystals to,f i,n the d in th c..and 15
dot ect ng. ol ecumater A infauraeits 36 oh e el $ate 34, e S ero iedor di ng
to claim1l wher e t%%%dgmﬁgt 1%1%.8(%&5@3%&&@ rﬁoth.gxolicﬁzids-r%ﬁ aigidyod

according to claim Int e Is a protein. e net’hod
accordi ng to cl apreseht idthe wielis 3 $ef e cndriwkk platee3 4 dlwe systenl ecomtdoh togiecagpht of at
| east 500 da)Jtons. 25 5. The n od according,to claim.1 wherej.n.the drop
has a vol ume'“of ?mgqmaﬁeg%ﬁé%s%ﬂ?“% mﬁﬂ%ﬁfﬁ%ﬁh‘&& Tﬁ’é‘ﬁf’r”& #&“PB laim1
wherein the dropyRggr Bq@d dTRe REIId FHS thE aulARAVplakOfY NL. 30 45  wo oonsaas
1 7 MAR 2004 PCT/US00/ 15711 7. The nethod according to claim 1l wherein the
drop has a vol une of Asswmuitiwell plbted4 mecesthrough theeothertliqudr deliveryi ng to

claiml1 wherein the drop has vol,une of . _between about 1 nL -- 750 nL.

9. The et hod ac§ya$=m%th%da'evgqrmaﬁ°ww32@ﬂ@°a ?qu?ége FYSBILmEoRt bet ween
about 1 nL - 500 . i 1) Wr}g%ei n the
drop has a vol u”%@{(')efn ggt%%h@gggt%ésrﬁ%ﬁ%@gh%.lﬁ%fwe%#em“}rgt hod accordi ng
to claim1l vitter evpricnaky beodified bl titkesylstess cdnitwh logiintorddd@o rdfleat theot her

| i quor solution. 15 12. The nethod according.to claim?1 wherein the wells
i ncl ude |ess t hawaag!aatstaw@.fmmﬁlflw%mi@? 3; &ab?xagmlmeowstewonﬁ%?%a hod

having af | east oo BEEEBEL e b b AdIE oF BB s bl tin Bfhed N
met hod accordi ng to cFigura4D illustratesia sdatingueicdium statiom22. nDhdsraling quedium
sol utions havi ngstgt&oxll 2e2a”1§1£lu§esca() srggl%]ge rrrlltersnb\évxhé& st]usggt?deg %rvizretge \;,Jvla.tceh%rgckt P4eat%r ray.
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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25 15. The method according to claim1 wherein the array includes greater
than 96 m crocrystallizations. 16. The method according to c{gi MAR 200ser ei n
the array i glesqoreater than 192 mcrocrystallizations. MAR
2004 wo oonsr}ggg Pcrigusoon smi 17. The nethod according to g‘?%’f}‘?ﬁ"f“émgr ein
formng the arra%ﬁg,f m crocrystallizations includes using greater than 48
stock sol utions 1B SRR 06 A thseortianpf she ssaling susface 62 adjadent tdthe sealiny. 5
18. The met hod a@%&ﬁf-ﬂiﬂ c psd&I aim1 wherein formng the array of
ude

m crocrystal lizations inc S using greater than 96 stock solutions to

form the mother |i quoThewhlitg mmbemahmet@.ﬁ)lﬁﬁrﬂﬂactﬁorﬂﬂﬁm%ﬁlg?}%
according to claim1 wherein formng the array of 10 mcrocrystallizations

. g
i ncl udes usi ng gfcelirgmemBsrplirghative ithe wisllsi38 oma mutiwell platerit. tetsealig quor

sol utions us i r di t.g cl.aim1l wherein
form ng the ggrjr agxeo Errﬂ‘{ag)ére é@gﬁﬁ@?g i ogr}}s%gla %c%ﬁ}?ﬂ%L&%ﬁP%aﬁdﬁ%tegrbéfps

Wi thina vol ume gagowslatkied . Il eaingaineriber 20 cibals2 be trkhita B LGy ACCOT di ng
to claim1 wherein formng the array of mcrocrystallizations i1ncludes

form ng the dropelative o amaltivsllplate 3498 dlusatedby thelamowaiaheled®. Rbitabkd 22.

The net hod according to elaim 1 wherei.n.fornmng. the arr of .. .

m crocrystall i za?‘i%ﬂ%rs IUH;@}%U%% afeor}o&!ixﬁateg&oe pﬁ?“ﬁ@w\ﬂlﬁt?ﬁsng%d@ﬁll‘%%mf’%mge of

| ess than about if diotricilly d8verfmb®irdlod for perform ng array

m crocrystallizations to determ ne suitable crystallization conditions for

a nol ecul e, lhe net holh cperapien of thg scaling medipnnFtation 2 thef plate transport

m crocrystallization each _m cragr lJ,zation conpr.i Si a ing drop
conprising a notfiare -MpogtgF&lﬁ%\ﬁ?’%@%ﬁ%ﬁ%&qsﬁ%ﬁmﬁiﬁ%yﬂ{ggﬁﬁ.ﬂ t he
array and a nol egidinfuliRelPglarMsdré@bdsitioied bértkathdheBealfy BRMiuY irfedtts ¥ae Of

| ess than 1 pL; 47 1 7 MAR 200 4 wo oonsaas PcTnsoons~i ~"storing the

array of m crocr ¥be seelingmember<50Lis tayeredoundil thesaslingsurfagd 62 sdn conthetowitie

crystals to form,in the.drops.in the.,array; and detfec}] nol ecul e, cryst al
Cormmti on i n ¢ helngnpt S8k AR5 e pRliSa 5l B el Bpfeiid. dgedibsc e e

i crocrystaljg zajg ense hiteladelae 38 afd dligAbd itk thesdedling madiuBTinfetidd 64 ons for
a nol ecule, the nmethod conprising: formng an array of

m crocrystal | i zabdfergdhe dayarwand mobien pEthgisealing mesrber 60y3he uppry edgs#® of ng dr op

conprising a noth |l ador .sql ut i whose conpasition,varies within the
array and a nol _e%aﬁpé" eP %63 C%?%/Ssat %‘?‘f‘?&‘&g;&‘?’ﬁ@ bp %_B’ntﬁﬁﬁ?ark‘&géu{#fﬁe Sof
less than 1 p, L;inSdoffabtgith the uppéradgedf 408fahedGélNsSIF tHel séalingOMEmBBOSY is
conditions suitable for nolecule crystals to formin the drops in the

array; and det ecletemajlyrtransleigd e The lateral tranglatien ¢avsesi the sdabingimepber 66 t@5. A
met hod for form ng arr jcrocrystal ldzati determ ne suitable
crystallizatTon é@ﬂ%ﬁ%ﬁ@f’%ﬁ? a-([f.nﬁ&?{gé%ﬁ %tl,tﬁet H&l?ﬁgxa@@a“@b?%?i%%wg’%f ormng a
first array of niled Betiséd depenidim@ionAné gedRietly offkie WallsY33t AMtid BedrhlGthnglati®s | Si Ng
a drop conprising a nother |iquor solution whose conposition varies within

the array and a Wesiséassithe seabing aegium deliversddd the: sealing swfapei¢2 tythg uppervol une of

less than 1 p.L; 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  wvasaline.
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storing the first array of mcrocrystallizations under condi t4 prarsmog abl e
for nol ecul e crﬂystal s to formin the drops in the array; detecti ng nol ecul e
crystal for MR 9%G#45n the drops; forning a second array of  PCT/USOU1s711

m crocrystal lizations, each 25 m crocrystallization conprising a drop
conprising a nol ecul dt isaoted if kegatdiol the adling thediuibiaton L2 thadtheseltidh nay Whose
conposition varies wthin the array and is based on one or nore nother

l'i quor sol uti ondereasdiiyiadantedforiuse withhanging droprAreay oryTtellizations pswelhas wer e

detected; stori i he rray .of mcrac talll ions.under
conditions 30 s&g Pa%ﬁgﬁggﬁ]%ﬁ%ecﬁ%%ﬂﬁtggg 'aﬁ’srreg%dﬁ éreirlnghlat%p?ﬁgdrapgﬁgy in the
array, and det ectystjlizambeacin frtighy SdabShould teefotred betwiebe thdredpss of48vell 187 MAR
2004 WO 00l 78445 PCT/ US00Q/ 15711 26. The net hod according to claim25

wher ei n dropJi s 2384 REAYSIAP o wsher form of peverpg msanbes Ahich is placed eyezithn well
wherein drop is sitting drop. 5 28. The nethod according to claim25
wherein drops forhed in the second array have a volune of less than 1 p, L.
29. An apparatus for Figure¥Bgs & sideviewdfiatptdte covap 94 iremaval 3tatiol 24 Qositioned

m crocrystallization to determ ne suitable crystallization conditions for a

nol ecul e, the apgitcentadlaeipek . nEhe plaggicaverdidremevakstation2dnineludssa | pl at e

i i tionabl e; a. i d t ation. | ' th

| abor froma picariey by copriadedlo BvEyEhaly B0 iR B he AERR LR g

submicrolitap VQhdHRSaly asldlusPitfEby tHeCindiv abeled Bg AEH&Q&? oPPacui@’ mul ti wel |
nL;

plate within a vol une range of |ess than about 25 and a nol ecul e drop
station capabl e futing$él0 are coupledswithrthsroatriage 168 aod aresis peumatio| ut i on

containing a nolecule.ta be.crystallized to the dgop.reqgi ons w.thin a
Vol ume range of PELuHGR SR Rlsgsanle Visgied soupr o SEIF SR g o ng o
clai m 29 wher ei Rudihde, BRE 26 hot IiAHE todhbBersfitihiPhavidiEa E\F}?SHZB& Wﬂn@luﬁfm@p
station are each capable of delivering subm cCroliter volumes wthin a

vol ume range of avaseum part impurumario communicagon witha wgspumasourseaccor di ng to
claim 29 whc?éein t he t her | - station and t.he.nol ecul e drop

station are'Bach cap gﬁeﬁgﬁ#\%fq%k gﬁ%‘fﬁrﬁ?rﬁ?\'atléﬁaa%%’ SPRSG hin a

volunme range of a8gor A3MEY Ghtived @ nillitiwdi? plate st MBPPSsHidEneXE foPthelbAg t0o claim
29 wherein the nother |iquor drop 30 station and the nol ecule diop station

each include a poercehevdl station afy ¥ the multbwelbplotedddlds\acplatd gover #4,the/AR 200 wo
oonsaas PCTNS00/ 15711 _33. An gpparatus,.for f.arm ng submcroliter hanging
drops on cover SPTP8° GQWPWQ%Q%&F%‘H@&*%??&Y%?W%% Y BT K ne

sui tabl e crystalgybz@é hfiikiwaD late 7] STHeVarrfag8BB S IWviered iRil APRES AlpéRtion of
conprising: 5. a platformon which a nultiwell plate is positionable; a

cover slip 20at ithnvasnumifitihgsd’Qodraiméantact withdbe platd ¢oysr 44.eThoeichironabl e; a
not her |iquor drop stati.on capahle aof renovi ther |] r froma
plurality of wel’P¥ei qcﬁgatﬁ;ﬁrx{)?ragtpl : %glolzﬁﬁ'ggalg% (PP l%_i%‘dﬁit?: liter

vol umes of not hQhrraig€l88r The cdrhiGgdb8!{sahéd tised tERY SfiginhItReight! Thevarival ume
range of |ess than

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 returnad to its original position.
The plate cover removal station 24 can be adapted to a plate cover
30 delivery station 29 by operating the plate cover removal station 24 in reverse.

The reverse operation causes a plate cover 44 to be removed from the plate
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10 about 25 nL; and a nol ecul e drop station capable of deli V,Féleﬁlﬂ‘
subm croliter volunmes of a solution containing a nolecule to 2004
crystal li zeWoOt0878448 plurality of coverslips wthin a vol une PCARGBI/EHT] ess
than about 25 nL. | S 34. The apparatus according to claim 33 wherein the
mot her 1§ quor digperSiodhdeonitdrett® s @eMbRCEH 60a luivilibifE 84 28BRnGaPabl e
of delivering submcroliter volunes. within a volune range of |ess than
about 20 nL. 35crystallimatiapgestem U8 usesdwotlta plpte ewvet rmoval3tatios 2¢iand & piztarot her

i quor drop 20 stati.on and t.he ecule drop  statio re each capabl e of
del 1 ver | ng. s ubmeErSI Ry St 2d F PiieyeRti el P ds Fos Foha! abou
15 nL. 36 The apaghahuin BEARIHMEGs bAdifleAniirdh HOBIRI viRas TRAGH, eauor
drop station and the nol ecule drop station are each capabl e of delivering

25 submi crol 6t eplaotaveedeliverastatiendd. f our coverslips at a tine. 37. The

apparatus according to clagim 33 whereiLn the nother |iquor d station and
the nmol ecul e drop st ﬂ%ﬁﬁgr‘%a@@c‘ﬂe%a a prothes Aiqpen qeliyes ﬁb‘“%é&e’@F@Iq ter

vol unes to at | W&g?@%ﬂ%ﬁfd&ﬁ%@& IS tHRiwellstI8"BE a miltinll PEQJMMSI{%%Q’QOM%)r ops in

00/ 78445 PCT/ US An apparatus for formng submcroliter
an array m crocniyabeddlivent stationt2s ideludesra pleradity ofxdelivenysinstied 74. Zzchon

diti f I le, th i, Si nNg. t i ch
el ©pl at o shupgiedes agfudty BocR 78 iRRERed Flde firBiick uAmoRS dipabl e
of renovi ng g0t Mk, kiU pIbHAMSAPLUPR ith BlockBlrioRfs0hRidihi kuRlely Pl at &

and delivering submcroliter volunmes of nother li1quor to sitting drop
regi ons on the rlddks ®6lin a pterhiedivdction relativead theeplatamgek bf ad ilesratddehy thbout 25

nL; and a nol ecul e drop station capaple of deljvering subm ¢roljter volunes
of a 10 sol uti orrievnabgled fg Sé“tﬁ?JFg&ﬁEé"%mﬁeg W@&nﬁ" %’édmflémtt?fgt%i tting

drop regions wthi .V {, 25 nL. 39. The

appar at us accorcﬂgﬁ‘é}n?%c@%ﬁ%@\%ﬁ%?gﬁg?ﬁ%aﬁgﬁﬁﬁ&ﬁ%wr drop station and
the nol ecul e drop st #Figae 4G roeideda wppady of atieliiery bleck ff Aphealityiofr ol i t er
vol unes within a volute range of |ess, than a 06t 0. nl,. 40. The, gpparat us
accordi ng td3cl dmwmmgthrquﬁh qlf@?ry{ﬁl‘afgof -d “@F%ﬁécﬂﬁe ;‘H&i"‘ahe

mol ecul e drop st iqﬂ.sg# LIWRH 8O GI8d i &korvol unes
within a vol unet]fr?ttgr?ge 0 eﬁvﬁ@ﬁﬁ?ﬁgﬁﬁa %}%&g@@%{ %Q‘%ll1l§ The appe?? atOJs
accordi ng to cl #88pxidf aslaayrhge, tirebenetroaablly ipgsitionett inrash afttholumensi 82 he

nol ecul e drop station are_ each capable of_ _delivering subm Liter vol unes
within a vol une iHesygtedgn Fp@gggﬁhgﬁeg%ﬁﬂs 82gn sach daii Q’.gﬁuﬂé‘{’ﬁéﬂr"f or formng

subm croliter drﬁgg | I ] §ZAhineR ﬁrﬂm‘éﬁﬂ rmne

suitable crystalTi z%{f%nnﬁggﬁgﬁrggﬁgk?g#ghgr{o@ggéﬁg&&lt%e mgt h?) corrp’?i si ng:
delivering t20 a aighédvithy differdntopell 3oftamuitiveell plata 3dolAcoerdinglygtheof | ess

t han about 25 aL subm croliter vol unes of nother Ilqugtrmfif)l ut i ons, whose 30

conposi tions varrwnwefﬁ_fhmtqaé%irr%?fbdaﬁ%ﬁrsgrOuw, 8B iR _ YI\MFF"ZB@ZF _
PGTNSOO7 L ST11 Qelolpe? bl Bud 98 e Rlutiidil bikeeods, dicR skl Hhen Rl ter

vol umes of a so on contarning a nolecule to be cryst lzed wthin a
vol ume range of plses34 reludad8urell238n¢ach dabveary graupt84; 86 pretrablpingiudesé8
submicroliter volumes _delivered to each 5 drop region is less than 1 ~L.
43. The method A¥BERE8Hg to claim 42 wherein the subnicroliter vol unes

delivered t 0y5eac h drop, ;.81 Hljéc%orl $335 id 138 BREMInicafidn 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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10 44. The nethod according to claim42 wherein the subm cr olgwﬁﬂgrres
.

delivered to LOp region is |l ess than about 500 nL. 45.

accordi ng t o™ a@?’f‘ﬁg‘b wherein the submicroliter vol umes deli v

drop region is |less than about 250 aL. 15 46. The nethod according to claim
42 wherein the subedosdingly 80 wotheniguatspirgesraseirequiredhwherdeaoh fluibjinietdrs

bet ween about 1 -. /0. .nL. 47. The meth accor di to claim42 wherein
the subnicroli te%d%ﬂjﬁ’é‘g COFIYEGATaR Pﬁ%ﬁ&% [B‘?tgffqﬁ’é‘gf WS bet ween about

1 nL - 500 nL. 48. Thesig@fefmk@ﬁ&@@@&&@m@ﬁd&é&&@ﬁsﬁg@b%ﬁo fo

submcroliter volunmes delivered to each drop regi on between 1 nL -
250 nL. 25 49. Tihelding Aidterens oanthfir liguersouices 2. 4Phevtapk 80 inciudes sorog cr ol i t er

vol umes delivere each drop.region is wi,thin a valynme ran of less than
about 20 nL. 30. %?I‘fgf%fz‘f%@%sg&ﬁﬂﬁ GO W&P%rﬁysmﬁ@ﬁwc?ﬁgﬁ%’&%ﬁfﬂ oliter
vol umes delivere ﬁﬁﬁ:{]i {i i Lt r, ess than
about 15 nL. 30 glde)aA nmet Iﬁggpggpﬂ?g@%rﬁ%ngjb%%sgﬁt%r Ear?g?%gtﬁtg%s on

cover sups 52  Daik MR pfifidewasyarnesa s the@othis0iglossdhices 62 beiag held B ar r ay
m crocrystallization to determ ne suitahle crystalli zgti on conditions for a

mol ecul e, the metSHEH R haldes§4. MWhensachympltiyyellinlatg 34 welly 38 sachy enpvi ng
h [ f j : | . | : [ i
Subm or of e vor s Bolefph bierni¥fiolss 1 tiehedt okt udtsBiBeg 0 | U2 O

within a vol uoe rAareriingly] csh colomn catrains 48 mother liauet sdetcey'$2 whith can each

subm croliter volunmes of a solution ,conqs, [ning a nolecule to be
crystal lized to t&dn fnid ¢ommynigatioadyity & 1&6"5""1 yidjinjectos &) inpludediinghe same ess

t han about 25 nL; i t I I :gggll liter I S
delivered to eacﬁe%gevrg%ﬁ@pé%’gﬂ g‘égr?s&gh&gﬁg&wgﬁ rrelgﬁ%cf OF%F 5 ?grc %?ﬁg
submicroliter sitheias@cittapwith asinglealeliverpigrauprsdy 361 Amutheriqlor dourckibadR t O
determ ne suitable crystallization conditions for a 15 nol ecule, the nethod

conprising: taki 7§ can ke Rqlydad onsach Bdeefithe plateirack 1 Fhamother bauersgntnss

each region iacl yding § L RO j I i.ng,: a. not her
[ Tauor Sol ut 1n waeeduBed bh bROSEE Gtnt RledR1A oy ¥ 8 ERbus

nmul tiwel | plate; wit the delivey groups 84,861 dearestthdtsirof tHe tidti whikehied mbotheyor
solutions fromthe 20 wells to the sitting drop rﬁi ons within a vol une

range of |ess thaiquemiagrces92positigrd anthe opnasing sideratithe plate trask Vhrambssinof a
e, th: _ . . e
gt ona i thi n o T SdiBERSh bih B RlYe Bodpe 84 AS0n BE il ucSRe |

vol ume of the subhetradk 14€r vol unes delivered to each sitting drop region
is less than 1 ~L. 53 .A5_.AS..A . Al _. A ASAY9.$3/e. A{

A . AhYr . AS. 2@L. A, . Afurime oneratian af Hig methey liggorgelixgry Atghivn 2A@he Alste.. A9. Ar . AU

% AS. A Al . AyU. A9 A A | .
r. ASh. A9. A@%/ % A@I‘@‘%&iﬁﬁ%ﬁ}iéﬁ"f‘i\%@l@ﬁ&’@ﬁr?“&’éﬁf‘%i Pagipulanong ofthe ; 5
~ytoj e_ZU ca] caU]d@ﬂIe?ﬁ]bwd@als.c%@aﬂoelah&adtmlsg@maieﬁafl@a]meadéli@aﬂyom@@] ca] ca]

c”a] ca] ca] ca] ca] ca] c”a]c:al]ca]calca]c"al)q - )
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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&sr XC&B[ {vql gb] X] c] ca] ca] ca] ca] ca] ca] cal] caV] ca] ca] ca] ca] ca] sai %CZ%J ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! fuS(gqv|s . ¢

a#f #h#nmitr #u#WRLIES44 908yt o) e [ V] ] ca] ca] ca] ca] ca] ca] caV] ca] caPCUpwalsTia] ca] c
a] ca] ca] ca] cal] ca] caU] caj ca] ca] calca]lca]calcalcaljcalcalcajcal B & &&& H "' (O

U cal ] bal cal ca] oa] oaj ok AL IS IAETE IR} BLA L LA SALEBLERET A 1 7
*/1/20r001G11182 zﬁﬁh&élttluéﬂsbﬁﬁcﬁ?]ﬂ ihitc-8 Sjelir3god 2 Yjultiwelbplar] ahfough almad cal cal ¢

a] ca] ca] ca] cal] ca].ca] ng)vﬁ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
899. ;y; ; ; s<<<<<<@8Bjecto hauor flows from a mother liquor source 92 to the fluid

@aaon=AAAAz upkf a calc al.cal cal cal ca] ca] ca
] c”a] ca] cal] cg\/] gr\aa}é%g] cal c(g'} cfa%]ﬂg'g% gﬁ@%@a%@@@kﬂ% } %l“da] Jealcal

Cl CCCCCCCCCC! PADRBRIRR|nkatibn HithQEif¥e3 8 pospiohed btlviahe alott Gahsabarkca] ca) ¢
a] ca] ca] ca] ca] ca] ca] ca! cal. ca] ca] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca] calcalcalc
al . HWHHHHET 11 ] 93@} d ingector 88. Thevolumew1 the syringe 100 can be

L\ LLL M MVIVNNNNN
ca] ca] ca] cal] ca] é’%?%‘]%% ca’%le]% ca] %@Lf @Eﬂt’% d]cbgltﬁg%ﬁ% a}:’gg]oCQ?]Q
x QQRARQQ) RRSVSSSSHT firstHivivly b mllgﬁﬂsiﬁdnbli oa bt dipedidedfand lioaksa@hcal caj ca]

ca] ca] cajc”a] caV] ca] ca ca] cal cal caj, ca] ca] ca] caj ca] cal ca] ca] ca] ca! - W WAKgXXX
@yYyyyzvzzzi [ [ | \seqon]d]p]mqh'bar pojitiensdPnzniopippE g et thefwirigsal08a]lha] ca] ca] ¢
ajcalca]calc ca ca aj ¢ a cal! bc

c!:cc] cZ!:dhLd ] d’d‘b‘l&%ﬁ%@t@igﬁfgﬁ?%’%} E}hﬁ ]"ﬁ’:lf’ﬂi !}hcaa%ogg% g’&% cajcalc
aJ caj ca] ca] ca] ca]lqe] @@Frgailec‘ﬁ] e FeoRe i 1 20 66dupial & ikt pbsiads dheRlBaklstal ca] ca]
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' position a particular fluid injector 88 over a particular well 38 and the mother
10  liquors can be sequentially delivered into the wells 38. Accordingly, a
particular mother liquor can be delivered into a particular well 38. -
Figures 5A-SE illustrate various stations 12 that may be included in a
drop formation system 32. It is noted that the drop formation system 32
illustrated in regard to Figures SA-5E is adapted for a hanging drop array
15  crystallization. The drop formation system 32 can be readily modified for a
sitting drop array crystallization by causing the mother liquor drops and
molecule solution drops to be deposited on a sitting drop region 42 of a
multiwell plate 34, such as the one illustrated in Figure 3C, as opposed to on a
coverslip.
20 Figure 5A is a top view of a drop formation station 28 and Figure 5B is a
sideview of the drop formation station 28. The drop formation station 28
includes a wash basin 112 through which a cleansing solution can be flowed.
Suitable cleansing solutions include, but are not limited to, water. The drop
formation station 28 also includes a molecule solution storage component 114
25  having one or more molecule solution wells 116 for storing solutions containing
the molecule to the crystallized. The molecule solution wells 116 can be capped
for storing the molecule solutions when the drop formation system 32 is not in
operation. The molecule solution storage component 114 can be refrigerated in
order to provide cooling to the molecule solution within the molecule solution
30 wells 116. For example, when the molecule solution is a molecule solution, the

solution is preferably kept at 3-4 °C whether the drop formation station 28 is or
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109B& () -Y 10%%&'5ifibn over the wash basin 112 and a position over the coverslip holder 124.
The drop formation station 28 also includes a coverslip holder 124 configured
to be inverted as indicated by the arrow labeled C. The coverslip holder 124 can

10 move vertically as indicated by the arrow labeled D and laterally as indicated by
the arrows labeled E. The pipette holder's 122 lateral range of motion allows
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 pipette 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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valve 132 is configured to deliver drops of a particular size from the pipette 130.

'_

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

31
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y$z10%& () - 1D%t&lannlof We¥E3§ Jrrthe 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 pipette 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 mother
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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U& () - nnZOYOOODdeEYNvaaslglustrated 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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The coverslip holder 124 is lowered until the coverslips 144 contact the
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 to be
formed between the coverslips 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 61 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 Figures 6A-6l result in a hanging
drop being formed in each well 38 of a single column of wells 38. These steps
are repeated mﬁl 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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‘e afigngsovith theweld fegions 41 beforejthe mother liquor is dehvered into the
wells 38 of the multiwell plate 34. This alignment permits delivery of the

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

5A-SE 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 microcrystallization.

The figures are described with respect to crystallization of é 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

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.

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

tip of each pipette is positioned in the mother liquor which was previously

delivered into the well region 41 of the associated well 38. A portion of the
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The 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. As a result, one more drops of the
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 'of the drops
delivered onto the coverslips 144 is strictly controlled. As discussed previously,
a feature of the present invention is the ability to deliver small volumes
precisely which enables small drop volumes to be used. With devices which
can deliver volumes as low as 380 pL, volumes can be delivered with great
precision. The precision of the volumes delivered is preferably less than about
25 nL, more preferably less than 20 nL, more 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 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
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
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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| preferably less than 20 nL, more preferably less than 15 nl, and most preferably
5  less than 10 nL. The precision of the volumes delivered may also be between
380 pL and 25 nL, more preferably between 380 pL and 20 nL, more preferably
between 380 pL and 15 nL, and most preferably between 380 pL and 10 nL.
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.cs 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
oflthe 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 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.
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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| sensor is a LED sensor.
5 While many plate tracks 14 and transport assemblies can be used with

the above stations 12, Figures 8 A-8C illustrate a preferred embodiment of a

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

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

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

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

within the same pin carriage 162 are withdrawn.
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plates 34. As aresult, when the pins 160 are withdrawn, the pin carriages 1624,

5 ° 162B, 162C can be moved along the longitudinal axis of the plate track 14

without moving muitiwell plate 34 on the plate track 14. When the pin 160 is
extended and the pin carriage 162 is moved along the longitudinal axis of 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.IO. 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 position 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 beiow
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~ extended above the plate track 14 and the second pin carriage 162B moved to
the right until the multiwell plate T, is located at position P,.

5 The plurality of pin carriages 162 illustrated in Figure 8C alléws a
multiwell plate 34 at one station to be processed through the crystallization
system 10 independently of another multiwell plate 34 being proceéscd 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
: fonnaﬁon 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 desc;ribed above, the system can be used to performed crystallization
trials where various mother liquor are screened for their ability to crystallize a

25  protein of interest. The crystallization trials frequently include a coarse screen
followed by one or more fine screens. While the mother liquors used for the
fine screens are often dependent on the results of the coarse screen, the mother
liquors used for the coarse screen can be standard for each crystallization trial.

When the mother liquors are used to crystallize proteins, a preferred
30  coarse screen preferably consists of the 15 sub-screens listed in Table 1. The

number of mother liquors included in each sub-screen is also listed in Table 1.
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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
TABLE 1
Screen Number of mother liguors
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 chloride 24
Sodium/potassium phosphate 24
PEG/ion screen 48
Membrane protein screen 48
Detergent screen I 24
25  Detergent screen II 24
Detergent screen 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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5  more external systems can be used to create the fine screen mother liquors from
stock solutions and to deliver 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 crysta.llized 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 cryétals were formed regardless 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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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.

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 liquor's selected for the crystallization
experiments of the fine screen are listed in Figure 11. 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 mother liquors for each of the fine screen crystallization experiments were
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 chloride
was 20 mM in the identified coarse screexi experiment but was varied from 12.5-
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 crystallization experiments yielding the

most desirable characteristics.
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practitioners skilled in this art. The embodiments were chosen and described in
order to best explain the principles of the invention and its practical application,
thereby enabling others skilled in the art to understand the invention for various
embodiments and with various modifications as are suited to the particular use
10  contemplated. It is intended that the scope of the invention be defined by the

following claims and their equivalents.
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5
1.

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

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

2.

detecting molecule crystal formation in the drops.

The method according to claim 1 wherein the molecule is a

macromolecule.

20 3.

4.

The method according to claim 1 wherein the molecule is a protein.

The method according to claim 1 wherein the macromolecule has a

molecular weight of at least 500 daltons.

25 5.

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

between about 1 nL. - 250 nL..

11, The method according to claim 1 wherein the wells include less than

about 500 pL of mother liquor solution.

12. The method according to claim | 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

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. -

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 hﬁcrocrystallizations.
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mother liquor solutions used in the array.

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 within a volume range of less
than about 20 nL. |

20
22, The method according to claim 1 wherein forrning 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 pL;
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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 microcrystallization
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 pL; .
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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29.  An apparatus for forming submicroliter drops in an array
10  microcrystallization to determine suitable crystallization conditions for a
molecule, the apparatus comprising:
a platform on which a multiwell plate is positionable;
a mother liquor drop station capable of rembving mother liquor from a
plurality of wells 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
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 nL.
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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a cover slip station on which a plurality of coverslips are positionable;

a mother liquor drop station capable of removing mother liquor from a
plurality of wells of the multiwell plate and delivering submicroliter volumes of
mother liquor to the plurality of coverslips within a volume range of less than

10  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.

15 34.  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 20 nL.

35.  The apparatus according to claim 33 wherein the mother liquor drop
20  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

25  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.

30
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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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SF 43, The method according to claim 42 wherein the submicroliter volumes

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

10 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 submicroliter 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 the 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 uL.
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