; €3eBBTL6T, wo ool 7saas PCT/ US00/ 15711 METHODS AND APPARATUS FOR PERFORM NG
ARRAY* M CROCRYSTALLI ZATI ONS BACKGROUND OF THE | NVENTI ON *~oo000l Field of
the Invention The present invention relates to nethods and apparatuses for
crystal lizi n§@ H%T*’é&n es and, nore particularly, to methodsPERYSHWIPHD at uses
for automating the crystallization of nolecules, particularly

macr onol ecul es such MEFHODSOANDNSPPARATUSROR PERFORMANGOIA RRA Y-ast
progress in the area of genomcs rovided expl osi vel y grow ng databases
of information on genes of hurmlmgﬁﬁ’c@fﬁ%m%P QNS by mappi ng, 15
sequenci ng and anal yzing their genonmes. Many genes that may be critical for

i dentifying people red| osed to certain di seases such as ca W )
di scovered and tWeﬁ IE@&HTTH&WQMve been assessed rmmm“ m\mmﬂm
and/ or in vi vg. Recently, a new area of genomi cs, functional genonkggg+ has
been devel oped, which involves a genone w de anal ysis of gene function by

usi ng 20 i nf or maFiekhofthsdlinveraipant s from t he genom c anal ysi s and expressing

t he genes in various gani sng such as yeast. Functional genom cs has
generated inportant i hROPIFIER BHentigy Fsrf@“ﬂ‘*@ EXBTPRYRGFESIR tern of genes

by using high theaggnauigmaz&fe@hﬁtgn{&@ HANRS, RUEAnGR QORe! eot i de
chips for specific genes or ensi mcroarrays An ‘under st andi ng of
the network of i autemating tbacrystal b%tton@émOéﬁcplpmwentmulewpme@gmdlebgdewwhrget gene
and ot her gﬁormé ec elmess in the cell is also being expanded at an

unpr ecedent e ra?epl()’y using efficient screening nmethods such as the yeast
hybrid systens. One of the ultimte goals of these genone projects is the

devel opnment of efficacious therapeutics against proteins expressed by

di sease genes. A%R%M%&?l@éﬂ&et hods of drug discovery and devel oprent,

structure-based drug fgysl ORL pRfvided xtIBSeld FRKkLANT
PR SEn At RIS piided Sbiitely HRAALA

approaches, thanks to 711 rapidly ‘advanci ng
conput ation tec hdatqbpess of infoineatip bh gengs offmimeading htker eraatdsmss lazrmapp@pgof t he

detailed thr di_ nensi. o [ pLpteLn net. onl in
rational dr uggdes‘?m?1 rﬁﬁ‘& ﬂg‘l“f’m @ﬁfg?‘]:m?ﬁew}% Y| %at m%?’u%%ﬂ lcal r ovi des a
wel | - defi ngg tCI a(r]I g&Etlﬁmgmegﬁe bﬁﬂﬁp@h@t‘icedm\ﬁ@wﬁ&éﬁﬁmll Bgcalﬂyerlhsvd”lg:en f
o o o ORI oo PO S5 ERNLER TN s S o
chain of genom cg;,gnHeckntif adRWk Bomid, Eﬁhct’icﬁﬁ bR, 1k bawst ur es of

proteins are solved by X-ray crysta Iogr‘zig1 nore recently by using
muf ti - di nensi onakiemed,owlsﬁsewlw@cgsyom eghalfslmfcgenmnwmrhynemgf or
smal | er protegjns. Qr Xra |l o raphy
have been de\?gl o;')ré aﬁﬁ%?‘gﬁg?ﬁ@e}{? Hﬁ‘giq@j 28 ﬁu%sglgﬁﬁn;gteﬁesg

(Sal enme, F. R &90RpbreAnisins sﬁlh(as bnelm l:ﬁha[Iinyngendlﬁfbs Ea%ﬁgcﬁé}ﬂ):d inyapaft

diffusion in the, hangi or Slt dro net h 982
Preparation and R&%ﬁff?ﬁé‘f’gf dise pafiern o ?’ﬁs’g%ww ﬁ’@})t@fﬂk‘é@ n, ) New
York, pp 82-127) gcr8éing tb@lﬁﬁdﬁeﬁslu@ix HﬁDﬁA((ﬁ@bﬁ&léotl& ch(p%%‘r@})e&ﬁé Eeres or

145: 934 935). Presently, the hanging drop method is the nobst commonly used
net hod for grow Bighfsesiymreamysr Asupderatandine of theistwark efintesaghiers al | v f or

protein crysbal Sbet@%&% Ploteln expredleddly GltarB A Vet dHdVehePmBErBiGlebus 't O 1S

spotted on a cove
cell is also being expanded at an unprecedented rate by using efficient screening

methods such as the yeast hybrid systems.
One of the ultimate goals of these genome projects is the development of
efficacious therapeutics against proteins expressed by disease genes. Among
30  various methods of dmg discovery and development, structure-based drug

development has become one of the most important approaches, thanks to
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20 slip and suspended in a seal ed chanber which contains a reservoir wth a
hi gher concentration of precipitating agent. Over tinme, the solution in the
droplet equilibrates with the reservoir by diffusing water vapor fromthe
dropl et, th&YQW8&6owl y increasing the concentration of tRETHSSYEH and
precipitating agent within the droplet, which in turn results in

preci pitation oOfagidlyatiednking @bmputatitn technigbeés. (It o well Recodicedah@cess of grow ng
crystals with high diffractjon ljty .is tj consuning and i nvol ves
trial-and-error %8 ?i'étl"“i“{%?é*‘? 6‘?@}‘]’8&1’5’%1‘1_{9’?9?‘8“ 6frl!|"tti“8_r‘?f98¥°iteé'bp‘§§n§uch as pH,
tenperature, | 0%&st§ﬁ1&§t’i’&bﬁdru§ﬂé§ég%%9ldéxlefop%féﬂﬁﬁ@ﬁer 18bdrBS W ais@l ts, organic
additives, and detergents. In addition, the amount of hi'ghly 30 purified
protein i s usualprgvidesaivwebicdefined targetin dighdhronghiput drug kereemingttiyasimgsol ut i on
conditions ig unrealist.i I L-hntensive and costly. 2 WO 00/ 78445
PCTNSO00/ 1571 AW%\RP%E%S‘%&‘EO@%&%P%?%‘I i zation systens have been devel oped
based on the hangi ngsdiving Higt leadstionfsaticteaofpreteindn a highdhroadiguieber, P. C.
(1987) J. Appl. Cryst. 20:366; and Ward, K B. .et_al. (1988) J. Crystal
Growth 90: 3253342shienpiesgnis 2 mog%fﬂ@?nchswﬁéacm efacpemics Fgﬂs(%% i zation
systems for protge|dsymidid RigheEsoB6h QARNAGWE Broteim MVRINGIWy X Hs | NVENTI ON The
present invention relates to a method for performng array 1

m crocrystal | i zabistaegraphysl andsnetemesertly hyaising naulti<limé¢nsiopaltNMR condi ti ons for
a nol ecul e. ;The nolecul e nmpy. | | ecul or ich an x-r crystal
structure i sl-gneéﬁcecg.oscﬁg}' er %éh?%lgﬁﬂl%hn}arcglsng %f F%‘%\Weé rroﬁcé?suorré’ga }c()ifs'nol ecul es by
a hi ght hroughput et NVaflosufidthais for¥orayreeysellograghyiaes beth develegetil on can be

used to accelerate dru evel opne .The cule t e.crystalized may

al so be a 15 noldydne '?‘6 reﬁ\)rﬁt‘??‘fceaglﬁ‘i}%"t’&ﬁg?%éatém’ flgt(ﬁéngrﬁ‘l“gbul eis

needed. For examib&em Biophys. PS1:5535930RRhsor HFFUSTOR } e RatpingSdraldidgdop Or m of a
no

[
nol ecule or to identify new crystalline forms of a nolecule. In sone
i nstances, par t imsthodr(MePhersen, A 1882)dirensraipn andynadysis of Prgtein Kaystalsor e
bi oactive, diss A d S S/ RV . asier to
purify, 20 Ee ?r!t)) g‘é’fl} e&ﬁsoﬁfﬁg@gﬁgpggﬁ7?%gr@}qlg%:/duq@?g% ail §Kg protein but
may al so be ot h¢r940yNetareof45r8841935D|1 ecul es. The nol ecul e preferably has a

nol ecul ar wei ght of at |eas 00, t ons ore preferably at |east 1000

Dol fons. al't hough_aieseiis nbp Behi oo ghed Marabe Smmayy i
crystallized. | goQnéwRphReGicdMNculat B9suureirbadolaabm kipebially fodpfodi® an array of
25 mcrocrystallizations, each mcrocrystallization including a drop

contai ning a molestlse Geaeply.rdepldrerisiaias 8 Reptan AIviRRs FROFEGPD 8B9YST i on whose
coNposi ti on jyar isks shgﬁcggmﬁ abdi@ohath & vHi @R oRaits 3 Jestrvif! @%h& ess than

1 ~L; storing the arra m crocrystal lizations under conditions suitable
for nol ecul e cr getcehtsation of prepipitating lagentir Opay time, thh eolationaiy theathopletet ect i ng

| | tal f, ti i t he. 30 . WO 001 78445, PCT/ 1 JS00/ 15711
e vari a1 osauifhat s s et by AERRE wafer yaiy b dig digpret

m crocrystal | i zatdéRySlovapaltreatisg he erfebittatiba af the Protiiid gitdigtatingiel |
including a nother Iiquor solution whose conposition varies within the
array, and dr op 2z within the frgaiet yhich dn Wi esis i presipitation opesydallirationo be
crystallizeds theydn ﬁ?eiﬁ. having a volume of less than 1 pL; storing the
array of mcrocryst g I zations under conditions suitable for nolecul e
crystals to formin Thepdewspsf irawingeryatalsavith aghidiffeacten qualityriotimeul e cryst al
formation in the drops. Ln varjation. | . Gonpri ses: formng
an array of m cr 8%3#]13}’2'%%21“Fil%a |%ﬁ§¥'anedgéc¢1°§tr6r%‘p%j{)"€ ﬁéﬁ?"%ﬁ%?@@@ﬁ%@%@ﬁpri sing a
wel | i ncludi ng aarddblesatittess pH, (prperanmd, idniostrendth smd spstffieohdenrarions b£S W t hi n
the array, and a coversl i&,i,ncl ugi n% a drop (giont i ni ng tr} .ol ecule to be
crystal | ized, t AdSaP8EiRadAitvgs-and dettrgentsrlnaddition, R ing the array
of m crocryspal bLigRdd SoRinUDERRIIF R, ARSdifidhdicl Sialsh ARt Saiktlon crystals to
formin the drops in the array; and detecting nolecule crystal formation in
the drops. 15 | gonditionsioureatistca labertinisnsive and castyhod conprises: form ng an
array of mcrocrystallizations, each mcrocrystallization conprising a well
including a nother |iquor solution whose conposition varies within the
array, and sitting drop region includi n%Ea drop containing the nolecule to
be crystallized, the drop having a volu of less than 1 pL; storing the
array of mcrocrystallizations 20 under conditions suitable for nolecule
crystals to formin the drops in the array; and detecting nol ecul e crystal
formation in the drops. According to any of the above nethods, the vol une
of the drop containing the nolecule to be crystallized is | ess than about 1
~. L, preferably | ess than about 750 nL, nore preferably |ess than about 500
nL, and nost 25 preferably |ess than about 250 nL. In one variation, the
drop volunme is between 1 nL and 1000 nL, preferably between 1 nL - 750 nL,
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=]




WO 001 78445 PCTNS00/ 15711 |l east 36 wells for holding a nother |iquor

sol utton, each well having a reservoir volunme of |ess than about 500 pL,
preferably | ess than about 400 ~L, nore preferably |ess than about 300 ~L
and optionalWQoW®44 t han about 250 pL. Ranges of well vol uReY¥U$848"kay be
used include, but are not limted to 25 p,L S 500 ~.L and 25 ~L - 300 ~.L.
I n one variation, theApvaitoh&edagitalliediohcyiaisiavdbeandavdéped bake@Bn
crystallization. In another variation, t | ate i s designed to performa

: he p
sitting drop crythe haeginedropmetads, forcryprle Cax Mo rasd Webstudr CudPB7ds wel | as
an adj acent si “Agﬁ. ?ﬁ@@zd\@&d;miﬁ%d?'i@%?&tal.'(i‘é’s%ﬁ.' tsﬂ'(?rngaeéo?éz%-s to
various apparatuses for formng 10 submcroliter drops used i n an array
m crocrystal | i zal3%mA bepd @rise fori imprayed autbinated erystallitdtion aystens foopmwiteirisons for a
nol ecul e. I n one odi nent) .t he apparatus conprises: a platformon which a
mul tiwel | pl afe ?@ eéﬂafrtﬁ’ﬂéch@‘,es'a not her 1iquor drop station capabl e of
renmovi ng nother liquor froma 15 plurality of wells of the multiwell plate
and delivering submcroliter volumes of nother liguor to drop regions on
the multiwell plate within a SUMMARLQFIHE INENHON, about 25 nL; and a
nol ecul e drop station capable of delivering submcroliter volunes of a
solution containing a nolecule to be crystallized to the drop regions
within a 20 vol une r dilgereséntlimsstidriralateabomamethsd frir pedformamgartayr enbodi nent

t he apparatus,is_desi d for preparing.subm craliter hangi drops on
cover slips ﬁ)seo‘“icﬁocgﬁpaiﬁa{;\ Sﬁ‘? 8&%&"%&5@#? %'gft?lg‘ﬁ‘fnof‘ﬁ%mgﬁb%ﬁ?&t%s
conprising: a plmablanen The méledile Maybd 4 mskbhie Pir&ihhiad xRep biysanabere 25 a
cover slip station on which a plurality of covers|ips are positionable; a
mot her |iquor drispeadedt Peamiiaing bisb-retolytionsiratyenefiriecules uamighr om a
plurality of welgughp Biet3H i ke dhk BF e PRAer RlveM Rl BYbS HRALET O 1 ter

vol umes of nother liquor to the plurality of coverslips wthin a vol une

range of |ess t heneledtsuhrugdevelppmemtd The ingleodt raessysiizedigailicteld a nol ecul e
drop station capabl e .of delivering.s 1 liter vol f sol ution
cont ai ni ng alsfrollgglﬁf"ge {PO(SWE’Q: & sspagllr}ei%? dg{tge {"%%CIB itjsrné%]};e ygglf%@gl leer‘sl i ps

Wi thin a vol une it #iag e Gdsirhlsls o dréada edgstalin® forilof a hivlegele optpoidbeify aewpodi ment
the apparatus is designed for preparing submcroliter sitting drops used in
an array m cr ocrSEstaling Prps of i melpale, J5 spme mstapcssaprrticriaperysainator®E m on

whi ch | tiwel ' b ve, & ' !
ich a nultivellrnhgt d BaPRRE o m&veﬁllsga@@ﬁgtc}, a%\a{gfgilegfré{dﬂg: on

capabl e of renoving not I Tquor froma plurality of
mul tiwel |l plate axdtrtekasieetd mgifsubm croliter volunes of 10 nother liquor to

drop regi On,s20O n the nllflletnilo\i\g:luie Y }lar%%e?abw; zg Qliacg'o ol\fl:gthéj R B840 gr%tecflfn blllten§asy than
about 25 nL;""and

also be other types of macromolecules. The molecule preferably has a

molecular weight of at least 500 Daltons, more preferably at least 1000 Daltons,

although smaller molecular weight molecules may also be crystallized.

In one embodiment, the method comprises: forming an array of
25  microcrystallizations, each microcrystallization including a drop containing a

molecule to be crystallized and a mother liquor solution whose composition

varies within the array, the drop having a volume of less than 1 pL; storing the

array of microcrystallizations under conditions suitable for molecule crystals to

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

30  drops.



a nol ecul e drop station capable of delivering submcroliter volunmes of a
solution containing a nolecule to be crystallized to the drop regtons

wi thin a volune range of |less than about 25 nL. 15 According to any of the
above enbodi WORP/2844% he not her |iquor drop station and the RET/ESMN&1Hr op
station are each capable of delivering submcroliter volunmes within a

vol ume range of |ess Irhmavahﬂimh tB®mithod BaMrisps: Foreifdnyartag®$ than 15 nL, and
nost preferably | ess th AI S0 accordjng to any of the above

embodi ments, a s8HIBFTY %@nﬁﬁa‘i RIFT9ErE2 ‘ﬁat’c"ﬁé’o’é.‘BE%P%% well inshudpedpar i ng

submicroliter dr aReheliEd? sbistiSERREE SondftR1HAR Vak@ivifin thE S48y, oflf @85 and/ or
nol ecul e drops have been fornmed. The nother |iquor droH station and the

mol ecul e drop st engmnn@lu@ngmélromcamlyme&@rmlmw@rbgemsta izedh eeldrep of

delivering su , rsl t atine,
nore prefer ab? ‘%%e%g lu%l?g cover i ﬁgﬁggh aa?r%i? OP'%}IC 'ﬁ@' ﬁ%qasent
i nvention al so r&hc&t esnditionseditabld Sorf méleduly diysteds SUbMR ihrtﬁé dropd indieOpfayf or use

in an array m crocyystal |IZ§ ion to determ ne suitable crystallization
conditions for a2ffoferctingmokewls rstalforertigndn BaBW#Fnent, the net hod

i ncludes: renoving NMofh@kthkd hrRtion &Qm&oﬁlc%ﬁﬁéegﬁoﬁﬁm hrayQfr @ nul tivel |
pl ate; delivering submcroliter vol unmes of e nother li1rquor to drop 30
regi ons of the nnmromtalhpitlamemhtrmcmcrastalbmnecmapnwlgﬁwelbmsluﬂhara about 25

nL; and dell ri Mr ning a

rml ecule to g GH&%H%F%@E%&' (F'IEH 111§£]1%lc§r9~1>1/t§{ atﬁ‘lg d Cfo the drop

regi ons of the ntdxtershphdchmlhngtaedmp «*.dntalmmg Mehmmmleamg&métalhmlsthhhmp about 25
nL; vvherelnato 1 % mcroliter volumes de |veredto each
drop region is I gt‘h "@e 1SS 1F1QEng the 2HBY MIRICERHSWFAENS ¢ he met hod
is for a hangi NguglfePoraltiohs ﬁhdablé?&r'n%l'ec@fé@r}‘s&@ 496 1nttl?é<dr81|51s 1ﬁt1{%|a5‘1ra ity of
coverslips; renoving nother liquor froma plurality of | s of a rrul tiwell
pl at e; del i veri napdgistesting wpleeule crysihl fommation ikthedneps.her |i quor to the
plurality of oversli |.e 25 nL; and
delivering su m cr ol | rewntbP’t‘i‘trnr'vtc,\aglato‘?4 a soﬁrﬂ?q%%%mgfé‘%eﬁt%ﬁ?# %“%r%’ﬁ'oqlecul e to be
crystallized to minmqnyswmmlbgs, exch anoredrgdtal jizatidh covhpriving aswealbinclo@ing ange of

| ess than about 25 wherejn t ot al val une, of bee subm crol.iter vol unes
delivered to eacW°ﬂ’8 F $qlution whosecompasition yaries within thearay, 409 sifties her

enbodi ment, the & Rpsbnl ificlhdihg @d@bbbﬂtﬁ&nﬁ&&ﬁn&é&ﬂﬁt@'bh B atallRed, apdirbpcl udes:
renovi ng m)ther liquor froma plurality of wells of a mul ti wel | plat e;

del i vering subni kaving a wlumeofess shagfl nh storipg the prray efurierocrystallizatiansi ng dr op
regions of the myldel Waliioh! %ﬁt@blg\’f&lﬁ}orkcale\égjfsféﬁeto RS t}%fdr{))rﬁﬁt? I}fer}ﬁgy,ab out 25
nL; and delivering submcroliter volunes a so utlon tal ni ng

mol ecul e to be carydstetxbﬂmgzxedlewhc ¢ripal Sormatiomgindhogropegi ons within a voI unme
range of |ess than abput nL; ‘\éq rein a total, volune.af the submcroliter
Vol bes del +ver edt o St Byt 16 SisVs Bbai ine VPLbE e AP 50
According to anycdataidifiths pRVRulrs bodytihadiseeithan bt ot Prefirablye of the
subm croliter volunes delivered is preferablé%ess t han about 750 nL, nore

preferably |ess ]F?Féha“a?&eﬂttﬁg(?b mpre pigierablp 4gss paup H§Qnly, @admestan about 250
nL,. It is ngded, 188 %om%e'ggslm in‘?an%ﬁ tﬁmob vBfiedbdtveen! N€

voI urres dellvere pre erab range tween 1 nL nL, nore prélferably
between 1 25 nL dehﬁooﬁnm@qu@}" betwbenyl et Wdand., mom_prefe%ly etweeand nost

Bna method enbodl Renold Mol FERER AL B Bt el Rl S 7 S

preferably |ess Edeab(mm.t-ZZBnDL nor e pref erably Iess than 20 nL, nore

preferably |ess thanlﬁé and nos prefera y 30 ss, than 10 nL. The
preci sion of the vol §“?§%‘F|“V’€F‘é‘ﬂ‘ yelaeste esof@{ Fnipg array

30  microcrystallizations to determine suitable crystallization conditions for a

molecule. According to one embodiment, the plate comprises an array of at



WO 00/ 78445 PCT/ US00/ 15711 380 pL and 25 nL, nore preferably between 380pL
and 20 nL, nore preferably between 380pL and 15 nL, and nost preferably

bet ween 380 0 nL. BRI EF DESCRI PTION OF THE FI GURES _Ei is a

bl ock di agr a&bc??]%al"%r ystal li zati on system according to thepgjrgjg@ﬁls;n
invention. Figure 2 illustrates a nmethod for using the crystallization

syst em of Fi gur e lebstt3 wallsfferrhelding mothenliguoysnlution; eagh wolh havingé resar@oiFi gure 3A

illustrates a top yview.of | 1] ] iC d to performa
hangi ng drop arr%;o/l ecoggegs?)ﬂ/‘?{'ngl?qu#za %Iaﬁ?&%?*&m’?eésg‘ﬁ’wug%“gg@%‘gﬁ/ of the

mul tiwell plate iptdferably &dsethah Bbduk §O0 €L 2 optibfrllyaess ChanlabsiR DE@UES a top Vi ew
of a nultiwell plate ich may be used to perfqQrma sittjng drop array

m crocrystalli za_tRiaBW".So %’eEi"glt‘J‘%’ésg’ﬁ‘i“_%y%F‘ésF E\‘i{“g%rp&}f?r’? R Ly qditﬂ?\égf‘[‘pl ate
illustrated i § Fisgy[e 23625 119906 uBE ShedafiktRnSthe plate i0BesinedtdBriolig! | pl ate
with a plate cover. Figures 4A-4J illustrate i_he various stations which can
be included in ahmgikgdrop cxystelizationi Veanpthey sarition, Fheplate isidasigeedtosi devi ew of
a plate loading station 109 |0r11)|g_; a?rlozsai a Iiaétlg e20 tracﬁ Pos] Fll oned adj acent
to the plate | oadFHY™s? siting Sropsryiliicaben and inclydey a mother lguor wel as wefl , o i g
station | ooking alangjides sitiAgilopaienal axis of the plate track. Figure 4C
is a sideview of a bar code reading station for reading a_bar code included
on a nul tiwel | pl ate. Thepresegtingention also elaipsie yprays sppagatasea far flgiRgti um
station for ggpl ¥hﬂ?ﬁpl%li§e?a}d|[:g99sMWﬁa§%i%cx?&QﬁEat%qg§d8$nﬂﬁé haplef i ned in
a multiwell plate. Figure 4E is a sideview of a plate cover renoval station
for renoving a pkasellizatiarcohditinnssforaumplealel plate. Figure 4F is a topview
of a nother |iquor delivery.statioq. jgure ,is a topview of a

del i very bl ock for deh ?/neereélbé)%lmémﬁoeﬁégar%:tlll%%(’)nrprlé%f o multiwell plates. WO
00/ 78445 PCT/ US00/ 1574 platfom o which b smitiwelDslste Ssqobitiomabl; a del i very bl ock

for delivery of a nother liguor into a rrulti\éxﬁ{lgl plates. Figure 4l is a

si devi ew of a not her PF%?EP&F liqupg o statigh ﬁ”_@’éblﬁ m°r-‘in§&r°éhewq11%r_f%%? devi ew of
a syringe punp f?rur&i bR&1ls 12 REREN plaie QHPHel{VERAB RLARIARE: JdIiQlorSOUT Ce
to a fluid inector. Figures 5A-5E 1llustrate the various stations which
can be included imtker Hgegy té dropeegians os fhetreitiwell plateevithiin 4 volame tgoge pEw of a

drop formation Srle%gi;h%]abo'ﬂtgyﬁf- a%g is a sideview of the drop formation
station. ’

a molecule drop station capable of delivering submicroliter volumes of a

solution containing a molecule to be crystallized to the drop regions within a
20  volume range of less than about 25 nL..

In another embodiment the apparatus is designed for preparing
submicroliter hanging drops on cover slips used in an array microcrystallization,
the apparatus comprising:

a platform on which a multiwell plate is positionable;

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

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

about 25 nL; and



10 Figure SCis a sideview of a pipette holder. Figure 5D is a sideview of
a well cover holder. Figure SE is a sideview of a well cover magazi ne f'or
storing well covers to be positioned over the wells in a multiwell plate.

Fi gures 6A- 6WOi0D/T844% r at e operation of the drop formati on sPEF/UMEISTIE Fi gure
6A illustrates a drop formation station in the rest position. Figure 6B

illustrate the drop f@meRichiedrdptsdtion Bapable df @elivetitd siBlnicralitat wldias opgen noved
into position for drop formation and a pipette holder is noved into

posi tion over thé&MAEHropkining 2 mplstiletoge qrystaljized ta the phurdithetreverdingol der
noved into posi tminoé'@ﬁ‘“ﬁw;g‘g??ﬁ“ﬁ}rﬁgbw* in the multiwell plate.

Figure 6D illustrates the pip noved i nto position over the well
cover hol der. Fi gure BEyet hiatler embabmert¢hepippattue ishisbigead foeprepanieg to its rest

position and praqtein .del.i ve(ré% ]{ghg t.te noved. into positi ﬁ{cl over a wel |
cover. 25 Fi gur e SEPEUFTOIIFE sifipg o feed i 87 273y TRISTACHSIA 28495 FESPPARIY i nto its
rest position andohpssisgever hol der inverted and noved into position over

the colum of wells on the nultiwell plate. Figure 6Gillustrates hanging
drops suspended from #BlatforEmemvhickq ayltiwell nhe ispogjtionablss at e. 30 Figure 6H

illustrates the cover : i L L4 er storage
conponent . WO 00/ 7@%{1%%49%%31%? i@{;ﬁ%@?@%&g@@ﬁ%g@Sg%e}ﬂ'g@gg ?rtgﬁleg cover

hol der returned phiralityofivesls of e imultwell patg anddelivéringGubinicosiiterabinesef at i on of
drop 1 or mat | 0 s PREFBRR & 48> FBLP o vt et G abhs FIFIREREY e dr op
formati on stati opsyhbatbuts Al wad| pl ate adapted to performa sitting drop

array mcrocrystallization in position for drop formation and a pipette
hol der noved into pos?BpPlsaulpgeop staten carable phdglivering sybmicrofiterivolunes pE2 es t he

pipet te hol der oyget.t bS] bt AR B a¥Bdetor Bidlagy mul L vel |

plate. 10 Figure | ust es plpettes’in the pip der igned with
the wel | regi onsvaimesdngs of lessghagdbowti25ell. t he plate. Figure 7E illustrates

pi pettes in ?e pi petie holder aljgned with t.he siftin top kegions of
wells in a cﬁ) um of $H8 r%?%ttoeaf’y ﬁ%ﬁ fg%ov“? Enlg?‘f"ﬁlg?t?’a cergoﬁﬁ%'qﬁgro‘grg n delivery
pi pette nmoved i nketid0mi thedfiolddulodtep sthtied @3¢ édch Bgpablle@P delpgtion of a well in
the columm of wells. Figure 7Gillustrates a sitting droF formed in the
sitting drop regPigPliGr yRdwmes withinp ¢obymeirangs of fesethrraboyt 2Gnlomare track
with a pin extengdicRgaAPRYGhINS Ml BAEmbst PrdferhtilP BsfthBh Mo g i age posi ti oned
beneath the plate track.
Also according to any of the above embodiments, a sensor may be
20  included in the apparatus for preparing submicroliter drops which is
detects whether mother liquor drops and/or molecule drops have been formed.
The mother liquor drop station and the molecule drop station are
preferably each independently capable of delivering submicroliter volumes to at
least four coverslips at a time, more preferably at least eight coverslips at a time.
25 The present invention also relates to methods for forming submicroliter
drops for use in an array microcrystallization to determine suitable
crystallization conditions for a molecule. According to one embodiment, the
method includes: removing mother liquor from a plurality of wells of a
multiwell plate; delivering submicroliter volumes of the mother liquor to drop
30 regions of the multiwell plate within a volume range of less than about 25 nL;

and delivering submicroliter volumes of a solution containing a molecule to be



20 Figure 8B is a sideview of a plate track with a pin of Figure BA
w t hdrawn béneath the plate track. Figure 8Cis a sideview of a transport

assenbly having a plurality of pin carriages. Figure 9 illustrates the
conposi ti on WD MFP4MOt her |iquor solutions for a 25 prefer PEBVUEHASHE
screen. Figures 10A-10D illustrate formation of crystals in different drops

sized from 40 nlLciyeafi@@DioNthe drbb Bgiohs dflthk il iSwvellRatdRithiara yohftanSgFPOSI ti ons
for 24 nother liquors used in the fine screen stage of a crystallization

trial. 30 10  \WOsHtharygbput 2y whrin 2 Btal yolpme of fepuiEicolitpyelemeThe present
invention rel ate f.or. r 1 array mcrocrystallizations to
det er m ne sui tabﬁglk%;e?ggg%cﬁ;ﬁgo&rl %ﬂméc;%\sg?@g%’shfor a 5 nol ecule. The

mol ecul e is preferabl }carding tocmothecambpdinsnt theaaethodis ddrai hangifp Hop t ypes of
mol ecul es and_macr onpl ecul es, also be crystallized according to the
present invenfi offys tm%@tﬂ@dﬁ%ml '§§?&°W?HEB%GT%QVIW§WF’ of at

| east 500 Dal t ongqudioth mﬁifaﬁf}a&meu%faﬁaﬁikveﬁg&@e; @aweﬁﬂgsubﬂhérbmegh It is
noted that the invention can be applied to nolecules with |ower nolecular
10 wei ghts. The welumesiof the/mbthesliquer i theplavalityraf ggvesdlippivithiner yelumb! i zat i ons
where each m crogyr Ll dzat | i<Nel [ LN a | ecul e to be
crystallized andgac"i&?ré))ﬁﬁ‘l’esrtﬁ |alg|’§‘(l)r}rjsso %gﬂ%ﬁﬁﬁ%b%g%logﬁ ‘fo?lgrrl]es\?g? ies within
the array, the dsditidhaoontathitg arablecre ofbelcestllizbdto the pluralifihef caverslipsof 15

m crocrystallizations are stored under conditions suitable for nmpolecule
Crystal o to 6r PN T E0Ee o 165A R APaR) 20 A R 9 OB Rt | on | s
then detected i nglyafcRliRPSolufiss dMibdrePR H@SEHERRSisNAE &laR 1 i s met hod can be
enpl oyed in any crystallization nethod invol ving drops, including, but not

limi teldI to hanging drogroediggtoanpthoramhodingst, thsasetbadds Sirttsitiieg depp o
r 2 provi ded i b aftgRion I HRLReE il et} B RS TR SO0

No. 5,419, 278 ( Cantuitivell plate;i dejivering stbrfiiemliter eolomed dfehqmetherliquoneent i on i s
the utilization aof.small drop vol unes. For exanple, the volLume of the drop
cont ai ni ng t ke ndfEESP rF%}O'EJ%’fé}P%{’T@WFF ?@H’ W@%¥§“‘Pﬁé‘ﬂ‘g88h]ﬁfs‘ than|
preferably |ess flan2aRouhad 48 eAhg subiGoer WIgh& Rl kdulisiSéontaiafy about 500
nL, and nost preferably |ess than about 250 nL. In one variation, the drop
vol une is bet weemolecyle tasbgicrisiailized (to the sisting dipp segioas within ayohme rame®fnl, nore
preferably betwe - . 3 D6k - 250 nL,
and nost preferaEPSS/':]'%IS%bv(\)/(lalte‘%so@'oQ’%hfm??P é@bﬁgﬁpﬁigﬁh%{éant é\%g%f i;l’(g\[/lée? hat the
rate of crystall ddatktedito essh ditigribleptegion it lbe tied ldelop vol ume where crystals

form faster en smal lcr drop vol are used. a result, crystals can
be formed nof® rapidl4°© ﬁ%_oﬁﬂyf)ﬁtggg‘?’fﬁ?m _OEF@;?@%TP’““ ° %58@ 3_0?

PCT/ USOO 15711 Ve WimsicktHits vblmbE:1ivERs &freferayl§ sk @fan aldiit 956 h0hdk cant |y
i ncreases the through put rate of the nethod for determning

crystallization pufrably lspssthangbonioi nbeandgnes pisieraiy lepthanabont 250qlbe| i eved
that smaller dro | | bl t r funddd that this
causes crystals FZS&(%%&&%Dq}rﬁe%p?g%@g{@% %}%S Spgpgh %@@auﬁeﬁﬁr ation is

bel i eved to be r d¢lverd pteferably edngeé beswsdmi lpnlbe?0ed n mioheprefatablydfetvdren i

Gependent _on2hr ot S0 Redy eaHCo i g PERLom e pRIGREL T ' °

decrease |inear| getweddl(idie- 2B0QR.. s vol une. As a result, a larger drop having
twenty tinmes the volune of a sraa%ler drop (e.g., 1 uIa \F/"'i’ 50 nL) wll 10
have significantly | edeordinmioans athe phaye apraratussand method srbgdigrentsye snal | er
drop. By reduci nggiLoR of ik Y0EmeoBiveRd M PréretaBly! 18R A% G625 he! AbleONShi P
between the rate of drop evaporation (surface area dependent) and drop

vol ume, thereby preteedbly ks thap 20mli, move prefecablyalass thanylStrdl, afidomost preferablA f ur t her

advant age of _f he. prese inyention is. that smgller drop,1 Q#ynes al | ow
ess mobecul 30+t ol BLBaE Mk o e Bmol o Pl Fles HPBrd e R 2
result, a greater nunber of crystallization trials can be perfornmed using

t he sane anount of nolecule. This is of great significance when it is
difficult to obtain the nolecule to be crystallized and when a | arge nunber
of crystallization trials are needed in order to successfully crystallize
the nolecule. 20 It is frequently difficllt to produce and purify the

nol ecul e being crystallized. In the case of protein crystallization, it can
require one to two weeks of lab work to produce and purify enough protein
to perform48 crystallization trials using drops greater than 1 pL in size.
By reducing the drop volune and hence the anount of nol ecul e used per
crystallization trial, it



25 becones feasible to significantly increase the nunber of crystallization
trials that can be perfornmed. As a result, it becones feasible to'take ‘a
nore conbi natorial, shotgun approach to nol ecule crystalli j ials
since the pr¥QQYB&#S o conserve nol ecul e usage is reduced. @t@%ﬁh%bt

prior to the present invention's utilization of sub mcroliter drop

vol unes, a need ¥0ipdtad 26 mL3Morei puéfptably betweem3fdpband 20 nk.i radrs ptefierablyer e

bonagas. Pe Tt SO0 EraYORE ML - KL B R R Tl R OB

m crocrystal lizations that can be perforned in the array is increased. The

nunmber of mcrocrystallizations in the array is typically greater than 48,
preferably greater than 96@&%%2&&%@%&@&&%% | 44, nost
preferably greater than 192. It is noted that the 5 nunber of

m crocrystallizations in the array can al so exceed 288 or 384. For exanple,
an apparatus for pregagired ise blagksdiagnang bf 4 erystaltizatids 8y stene acgordyrgttaklei zat i ons
is described herein. .Increasing the nunber of mcrocrystallizations that
can be perfor med PHEUAEYPPay al so allows a greater nunber of different
stock solutions to be&igsed illustedes £ @etivd foeudimg e brystalistions9btethiodns used in
the array. For exanple, formng the array of mcrocrystallizations can

i ncl ude using gridgwe t¢ performg REptsRESBILFRRTEak 6 form t he not her | quor

sol utions usgd in th%iélfré@Xillx@@&tk%b'v)éw&*a?ﬁ&]%elfzﬂ%@%@ohrﬂl&f&lﬁé@f erably
greater than 144, nost preferably greater than 192 different” stock

sol uti ons may beo pedetm 4 hanging dotpedray lragro¢rpalhzatiber of st ock sol utions can
15 al so exceed 288 or..384.,. For .exanpl an..a rat.us_ descri.bed . herein uses
480 different stock SOFUT IO S H%{&Pog&ev%ﬁnﬂwg@&g%lﬂr%siuﬁ‘tgeglrftf’ﬁﬁrgﬁuﬁay al so be
used in the wells. TiFggweORispiteswiop eiewl df guultiwel Bflate whidh@nayeelused s
preferably | ess than about, 500 ~, L, prefera@%_ | ess than about 400 ~.L,
more pref erabl y 1P 8eEormA$tiag dipp aranmiproctyitplumliony i onal Iy | ess than about
250 p.L. Ranges of ”‘FﬁéiﬁéB]b'iMdcv\éWdfﬁFeﬁn&lh@Ellgﬁbéi@@stﬂdﬁﬁ%ﬂ@ﬁr'e@@‘?, but are
not limted to 25 ~tL - 500 ~tL and 25 p.L - 300 pL. In this regard,
formng the array of Figuss & isyasress sicsion planmultiwgll platel widhea plater®PYRy. t he

. array of Fie o ot viea Pl .
2 volums | ass. ¢ han. aRSiresaB BN by it Gufbab ileh oo 01 mdBGR T v

25 preferably | aasthérignoredetivéry 30em:, L. The use of small vol unes of nother
liquor allows the wells in nultiwell plates to be. made . small er, thereby

al l'owi ng nore wel |'s tEBe*HEAF eHWéVOOfGrP? elsr?ﬁ‘;‘{‘g %@fqmﬁcﬁ%?gea%@ﬁaaﬁfet ar ea.
For exanpl e,p¢t hgr AR MMdne@hga&atda@vemﬁea)amgktam.urre l ess than about 500 ~L
has approxi mately the sane footprint as 24 well 30 plates typically used to
per f orm protei n crystFigurd 4Bts agtidevieural hetaty legieg steiondeokingalenstther | i quor

vol unes nmay be . j r urther reduce plate sizes. 13 WO
00/ 78445 PCT/ Usgg%i@ﬁ% Jé% 0Stl eI{kglé{r%(f]gk'srral | drop volunes, a significantly
greater nunber of cr Figuad 4C satsidenietrdfalbsr cdearebding etatfi@r foeckadisg agart he sane
anount of nol ecul ﬁA‘S a resul%w Iltlis feasible to performa greater nunber
of crystallizatigfe Fludsdon yamplwvel R4S, a1 ows the mot her 1iquor sol ution
to be nore wisdel y varigge 4 id 4 sidevRRgaistdliag medithsstaioh @eapblytgndt her | i quor
solution to be forned of 1, 2, 3, 4, 5 6 qr_nore conponents which are
varied within trealipgmgdiunmiosan Uppersrgs quveélédffmeé i popbiellpiae. ar r ay of

m crocrystal lizationg:j i I Each plate
preferably has at Iegé &82%?\{/\85% se?ifevrgo%?gp%%e‘{‘sgérg%wag%t enafsofkg%e%lal s, and
most pref er abl y pdte tmsfrom® mwdtiwell pla®. By utilizing | ess nother |iquor,

smal ler wells can be _used i(%h alwl,%avs ttpéa s%r%e@ieze tgl.éate to contain nore
wel l's. Al so accordi nglﬁ“ﬁe‘%h’% RO 2 e é'éltql nrg Y)%f Yo% or mati on can

i nclude charzct eri zi Fpurd UG & arepitw bD4 detidery bRk fer delivebeof £n6thyr, the size of
the crystal, and, the quality of the crystal's structure. Characterization
of the crystal disgoyatomuliwel platéeq manual |y, or by taking i mages of the
drops and anal yzi ng those inages for the structure of crystals contained
within those drops. The nethod can al so include identifying the
conpositions of those nother |iquor solytions in which crystals were
detected and perform ng additional crystallization trials where the

formul ati on of the nother liquor 20 solutions in which crystals were
detected is further varied. Figure 1 illustrates a crystallization system
10 for performng a crystallization trial. The crystallization system 10
can be divided into various stations 12 descri bed bel ow. During operation
of the crystallization system 10, nultiwell plates are positioned on a
plate track 14. A transport assenbly (not 25 shown) noves the nultiwell

pl ates along the plate track 14 to the various




stations 12. The crystallization system 10 al so includes a processing unit
16 in‘electrical communication with the various stations 12. Suitable
processing units 16 for use with the crystallization system 10 include, but
are not |inmWe8¥i445 PCs 30 and conputer workstations. The PFUE¥4SMY unit
16 includes process control logic for controlling the operation of each
station and the transfigire 4HSS e tilobsy/sectich of a\ME)ivaDY F8ddfor BlivelySTF@/nidell An
operator can use_,one. or nore user interfaces to interact with, disengage
and/or to alter {“H’é’rﬂ?%ﬁg’é‘&w@ﬁrﬁ?t?ﬁ | ogi c. Suitable user interfaces
include, but are not pipif 4P alsRletieWideth Blott¥P Nidd? sSurcdRBR¥4gR, Mouses, and
trackbal I's. During operation of the crystallization system 10, the
transport assenbly 5 Figwed]is apideviewf syringe pupader deHeeringatmashes ligrorwhi ch
each performa parti functi .1k nce, the crystallization
system 10 inc udgg&gg}g}ta ’é‘qﬁ%asé{u“ﬁgt"s"@ uli%nﬂéc& "where nultiwell plates are
sequentially | oaded dFiggres $1-5Bliliserate tikobaridus statiofs whigh tal Be inéltidedin sy st em 10
al so includes a bar code reading station 20 where a bar code on the

mul tivel | pl at es9R PO he crystal |ization system 10 10 furt her

i ncl udes a sealing nqqg,gg\sgtigg'to?q,iegzofaTd}gp feRhtdStdilBdl um station 22 can be
used to apply a sealing nediumto the multiwell plates. Specifically, the
seal i ng nmedi um can beFigppPBdtia sidevigveoithpduop armetiert statiogui d recei ving wel | s
defined in each multi 1, ' iumserves to forma seal
bet ween t he g(;?)per edg%@%?eésg%ﬁd%ﬁwo%ﬁgkgg\%@{@gcover, commonly referred to
as 15 a coverslip, wiHiglre5B iposidévionefh welbcovesiadidenel | at a | ater station of

the crystallization slyste 10. .The cr stﬁa({i zation sg}stem 10 al so i ncl udes
a plate cover renovallB¥EPEEH SFVITENS Wi Goderdpigapiae Jog stofing ¥ell cO¥fed to or

removed from t heyRdlhiiubeld oRbdhENellsiRE nhullediAbibkzat i on system 10 al so
includes a mother liquor delivery 20 station 26 where nother liquors are
delivered into the wdligwedet6hidlustrate eeeation pf thodtop fermption stafyrk. f er ent ot her

| i quors can del i ver.ed iRt i : t. her |iquor can
be deliver edpfnto nofrgelg'tgﬁgﬁlfc?)%sg'at\fﬁ;egngﬁﬁhlér??&#ﬁltlﬁg}& | ﬂorén(:an be
delivered into a por tHigure 6B illiseatete dropformatiinrsgation mith taimvddiwelpplatedaso t he

remaining wells are enpty. 25, The crystalljzation, syst 10 al so i ncludes a
drop formation s‘PeSPP&r’}E‘%%lt%\WPéF’@n?th#‘é’r&PPﬁ{?BFQ‘E?P’é’ﬁe("thPzgn'\Fésr’PB HeIIs are
used to form one,QlioARN& tAE ARh tagina plurality of coverslips that will be
pl aced over the wells. The drop forraation station 28 al so adds a sol ution

cont ai ni ng t he nol ecigure 6CHustatesthg pipetielpldes mayed inga/pesifionsyer aOOnce dr ops

cont ai ni ng her .l i gqueor .and..the ¢ lecule to be crystallized are forned
on the cover ip%o,lm%gp‘g%i\%’é'rqg eimﬁ“s'é‘g?‘gpqi‘?- WD 00/ 78445 PCTNS00/ 15711

posi ti oned over each Rigirk 6Bulidstrifesthe tpipettohddamaved mtelpasgonhvaeaghé welin t he
coverslip into the V\ﬁ| . These drops are called hanging drops. It is noted
that the drop foft¥&t3%9f st ation can be readily adapted to formsitting

drops in a sitting drEpgurt 6BiARGated tha pipbid holr ketithed © iRYestipbsiticaranag not her
' iquors fromthe various wells and t.ﬁe sol ution containing the nolecule to
be crystallized proteindeliery pinstie movss iptogiositan overa Wel\?eYay | i zati on system 10

al so incl udegs a pl at & 8F ifEIANERY vttt bAR. ; AlSiGeyMers 44 can
be positi one%5 on each lgn‘%gtfwegﬁr pﬁelgt 8 e‘%e nﬁ‘%?’.’%ﬂ”% ate can then by
transported to apgitmhandthecavtr hgldstiavdrted a@Dmeiesrintotpositidioven theicokinin pl at es
can be renoved frtom]the Iat? trlalck 14 and st ored.
ot wells on the multiwell plate.
Figure 6G illustrates hanging drops suspended from well covers over the
wells of a plate.
30 Figure 6H illustrates the cover holder moved into position over a well

cover storage component.



Al t hough the crystallization system 10 illustrated in Figure 1 has the
various stations 12 positioned around a single plate track 14, it'is ncted
that the various stations 12 can be divided into one or nore sub-systens,
each opti onaWowomdrI ng its own track. It is further noted PERUSWASIIOf t he
stations 12 15 may optionally be included or excluded fromthe
crystallization systemights 61flistries the tév@r Bdladriretithed & 6385t P6sifddsi tioned in a
sequence other than the sequence illustrated in Figure 1. For instance, the
pl ate cover renpval sFHNrSHAYYC Bhstraieonsition phihe drapepmration Hationdte fegte

readi ng station %Qﬁ“r%*#gi’gi onal Iy, several of the described functions can be
carried out at a si e station. For instance, a plate 20 cover delivery
station 29 can be for Fanird T4 dlystadtésya daert formdtndtatipn ingheest positisb.at i on 28 or

the plate unl Qadi ng stati .._Th bove st.ations 12 can be included in a
singl e systengor can E%f’oﬁaeﬁﬁﬁt@?%tﬁggmp °‘H13%1?‘b%trﬂn‘¥‘ BWH’(SHPE‘E%b-systerrs.
For instance, thedipidtolpedictingsifing dtoparraPmicré@eital ideh Mhositioh F'drodD,
sealing nedium station 22 and mot her 25 |iquor delivery station 26 can be
included in a si Aymatiphanks Pipstigdelderapyeddnty pesitieneyenthe Jyash kasime dr op
formation station 28 ; -g@g'g j ¥o included in
an i ndependent drop fg%%aeﬁitglrl]lw%@aré%g&ngﬂl : kﬁfﬁ%ﬁ?ﬁg?gﬁlﬁ%@ﬁ%ti ons

associ ated w t h aolpamtdf evellsiin the multivell plaeed not be carried out during

operation of the crystalli i on system.1Q. For i nstance,  the nother

liquors can 38 be del W@?eeéﬂlh‘ftf?tetsﬁj °§%ﬁ'f’ ed’f’peételrtr‘ﬁll%iﬁ%f"fd‘ﬁ]{aé?’é“ﬁ an

ext ernal appar at lﬂ@i&}ﬁf&){;@ﬂ?,iﬂ%dﬁ“ﬁﬁﬂdﬂ{dpl@é,ate enters the crystallization

system 10. In such an_instance, 16 = W) 00l 78445 PCTNS00/ 15711 when a

nul tiwel | plate al r eaBigueeofft illpsivateg pipsitesdn theipinste holderafenediwith the sifing | i quor

delivery station g6 eki &Mﬂg{nggmogﬁgémgy station 26 can be operated
S.

to not deliver nmother liquors into the wel After a mcrocrystallization
array has been pr epar Eggutey7Fotlustratss thegrateimdelivenepibetisinadved irtte pesitiona

crystallizatign system.10 such as the one.illustrated in Figure 1, drops in
the m crocr y§? al P??é% %%’mﬁgpgyre%%nno%eweo ’gg}evcé’gmfnooﬁ}l%eﬂ% formation of
crystals. Wien cryst aFigur &G fllastaed aishting dtopforatd @ thagitting dtcprregien bfa t he
gquality of crystals within the drop can be graded for various
characteristics 368h as shape, size or tinme for crystal formation. Wen the
mot her |iquors used 1 hR ©0kR sielibwdF £pliciifatk Rith a pilidnlitgaBbvedhades can
be conpared to determ ne which nother |1quor was associated wth the nost
desi rabl e cryst alpkte tesk diodi apjh parriegectesifiendd bypgatlethe plategragk.f f er ent
crystallizati,qn exper Lient i I i Gh. e conpared
with the res&?ts of o ngrre gcﬁrl\{;%gt% Iaaff]{;‘gg??@%teg%glgﬁtﬁrg so.(‘frl}iéh gé]%g
crystallization tithdtawnrbehaatethe platepack.ng t he results of several
crystallization experjinments.in grder to optimze the conposit.ion of the

o her 1§ quor _used.  oFIEGHG SPFREYEY 8 BREETh &P TR EURa A bPUEAINE Bl gur o 2
illTustrates a techihgude for performng a crystallization trial. A coarse
screen is performed at an initial stage of the trial. In Figure 2, the
crystal lization exper Figaret%illpsiraies thscpmpesition af#8¢ mothepliguor salutions forgy e
illustrated a | i oxes set out in three different arrays which
are | abel ed 2% , p]%g{egr?g&&%?eep’n each array two vari abl es of the nother

| i quor conposition ar Biguresd@AadADallistrate dorimatiorast csystalninaiféenent divps xizethd y axi s
associated with each array. For instance, in CS, several crystallization
experinents are %@P’rﬂﬂe&?kﬂﬂ@% the pHis varied from2-8 in 25 intervals
of 2 and the % (NH4) Z8Qurel 19 héathetothérdiquaCofPosifionsTorIMabiherdique@. The
crystallization experinments in the coarse_ screen are anal yzeé1 to sel ect one
or nore crystal | bsestin B¢ foesereeitage of apetalligationdrislhe pest crystals or, if no
crystals formy, the best crystal-like precipitate. A coarse screen
experinment selected as producing a prom sing crystal or crystal-like
precipitate is illustrated 30 as a black box in Figure 2. Fine screens are
then performed for the crystallization experinents selected through the
course screen. 17 WD 00/ 78445 PCTNS00/ 15711 A fine screen crystallization
experinment is performed by designing a crystallization array based on the
not her |iquor conposition used in a crysllﬂal | i zati on experinent selected

t hrough the course screen, indicated in Figure 2 as the array |abeled FS,.
The conpositions of the nother liquors used in the fine screen
crystallization stray are selected by making small variations in the
conposition of the nother |iquor used in the selected experinent fromthe
course screen. For exanple, if the nother liquors used in the course screen
had a pH between 2-8 and the nother liquor in the selected crystallization
had a pl | of 4.0, the nother liquors used in the fine screen experinents

e .




10 between 3.4 to 4.6. Further, by focusing the array around nother |iquors
havi ng a pH'of about 4, one can reduce the increnental change in the val ue
in the fine screen FS,. For instance, the increnental change in the pH
during the WAPYB4reen CSZ shown in Figure 2 is 2.0 whi| BCT/H8015HE enent al
change of the pH during the fine screen also shown in Figure 2 is 0.4. 15
Crystals fornmed in each crystal | DETAIDBDOISORIPEION i n the fine screen are
anal yzed in order to select the one or nore crystallization experinents
yielding the best crystals or crystal-like precipitate. A crystal l'ization
experinment selected | Is Justrated in
Figure 2 as a box ha\(ﬁr}l{n5,9%eﬁtl}l@w}(n ega?%?gg?gfhgg?%{}%g%frddﬁ% 5 the fine
screen are of a migkddrystatimatignsitp gbteupuad: $Lti1yble efystolhigativnghnditigsl fat @ t he
crystals for drntl;] drffractgeon on the

e ooy o wlieklle EAPGHedREs Rty B e fBtbudctié. b A fbls®

Al ternatively, oomemygébtofmchhmmhb@bmblemrmaymbermtstaﬂnzwl ected fine
screen experinment in order to grow additional crystals. However, if the

crystals formed ¥Gprdg e HEPF‘?'FEI“%‘FBB?P arhs mf&tcut?fpr%feréblr/fh?&r anleeylan gh
quality, the Mot agghd deGtiGh 360 HAbdndtbidieiniPRLAL 700 (Mtohkiulfagh e ML her
l'i quor used in the“selected fine screen experinment as the startrﬁg poi nt
for an additi onait isfrioted thactrtleenvenﬁmgcmmdaeapplieldugmobmelss witk Be@noolculay of fine
screen crystallizatjon experinments |labeled FS2. It is noted that this
iterative pr esg’elgfi‘ Ssel ecting a fine screen experiment and perforning a

finer screen array bapRGndibdaAntiVe Chratneaneraly GEMicréaystdlizatioRoflieesl 30 unti |
a suitable nother |iquor is identified for use in prep arlng crystals. 18
@

WO 001 78445 Pcn\eeimlemst#h@nﬁmct}@mtrapP?rﬁatltnéﬁanétcHtﬁde nd appar at uses
of the present ayﬁagteq%ﬁ% mg@& sthtlmﬁaa %:tfsrs%nm%@s WRiFER array
experiments desc in regar Figure 2 in order to analyze a |arger
set of nother | |mwr&eﬂmma17iagiapobme®¢iﬁsythbleenﬁ dhspddyerfni t h drop si zes
Larger than mcrcooc gaﬁl S Sore &ehat tpsemtf grscrleeceurijt1 ar rﬁ%e
experinents tay HEEH bzgrl?'graﬁee 'Ng" IEFoery YAl Teat 76 t hods
and appar at uses @ffoMmtmmpmnhermt Mmrecure chsal ﬂﬁm@l&fnfl@tlféﬁdcm&iﬁr drop

sizes are larger than 1 rnjcroliter. Figure 3 IIutrates top view of a
mul tiwel | plate #8d WRPcﬁSW&’ybeo‘L‘? @éehwehﬂt%e 9B A€ eRYYehBAPUt uses of

the present inve étﬁlﬁzattlgn %fﬂoQWoﬁl%é)drgﬁsngicﬁgmgrmn@tr lirfi¥ed to hangin
m crocrystallizat lustrate e nultrwell plate 34 includes a
support struct ur@orz@ryetelﬂllzaﬂongnmdb gndsartmg dmgwtﬂlltiaﬁommﬁtbﬂd‘#s Exaip® r ows.

Al t hough Figure 3A illustrates.a t@l of 48

wel I's 38, %drrusf @linﬁlgﬁp cﬁfs #lezaté%l%l ‘risnaé %‘8%“ larlfgere¢ go%@e@ of wells
38. Fi gure 3B prmctmtasoxactsimawravs.@ﬁmmsmmsmlrﬂer)pl ate 34 |IIustrat ed in
15 Figure 3A. Each well 38 includes_an up e 4 umter1d| n ove the
support structure 36. AI‘IW@°EFB‘}§€?“‘€GQ€‘}‘2®“?S H‘r"é‘i‘ a%t?‘ﬁ 180 that a

layer of a sealifigp BN Fod eedinlS, (R RARSe ofABE\IrBE céldthing thelrolbdif gpper edge
40. The support structure 36 preferably has a geonetry which all ows

mul tiwel | pI at esbeatystallizsd islessthandabont kldppmfefeﬁé legmthan apouh/ 3 hdutmasp e

mul tiwell ] acent

mul tiwell pl %‘{ e g’mt_"e}a:ﬂltygl%{sgﬁ@%@ ‘%I us tgrsh? og@efera@%&vﬁg#ﬁaa%%%oag[ | plate
34 which may be Inshd vmdubntmedmptvhmftm mhadwapuaﬂaandsteeom préferablyesent
invention to perform itiin rop Cro jzation. As

i |lustrated, thebstyeen, vt?jt %,91121@0 &’%@%&é?ﬁniﬂt}; {’ tPeEt ure 36
defining 48 wel '%rei%ﬁlbﬁfﬁe@ﬁélﬁq il B0Gel AHIRostPidfefadlyPhdtwiid 10N 130G, a
multiwell plate wth 48 wells 38 is illustrated the nultiwell plate 34
can include a di ffere%pphmlﬁi&hetﬁthwehft@testf“YAtaWéﬁtﬂonrle@PGhd@lmi@eadj acent to
a sitting dr r

illustrated g(g b(grlg 8@‘:“@%?”?% °§}g %owgaﬁg%%{]ﬁ?aﬁﬁpﬁoﬁ @&h{ﬁ@ “E{?é sitting
drop region 42 cAsratasulp(osyrstalscnaedefanmedtmomrd;adlafbytuhmgﬂmsmaﬂ&:draﬁ Figure 3D
provi des a sideview of the nultiwell plate 34 illustrated in Figure 3 C.
The sitting drop region 42 extends upward fromthe bottomof the 19 WO
00/ 78445 PCT/ USO0/1 S711 well 38. As illustrated by the cut-away, the
sitting drop region 42 can include a reddss where a sitting drop can be
formed. 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
seal ing nmedium such as grease, can be applied to the upper edge 40. The
support structure 36 preferably has a geonetry which allows nmultiwell

pl ates 34 to be stacked on top of one another wi thout one nultiwell plate
34 interfering with the well 38 contents of an adjacent nultiwell plate 34.
A pI ate cover. 44 can be posr t| oned over each rruI trwell pI ate 34 as 10

oy —— o P r— -, - =, o



illustrate a plate |loading station 18 for sequentially | oading nmultiwell

pl ates 34 20 WO 00/ 78445 PCT/ USO0/ 15~11 onto a plate track 14. Figure 4A
is a sideview of tgg pl ate | oading station 18 | ooking acrossybhe pl at e
track 14 and™%i#° 4B is a sideview of the plate |oadi ng SFXUPUAS1S

| ooki ng down the longitudinal axis of the plate track 14. The plate | oading
station 18 i ncl uselumas bspden the Present invensivnd Thizsignifivently in¢reases the krdughso 5 t he
plate track 14 extends t r t he bas f .the taower 52. The tower 52
i ncl udes a chut eP%. ats°i°£§§ n\f/'\%ﬁo%etfgreﬁ?e\ggéma""sgt°§%ﬁ§a1@‘7fatl%f%1]id\%e°fli" pl ates 34
arranged one on top oWihbotHeiiz bolkibythaure if io beliened thawsniatier diSpsakitio i ncl udes
pl ate | owering nmechani cs gnot iqr;gw& whi ¢ch cgn be engaged to | ower a

mul tiwel | plate Sahilibrateiastesdian prpeiiaps andaidhis cpusghirgstainie fimmera r ack 14.
The action Ofsgr?apﬁiél% THRYRE oPecitithdlih s BMREVed B B R1aR4 th Bt @atldihiposi ti on of
the multiwell plate 34 |lowered onto the plate track 14. The clearance

bet ween t he pl at betweeucthe e efrdion ¢vepqratinnend deoplkvoluine. Mesnwhidd: theantetoie pl at e
transport assenbly to tr ort th | ti | ate 34, | ower nto the
plate track 14 oﬁ%l)pfe?'%?r%mg%%esr&tbﬁ"ed ert%é)\f\lngrm 3%’ a?‘Tal' E@? fuataes Fan‘%% ‘gfﬁ e 4A
Once the 15 mul t dyesinbt gecaiase 1dkamowitbte drdpisaBRipRl (A3 résulta hefeealp t he t ower
52, plate | owering nechanics can be re-engaged so a new nultiwell plate 34

d
at the bottom of havirg RsnEydinges theyvolymepf i SHUT d5on 6-2 Hdtlpysad@nkywilly 14.

Because the @1) at RaveQRAiMAnty Ris R thentf AMeH Bk duBRY 8felbof U hbif& ldtopd! at es 34
and sequentially position each multiwell plate 34 on the plate track 14,

t he not her Li quoBY desturing dyopsvpbiteenpieQs able todmppave dhesrslatienshiprhgtweentiel pl at es
34 without an operat : iflonj i I 34 on the
pl ate track 14. ﬁceoﬁ%ﬁ@aﬁ %géclf?ﬁ A§‘9§%°%{1’?%%&?%&§§E“&S§°§§§f‘f“ﬁ’ tgl%%{ffed into a
pl at e 34 unl oadi agelstatihg equilibratopandtiysigl folmeatiphat e | oweri ng mechanics in
reverse. This reverse ratjion cayses a nultiwel] plate 34 | ocated beneath
the tower 52 to be ZSA%Q?%?EGJVFP%#H}&pﬁ?sﬁf‘témferngﬁrklsi%té'ﬁg“eégﬂ’@q to the stack
of mul tiwvell 1l afR8medalBivIERGnNedulditd bé R epHrorh Sachiriiilaftén irfal Us§ rat es a

bar code reading station 20. A bar code reader 56 is positioned al ongside

the plate track dresulflagrestar nawbs of erysfallization trialicande pedormsdasias thee pl at e

track 14 at an a g 3(}4@] \ .t . . ead a bar

code 48 on a mul t1we pf%@aé@ebﬁsngoﬁéattg@'?]{rﬁgl{gl%g%?n QES (Eifehscgfr?f‘{)ed above,

t hese bar codes ca#intlermeldcubatotbh erystallizedveldl whsh atl@g8dunadrer ofin be i ncl uded 21

WO 00/ 78445 PCT/ USOO{.15.711. n a b%r codf ticker 1:]?? be Blza ed on the
Kfer ale4ie

Llizqtion frigls grg geedpduin o ueeesTRLY ¢rgst cilést em

mul tiwel |l plat es‘f@%’f‘ _ _ _ _
control |ogigpwhich @ﬁ@dqﬁérﬂ?dﬁﬁ&httb@fod&%d\@uﬁﬂrtﬁeﬁl@IeEhl_EHbiﬁ% nul tiwel |
plate 34 andlor with particular characteristics of a nultiwell plate 34.
Sui t abl e char act @rstallizads In He|cawe! Pistrin ey dalligation; ihsandenuits one ™8 number of

well's 38 in the LPBb Wbl Btfodd ¥Od he g8 in the

mul tiwell plate g%,ktsvﬁ%t her HFZO nmu ﬁd\/\rbgrlr’péﬁﬁ g?‘eﬁ tghl ng}ﬁﬁéc]'}e’? a plate cover
44, etc. The chaempstlEzationitridds wingalropsigraatee than plpditie si@d. Brredoeing the drop
admnistratively entered in order to.indicate informati on abput the
nultiwell plate Y:?ju’f’%a‘{ engeytg‘? W?&ﬂgl’rﬂ‘g&ﬁcﬁ%ﬁeg Perﬁ&s%ﬁ%%@g%a user can
enter charach®r i bdcb@ss feaxible assigridaginintreyde Mg Muaibet 6fbrAXallimtifefrialsi qui ds to
be delivered into particular wells 38 on a multiwell plate 34. Further, if

an operat or usesﬂlatrfa_ék? E?rﬁmﬂeﬁe’?‘ﬁbffs‘llbitcl’é?‘?%rfemq{@!takleiaq%ﬂfﬁ_s into the

wel l's 38 of the fgididatelal, sH&tEﬁﬁgﬁﬂmﬁt@%&!&ﬁe SARAALE RS sfda: fhet O the
system control logic. Because various nother |1quids are already present in
the wells 38 of prissured conserve molequle uge istrednced; s By wonstast, podr thdgi ¢ can 15

override nother |1iquj |.Lver i L voi d _delivering

addi ti onal not he?re%lnéqiﬁ?’%sm%'%Stﬁ%‘eaﬁ‘\g/\lﬁqsgg?é&gﬁ Er?cﬁé;ep%? ?s\’/\%fl?e%p gtég %47 As a
mul tiwell pl30e Ahimayds dumbesfitridldthatedréiperfannediaiione e daé 1o Sshaftggyn 31, t he
drop formation Séstegbétz (gnd/ or through the crystallization system 10, the
characteristics Sa¥yldlemoleleh the multiwel | plate 34 can 20 optionally be
nodi fied by the systemcontrol logic in order to reflect the changing
status of the multiwell plate 34. For exanple, the systemcontrol |ogic can
note when nother |iquor has been added, ;pr when drops have been forned.
Figure 4D illustrates a sealing nediumstation 22. The seal i ng nmedi um
station 22 includes a sealing nenber 60 suspended over the plate track 14
at a 25 height which permts nmultiwell plates 34 to be noved under the

seal i ng nenber 60. The sealing nmenber 60 includes a sealing surface 62 with
a plurality of sealing nediuminj ectors 64 arranged so each sealing nedium
inj ector can be concurrently aligned with a well 3 8 in each nultiwell

pl ate 34. The sealing nmediuminjectors 64 are in hydraulic comunication
with a sealing nedium 30 source 66. Accordingly, a sealing nediumcan be

o o NN



WO 00/ 78445 PCT/ US00/ 15711 medi um source 66 to the portion of the sealing
surface 62 adj acent to the sealing nmediuminjectors 64. The sealing nenber
60 can be coupled with actuators for noving the sealing nenber 60 relative
to the wel | SVQ0E7845 a nultiwel | plate 34. The seal i ng menbBET/BEP048H1 be

noved vertically over a nultiwell plate 34 as illustrated by the arrows
| abel ed A, The seal i By rediiify thé Qropadluadesthe hembéraf slictbagsthlBifioas it r el ative
to amltiwell plate 34 as |IIustrated by the arrows | abeled B. Suitable

actuators i ncl uctn bsperfagmedapihe iy ¥ drpreaged. dihe armbsrof pigoemigallipionaul i c

pi stons and el ecgyr, 1 mdie sealing
medi um st ati on Z%ﬂlét:%lédygs g?gxﬁ%lﬁg%ﬁﬁ% ‘gsgreké?abﬁpgééa{#stg%}ﬁ a nmul tiwell
plate 34 into a pm&rztbl)ogremeh@ 1t4l45mv.ﬂ|pteéer8318gxentet1hm 2. ttiiswadted thhthe 34 are
posi ti oned beneat h .t he.seal mgﬁH g n ectors Tt}\%@eab' menber 60
i's |owered urti | kst SERCToLy iR %’E"@S a‘ga’( ﬁm&?}ﬁ?%iﬁfe per edge
40 of the wells g8udle, bh@pmahglfu@répaﬁh@mygwhmﬁemasohe wells 15 38 of
the nultiwell plate 34 are .aligned with the sealing nediuminjectors 64
before the domvﬁW%@%“B‘?S‘fﬂFéc%@éthﬁﬂ’ member 60, the upper edge 40 of
each well 3 8 encircl neafd ek i ng
surface 62 is in contlg;é:rf%\llx,ith ituﬁlgwu e&meﬁﬁlﬁ%%&%ghﬁgﬁbmeﬁeﬁn%&%t he
seal i ng nenber 6ie agay alsccallomisy grqat!nsmab%@fdifﬂqent dodkrsalutionstn bk atddom causes

wei 156, ot MoughmiapSpatisSisaPilaf b B e 20 RuRRG: Bimited®s coret 1y of

the wells 3 8. TiHay dfaﬁab&ystalnmshsedanmmdemag gfestef then $&abel@luIRES UM
delivered to the sealing surface 62 to the upper edge 40 of each well 3 8.

The anmount of sefl prﬁgmﬁ@thIEvoaﬁ%lfl@qseaedﬂa thewgaﬁpﬁevor@awrwréhaneach 25
well 3 8 dependsyg Hlofré]ﬁreﬁmwgreaeér 25344 ngoﬁsﬁreamlpgl%aemmprbztd}ﬁeé&a' ing
surface 62 adjacent to the sealing mediumihnjectors 64 he anmount of
seal i ng nmedi um deddksehutidns mayt beensedp biais neteid)that th@)nwnbetrlqéstwdd Jont®ngcawhoul d be

sufficient to cr ars .a |1 e C rslip and
the upper edge VoM efxcf%l%g%f?&gé% g’ymﬁ)a%%"g%be ﬁsﬁfasc@ééﬂ\ﬁ%m%ﬁeé% e, but are
not limted to, dfferssstaRdoldfionsasal i ne. WO 00/ 78445 PCT/ US00/ 15711 It
is noted in regard to the sealing nedi rmstatlon 22 that the station nay be

readi |y adapted for u¥eallgf Y¢lumes eHHEPT Hay po be pesddp thellsoddeas wel | as
with sitting dr i¢ Fega%ﬁ of drop
array crystalli g‘g)thlﬁ%%@fynéﬁhéaﬁfrq[ﬂé)ﬂgdsté@@ewglﬁéﬂ{% )dlgésﬁr% %n\t/\?edg L‘the edges
of a well 38 ancbrafena(olydpslthqm aboutd0f L, morerpraférably Jass tmamnﬁ@mlwhmdch is

pl aced over S|de i e ate gover 44
Peroval st atitn hopees Bl aof an bf, Ravis? & SPeSlioedn it B Cover a4
renoval station tdsedinclude bubare astlingigd t&BS gbnﬁt)(gmeﬁhzsoumym Merki cal ly as
illustrated bythe arr | abel ed A 10 .and | strated by the
arrow | abel ed B.t ;&rf,ga{ﬁggr ‘Lﬂ aHeToPTy Btp 6@10*%‘}:%}‘ B‘ct'éﬁfuﬂr@&gvﬁ*? h the
carriage 68 and ﬁfc?och’%taﬂ%ﬂ&ﬁtlﬁ Qpl?a&rm&lﬁﬁxﬁ%é %l’{lfbhw 6th~eﬁs E£havi he vacuum
source. Suitable vacuumfitting 1nclude are not limted tTo, rubber

fittings havi ng ‘mlmchgeahqntﬁqOm@, qu!@balessethmmptﬂﬂﬂ HLamereeumat i ¢
conmmuni cat i S8 5 During operation of the plate cover
renmoval stat iferatbﬁalesﬁﬂéafle rtg‘ﬁgﬁfdrt assenbly noves a multiwel|l plate 34
into position next t OTHeluge ¢ff sartalt voluwes of mothereiqust dlowe theddells i muhivetiul ti wel |
plate 34 has a plate cover, 44, the carriage 68 is noved |laterally until

each of the vacutl#esodeimage smejles,taerghyalio e WEHs torhs PRtitienedonia pl ate 34.

The carriage 68 mﬁlnwem?ra&%ey&ht &e@tpdr@ﬁaﬁﬁpla tMStWbel&Es Kdidghewypcuum
fittings 70 are in contact” with the plate cover The vacuum source is

activated in or d*eﬂmnﬁ)lessrthﬁbﬁﬂomz-‘é’otl-lﬁéiaperéx@evb’rthelsﬂmeéb@tpnvteasﬂé“teHe

carri age 68. The n 6 o] The
verti cal rmtl on ?l nggl rl%fésle‘!ét?oeDt ;'MQHTF E%?%Hgtgh 4 [é g%@@?%ﬁaﬁ? g’%lh
multiwell plate rﬁdﬂuer‘llfqaommiumagmy&& eimpldybéin omeredﬁirmmeeducbplammeh. t he
carriage 68 is positioned over a 25 plate cover storage conponent 72. The
carriage 68 is lowered into the plate cover storage conponent 72 and the
vacuum sour ce di sengaged in order to drop the plate cover 44 into the plate
cover storage conponent 72. Finally, thé&carriage 68 is then returned to
its original position. The plate cover renoval station 24 can be adapted to
a plate cover 30 delivery station 29 by operating the plate cover renoval
station 24 in reverse. The reverse operation causes a plate cover 44 to be
renmoved fromthe plate 24 WO 00/ 78445




PCTNSOO/ 15711 cover storage conponent 72 and then placed on a multiwell
plate 34. Wen a crystallization system 10 uses both a plate cover renvval
station 24 and a plate cover delivery station 29, the plate covers 44 used
with the pl aweoes4es renoval station 24 can be the sanme asPOT/USNOfIEHL ent
fromthe plate covers 44 used with the 5 plate cover delivery station 29.
Figure 4F is a top ViBywufizifs SRAINEEp VAIGHA! a Sighifivaily ghdattt h@fbet®rWhere a

not her liquor is delivered into the wells 38 of a nultiwell plate 34. The

mot her |iquor deFiystaliigationgrialpeanche perfenmed aising thsisame pmeynt of maleclgepAyashut t | es

74. Each shuttle_jncl . ' Y, j t | J al ong

bl ock supports 7§%saﬁd%ﬁ%slglgﬂ?é%r¥°$& 51 %%ﬁgeglﬁ?%@gfog@ S%thg’“vhﬂ ?IE’ %}ﬁ%ck
actuators 80 to #ituthealivve tihahotheriligudy solukien theinmore widedyevazied dh itsect i on
relative to the plate, tragk 14 as illystrated by th rro el ed A

Sui tabl 6 bl och. aLeraREPE: §bis Hiep v molfat hdigssiion:p e Frmed of Pandimat | o

pi stons, hydraul kCs g r3ére 0SmpdHents Whechlakeovabied Rithin the &kiye 4G provi des a top
view of a delivery block 76. A plurali té of 15 lunens 82 extend through the
del i very block 76. Thélspaeaerdingtp thip methiod, thewrdyof snigrogrystallizations sery gr oup 84
and a second del | £ L. L N ri nge, can
be renovably posﬁﬁl%(%%g n?%pggg%m@%l%ﬁEﬂfch'ngﬁcgltpgée sfcf%%%srgltegséizi{n Fi gure
4H. The | unens 8eils) mpacprefdeblyvat ieastGi6 ovells,3dd nfd6t meferablyranlegeds ovells.he
delivery block 76 sq.each fluid . inject 88 can.be concurrently 20 aligned
Wt a o ffefGn BaniAaglismethis iatbianles PEp<cis e sl HERS Wk fe nunber
of lTumens 82 in gatdsiAgdty R bn@indHee§41ls.86 is preferably equal to the
nunber of wells 38 in the nultiwell plate 34. For instance, when the

nul tiwel | plates 34 ifVep acferding tadhis methgd, dstestingraystal éorppationeas imdudegs
preferably inclu f Ll de\NGEG L Sal R4 | uid
conmmuni cati on w %ﬁrr%itnger sg%g?r&g%ﬁg%le ck}gér’gtct)}qdzlilﬁg%ﬁéﬁg ??ﬁ%ﬁlf %}dect or 88
can be in fluid tenmality ofithe orystal'stshructusi Khhractonidakien of thejonystalkmabee. However ,
each fluid in%ecto 88.1s 1ef era Ly i.n flui ﬂﬁcommnicaii on with a

di fferent mother PFToRRST magi e bEfakinedmagssiof fgdrops ARd analyzeBase| i quor
delivery stati onjfedRyiHRGtradtie of Erysthls SaitAiNeT Witldh Hepsdraps. 84 and five second
del i very groups 86 which each include 48 fluid injectors 88. 25 WO

00/ 78445 PCTI Us00/ 157hte metaskaap algp jncluds blepifyingithe Gompapitigrpaidhose ar e required
when each 1 uid biefidor Surldhs ifWwhitlrds A0 WEMHefedleh R Wrkoliniag 01 1 €7 ent

nmot her |iquor source. Figure 41 1s a sfdeview of a nother |iquor source
storage bank 90 #dslitidnel aiystajlizatién wiaksrwhereghé Ermblatieroef thometbeslig@pr The bank 90
i ncl udes source hol ders ar r in five | unms. .and four rows. Each
source hol de?&94so Lﬁﬁ’nﬁg’l‘%éﬁhf)l?'%&gﬁ'g{eyd&gfte‘\r{rbst ererlr‘y}a}aeﬁlbr sources 92 and can
be slid in and out ofFigiae 1hkulkatdda Egstiiligitior 8ysems YO fue pas@ming 4 he not her

| i quor sources 92 being held by a sipgle source holder ,94. Wen each

miltivel | plate gxstﬂaga%@atwiﬂﬁewwlﬁ%eﬁn%m@mba fV“gél?fPéf?ré‘?“ébl y hol ds

12 different not§{fonk i HHALHERAWRRES Iﬂﬁing%gexéﬁ&%f‘iiﬁe;ll%@%liﬁﬁ&hsﬁ&wm contains
ui

48 nother |iquor sources 92 which can each be in communi cation with a
different fluid mpjtevstl plat@urd prsitigaesibn aplath radkalfie AdBarispert gssemblyifnag4, 86. As

ingte del i viry uiieleBARh PR, SRR eSO G I SRR N 00 M 7

i ncl uded on eachststictie 12f the plate track 14. The nother |iquor sources 15
92 positioned on one .gide of.t track,14 can be in fluid

he pl at
communi cation with the®*f&s ézf"s}°‘b$'5tﬁ'ﬂ 0 ?1%“49§3P’é’§‘fss‘t“ﬁ3f“ti e of the

track while the gedh@n cdrftAEatidn With@e RidoR¥tiohd N dSuiable BRoceRgwhitg side of
the plate track 14 can be in fluid comunication with the delivery groups

84, 86 on the oppofrnep withihe gfystalligation gystenp | & inelude, bupge pptlimiteddpdiGst i on of

t he not her |jquo i . Qn ly noves a
mul tiwell plg e éﬁqﬁéﬁéggﬁmg&%gégigﬁ?%P&%%gP%?I?%%aggﬁﬂgg%ﬁﬁ%ﬁggﬁs 76. The
bl ock act uat or s Bgicdarcohtralingriie epériteonddeachestayiol huthe traiperdadséreblynj ect ors in
a particular delivery group 84, 86 are aligned with the wells 3 8 in the
multiwell plate 34. The particular delivery block 76 and the 25 particul ar
delivery group 84, 86 are associated with the nother |iquors which the
operator desires to be delivered into th® wells 38 of the multiwell pl at e
34. The nother liquors are then delivered fromthe nother |iquor sources 92
through the fluid injectors 88 and into the wells 38 which are aligned with
the nother liquors. The delivery of nother liquid into each of the wells 38
can 30 occur concurrently and the sane volune of nother liquor is
preferably delivered into each of the wells 3 8. 26 WO 001 78445

PCTNSO0O/ 15711 Figure 4J illustrates a syringe punp for delivering nother

i quor fromnother |iquor sources 92 into a well 3 8 of a nultiwell plate

- AR A 2 1 o o




92 and the fluid injector 88. The volune wthin the syringe 100 can be
mechani cal |y conpressed and expanded as illustrated by the arrow | abel ed A

A first pin 02 is positioned on an input side of th i 104 and
a second pi ﬁ‘?ﬂt@éerdsl% is positioned on an out put side of Fﬂ@ﬁé‘w}?ﬁbe 108.

The 10 first pinch bar 102 and the second pinch bar 106 are coupled with a
rocker bar 110. K OPPIgior sanupe opger rpeye Mesr inderfacqsitg inferactyyiths digerfgagst positi on
where the first pi ' ' [ on the
i nput side of si gléd)(gl{‘}o?ﬁéer ts P%%C%Pﬁg&i?hgmgﬁppd&tbggﬁgg&g °%‘f?§’b§€?“fenge 108
remai ns unobst r uestdomitelhe coropitemmdyétors| Béyboads, owosasyand traekdbatisl posi ti on where
t he second pinch bar ’3)06 15 ?ﬁg‘sv\ﬁhﬂchedt ﬁ.he.fl ui.d 3§n ujt 96 shut. on the
output side of the syrMiRoPFES© & CYRRIZHOg sy sEp 4 & 1By TRTROL B3SPIBR 108
remai ns unobsgr ugioees a AllkiweD plads padithe dtdfbrs 2D waghaudisEbhE alphiticiav ed bet ween
the first and second positions as illustrated by the arrow | abel ed B.

Duri ng oper at i onfusetion Fog jnstangfe thegrystallization systeay 1 0jasludes @ platelopdiag t he 20
first position agg.. TN k- i t he
anount of not her tlléq)ﬂggr%{P%y@]tﬁ%}lﬁég?seag??ea%{%hg%%%qf &ftﬁéﬁl?{% ﬁgaglf %l d

i njector 88. Becdimerystaliztion gystemridulso ifBuder a blirecodeitepdihg statden 20f whdre syri nge

108 is pinched clgsed, the expansjgn of the voluyune w thin the syringe 100
by a particular & eﬂ‘éﬁ?é@ﬁtﬂ‘ﬂ lﬁﬁtﬁ?‘ﬁnibﬁlr%?fi' et al{h t’r?ésﬁt?’ﬂﬁbavm from
the mot her | ihguokurder :EMA&GS sBaing PRI Stlitedn 222IThé &&uh%rﬁebﬁﬁl SRt o the
second position and the volune within the syringe 100 conpressed by the
anount of not her can kpised toepply agealing apedipm tort mhlglw%mlatessspwﬁmgnthm fluid
i njector 88. Bec | Ui i {: d t he syringe
104 is closed, t Shl I’rr%?ﬁ‘e”ts“s‘%‘”égeg@?‘tgﬁ“e&t\}}gﬁ’iﬁ%ge%g?ﬁ}‘ﬁﬂﬁeéé‘g& i‘ﬁ%lé 100 by the
parti cul ar anpuntefusdsresach adtivpdiflate. uTher se@ihgansiivm sdreesftd Goamtadwealugh t he
fluid injector 83 and into th asgoc{llat d 3£el I1 38. 27 @%/%445
PCTNS00/ 15711 Th&HETher UPReg %S BETeF 8’?@5‘% LPFILEOVET SUMUEBl TEiEBRAES £ or

i lustrativejpur pesREsIPMWNicR GobEbNed\bREl cath FEIS atal 1@tePQanf the FOr instance,
a nother liquor delivery station 26 can include nore than five delivery
shuttles 74 or asryplelizationsygem iy Theerystallization systepe Falshineludes aplatean i ncl ude
nore than two delj ' shuttle 74
i ncl udes a singl @%ﬁf%ﬁﬁﬁ%%%ﬁﬁﬁf oogﬁrsgg?rfa%égggecgtg%ggérﬁ{ gxel i m nat ed
and t he deli veryfremmuth¢ ingBiwéll pttes. be stationary relative to the plate crack

14. Additionally, the,.conbinati.on of t |.at.e,.track, 14. nmov nt and the
del i very block 76 mvgﬁ%ﬂi’s’%gﬁmﬂ%s){fgeérhnf%goplf}%lflﬁsgﬁmgheﬁi‘ﬂ??rcqgﬂg?yf | ui d
injector 88 ower swmtidird whdit motheEliduodtrddelivtiae iMi®ihs evelld Befireguoihs can be
sequentially delivered into the wells 3 8. Accoegcgbi.ngl ! ,Pfarti cul ar not her
liquor can be demultvedlplates d)lg-efﬁ_&‘rffl?té‘?flhﬁf"‘_’%?‘?b .hV‘FF‘é’tE‘FCb‘_%‘ eggngkells| | ystrat e
various stationsl@etial mBBYr Rfiot dflbddeitleled ifto MRPHERELIBVLI FEEE em 32. |t
is noted that the drop formation system 32 illustrated in regard to Figures
SA- SE i s adapt edmfother Hquvangyi bedelivared b agortion ofitheswells| anassirgdmmultimelldr op
formation system c he i nmodi fied for a sitting drop array
crystallization Br;égecsé)gﬁgel rﬁrdla{nﬁn%qlln%%ﬁléereg}pﬁ%uor drops and nol ecul e sol ution
drops to be deposit edThycrestalizatibhgysebO0 dleginclndet2 dodp farmatiohistatibh 29| at e 34,

such as the one iIIustratg,d in_Figure 3C, af ogpoaed to on a coverslip. 20
Figure SA is a t3BeFineths SHQYEH I BBN AACCTHNYSdEPPSE | s a

iquorg, Frswqhwwaw B
si devi ew of the dp Qp kB doVksisahdt Will Bpladddvel ROwEI, MBkiagsy Station 28
includes a wash basin 112 through which a cleansing solution can be flowed.
Sui t abl e cl eansi faymstidrustations8iatseladdica sobtion gendaipiog theimoleaule tobe wat er. The
drop formation statinn | sQ_lfcl | U | [ age
conponent 114 25°W5t\?ﬁlr%§£§r%§e %’S’erﬁg&é%?g%aggdnso'%??]%‘eym% W%Eari&l@ef or storing
sol uti ons contai mobgulchebsraysaliifed drofotthel arthe taletslips the cobherslipslaecul e
solution wells 116 can be capped for storing the nolecul e solutions when
the drop formation system 32 is not in operation. The nol ecul e sol ution
storage conponent 114 can be refrigerated in order to provide cooling to

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

WO 00/ 78445 PCT/ US00/ 15711 is not in operation. The drop formation station
28 al so includes syringe punps 118 and a coverslip storage conmponent 120
for storing coverslips. The drop formation station 28 also includes a

pi pette hol der 122 configured to nove vertically as indicated by the arrow
| abel ed A and laterally as indicated by the arrows | abeled B. The pipette
hol der's |22 | ateral range of notion allows the pipette holder 122 to nove
to a variety of positions including a position over the wash basin 112 and

L N A N Y T o, 4 - ~



WO 00/ 78445 PCTNSO00/ 15711 Each pipette 130 includes a valve 132 and a
conduit 134 extending fromthe valve 132 to a syringe punp 118. The syringe
punp 118 can be used to draw fluid into the pipettes 130 0 ive fluid
out of the pYBAYTY 130. The valve 132 is configured to dgfl&é‘?wg&blps of a
particular size fromthe pipette 130, These drops are delivered fromthe

pi pette 130 unt i posiiogedever gachyted|suchathatiiee gns ogjmioradrppschahg famithe pi pette 130.
Sui t abl e val ves i u r | Lwgaqted. | ezoel ectric val ves
and sol enoi d val é&és%%ﬁﬂggﬁhbgh%gn dligg%rreé:%ilmtd()ﬁﬁl%lb??gpé'dr ops as small as
380 pL. This all ows Mt sdwttition thefdropofbingatioh stgtiar catlibe peadidg adapeedito fism3 80 pL.

Further reduction in the.drap. si.ze delivered. by .thes i.pettes 10 130 ma
al so be possi bl SR drons ;2 H@‘&EF@@,%&W" §"}“}H‘%ﬂl&gﬁe&58ﬂ§1"’fmm h the g

scope of the Preggidfs frdhy BidtvaBbus Wl aid 16 bdlStich coRRBRERRE méRketle toke t he
nol ecul e delivery pipette 126 is simlar to the pipette arrangenent used

for the pipettescryg@liziditpihe siteg gropeagions.hol der 122. Accordingly, the

nol ecul e del i very pipgtt SQ . I 2 condui t
134 extending fromt @e\?éisg/aégf@é‘ sslgﬂe%ﬁ?ég? ?lrbcgu%ﬁ%l\é%fﬁsﬂ%d%éve% etgou e

del i very pi pett e29wker¢ plaiizoeers ¢4 gande positionel ea vhoh mdtiwtli platedMhps as snal | as

380 pL. Further reduction in the drop size delivered may. al.so be possibl e,

woul d be desi red‘,n“léﬂmﬂhipgltq ‘f?f‘élﬁﬁg’éf pPﬁ?qztO\ﬁp?%?‘r‘Fﬁ?aﬁié“gssé%‘ﬁé 3§fWhF‘P? %r esent

i nvention. 2y Fi gukivefbPlates can Bd @61 &Mrdh the phdedckl 4 pndabgar 124. The

coverslip holder 124 includes a frame 136 which supports a plurality of

support cups |38 shapféﬁlotlzﬁﬂ‘éﬁﬁ'\?‘&lilzquﬂéb’ﬂe%é@éf@!ﬁtﬁf&n&lg%eé actheg whi ch

approxi mat es t he, sack 0o, D¢l p&ﬁh&f&‘ro&ﬁdﬁ?@@mh@ el M4, WTPnGEa &Fﬁhém! tiwvell
S eac sliipt y

plate 34. This spacing perm cover 0 be concurrent al i gned
wi th a differentvanehd st83®ns h2 eantfe divadadrimto ofie dimporatib-systeinis, gcht e 34. The

support cups 138 can jnclude an attachngnt ne nism 140 for .i bilizing
the coverslips i‘?Pt‘BP%{b' ayige is PWB%'P?J"ftﬂgg'ghﬁﬂ’a&m%&anﬁgg?he‘?tﬁgongggachnpnt
nmechani sm 14{% seh¥esptiofalkeiindiddeevensed REmithe @YAMBzA0L Bystdae1goverslip
hol der 124 is inverted. However, the attachnent mechani snms 140 can 30

rel ease the covefusthepéhegtatignglesgap be posiasad in asgyenps eherdhiayths ssquense der 124
attachment mech H%Fm 40 LG U insRlle. e S1a0000vhd fiinb &l staf gyum sour ce
in 30 WO 00/ 7@2 P&%?Blgg%/ 1571.!Lnspneet’ma?|lac C(‘)’m%uni catsilao%n%t vacuum
ports positi oneoboisiniondfdsbkeﬁcuppm:m mdpsead_'l@_s.staﬁl_m 20. :@détiqnakiwumerdhpbmglh_ t hﬁ »
vacuum ports seryes..t eep the. cover.s s in ce an .the coverslip hol der
124. However, wh ﬁcr{bﬁgﬂgl(‘i@ s?Ia?BeWe&eorult%flf"\g%epsitanl\?rel'r & g{ Cg’avpg%tﬁum can be
rel eased by 7i sepgadicligery batiore@usambs Gitmed intsgrdlyrviithahs iiog férhatisacuum  The
rel ease of the vacuumrel eases the coverslips fromthe coverslip hol der
124. Figure SE i%?“&ngﬁﬁéﬁ}’ie@w"p‘}rﬂ%?dﬁ’@%#‘%?(b storage conponent 120 which
includes a plurali ty’I%aﬂ&@%&kiﬂ&slz%béln%ﬁggéiﬁaflﬁlgﬁ GRUARIGE baP@cHgé St acked
on top of one another. The stack of coverslips 144 within the magazi ne 142
can be 10 bi asednecipdvdrin differdnt independeny subsiyptpms. 4Poramstanhe thegpaydéadinge st ack i s
near the top of e azin JThe, spaci et wee azi nes 142
appr oxi mat es thesttgsglﬁg’rcﬁaa%ﬁo §é E%/i‘/ilehénzs‘a[u %Sos’&g%‘é‘ﬁpggﬁ‘b“s*%%&tzgﬁd @gméover slip
hol der 124. 2Bhi Sliquppddlivery3eaion 26 cancbelincbmigd i asinglélmother hquoe deliveryr ent | y
aligned with a different support_cup, 138 of _the coversljp, hol der | 24.
Accordingly, a c%%ﬁnélli"ﬁ"lfgl% &?R)fﬂ“@%lﬂ‘? S%"’Pr%%%ﬁ’itﬁ%pli@émk’éﬁnéﬁ@ﬁo al i gned
with a differ entcaﬁ‘ﬁ@ﬂﬁfﬁde&iﬁ&nlﬂ%?mﬂeﬂ%ﬁﬁfoﬁﬁa&h sydtdr!33." AlBitichalBfthod for
operating the drop formation station 28 to form hanging drops iIn each of
the wells 38 of funetigns aspedigtedswith a pgticularistation peed @st bercarred S8t dusing wi t h

respect to crystalli. } i can be
used for crystal |}za%11?’|§ %%tﬂgf&g)?ﬁé&r%{oﬁ %g%%ﬂ é@oyn%?{rgsgﬂféétsa% @%H%ilgﬁzrngg A

i llustrates 3 drieplefivaredhintocthe wtlis oaf anmit@welhplath by ae extenpalsipparatns béforeh can be
occupi ed when the dr 0 tion.statjon 28 is n N _use or between

i t el 1o at edremobRieHPial erdP R Bl Reienden b, in wihh FEARE, at i on 28.
In the rest position, coverslips 144 are attached to the coverslip hol der
124 which is positioned to one side of the plate track 14 and the pipette
hol der 122 is 25 positioned to the oppogsng side of the plate track 14.
Figure 6B illustrates a nultiwell plate 34 noved into position for drop
formati on and the pipette holder L 22 noved into position over the wash
basin 112 for primng of the pipettes 130. The pipette holder 122 is

| owered until the




pi pette tips are within a cleansing solutions within the wash basin 112. 30
Cleansing fluid is aspirated fromthe wash basin 112 and the pipette hol der
122 is raised to renmove the pipette tips fromthe cleansing solution. The
cl eansi ng 3WOOiB#M50| 78445 PCT/ US00/ 15711 fluid is then exHSVVONIFom t he
pi pettes 130. The process of aspiration and expul sion can be repeated as
of ten as i s necessanymiltwelt hiat\abealypontpinidgymqihértigdoqreqphéd thé mbier Fi gure 6C

illustrates the pipette hol der 2 noyed. i ntp. .positi.on over a colunnm of
hel 1o 58 ot e TBHoBEdeery StafiGh 26,36 Tather Jiayi 4D mtiihat e @Rergtsd anch
pipette tip is abhenRUvermkdiha lididrh aiieme wegd! 38 in the colum. Accordingly,

each pipette 130 is associated with a particular well 38. The pipette
hol der 122 is | ower echMishg micragrsiallizabien pgay hag bpen pyepsrad; byrpseressingd n t he

nmot her |iquorg i ' 23 i her..liquor is
aspirated fr 3m %@ﬂ%ﬁﬁ%&}hﬁé@p %ﬁ%‘%‘:‘.“gﬂ?‘é’ﬁéﬁeﬁi%%F%é%‘{egg? ﬂ%.gtmeﬁdemact uat ors
then lift the pifgtre &sdré@(n theumicobctystallizaipnertah earpbhebbéreed fopthef rom t he wel |'s

38. A portion of_, the aspirated ther liquors are then expelled from each
pi pette 130. TheOB3a5eR PESYHRIEh C?F‘aﬂ%?%r%awedbaeéfqp 8 Petisulaswelbi at ed wel |

38. Figure 6D ilthdiglalift &Feryistas vt e Ardplafl 86 grhded BPVEDuURkactdigtiGoverslip
15 hol der 124 and is EOSII'I oned so each pipefte tip is allgned wth a

di f f erent supporsicleagshamgsizegrdimea foperystalfopation g Wiee the audihes diguirmysed
coverslip | ugsi AR LD t ' i s engaged to

i mmobi i ze ?lﬂ)e g%\%%?ls |\;I)¥gcl r'éﬁlgt% H\?%F 0 ‘Jtlﬁ%‘@%%g@‘lraf"r@éégg‘eﬂﬁ? One or nore
drops of not her Whiguestherdiqarpehd assbcfatednwvithathébimpstpiesitablelcdgstadit o t he

associ ated coverglips 144. As.20 a resylt, one re drops of the nother

li quor froma pé}%cP’@Eﬂg p eqeh wellgery e??ao‘}é"ffrﬁrétrc@'dtaﬁoﬂﬁg°‘hexﬁ PEETME coverslip
| 44. The drops Qrodieésiesults Wil cartbecompRri vath tBsetulishe oder @y stlliiBsiod 44 unti |
a desired volunme of nother |iquor has been delivered onto each coverslip
144. The total \SPHRENEY t he drops delivered onto the coverslips 144 is
strictly 25 gontrol |l Yo [P ' f the present
invention i slgt he abi ?‘:jctr{/ﬁ%tﬁlcl)ﬁlt E{f,&@g?’glé’%ﬁ%h@ﬁéﬁi@g%ﬁélﬁgé §/a?v\,hi ch enabl es
smal | drop vol unestalzatien expedimenty infordbe td optsnirdthe boropusitida lof themotidrunes as

| 380 pL, yol be, del i vered with t ision. Th i si
of the vol umres JEPPVBFLT FosRliaton ale perkuer else Jopie Sahuttaterr e

preferably | ess t¢dAaique for pbrforiiigtn Pstalligki6h BI.YA IcB&Se dchRf i pePfofthed ANd NDSt
preferably less than 10 nL. The precision of the vol unes cfel ivered may al so
be between 380planiHdalzmeeef theisiab nFigurey thogystdlizaiopeanerissos15711

preferably t - .and 15
nL, and rms?% pre %F%%ﬁy hgit?ﬂce%%cg%rae&@%ﬁlagﬁagédﬁf%%#%lﬁgéf\%%gls %@g@b Tates the
pi pette hol der 12%2e differennathys whichererlgsiediifsi €5,@and WSi.cln eactsariaylteist rat ed i n
Figure 6A. The nplecul e delivery pipette.126 is noved int sition over a
coverslip 144, BEFEE B8 me S HUSTREBOPIL| ¥F Bhrmebilly redsbsiom o 1 44, ¢ he
mol ecul e del i veralonpitiat i Yl 246 etsiatedwdthedch o4y, Fopbtah@inals, kBJepgul €
solution well and a _volune of the nolecule solutign aspirated. Once the

mol ecul e del i versyspilizationexperiments arp periamed wherg therPH isvapiesd gom Rr&in144, dr ops
of the nol ecul e; i i ds : N ! i whi ch was
previously 128 dé‘?[?lj\yglrggg@gﬁc{tge %%%52}??%&1%%2%2%%3% o% 2r(%bl ecul e

sol ution are del i ver &te emistpllizatiod experigntnis i thawoayfe serser englapalyzedue i on i s

achi eved on the versli .preci.sion . 1 he, vl S livered is
preferably |ess?® g%r? “%B%'ﬁ?r%géfs%@}%ﬁ%r%%r?né%ésr‘g%f:@yﬁledstge ?%g?{y%s ﬂ'i:%r nor e
preferably | ess nblastalsTormh, thebest aayssdl-like pfeeipititt.y Alcesise fchetn edferiddent The

preci sion of the vol mes%{jej i ver ed, may aIFo beg} g bet ween, 2._and 25 nL,
mor e pref er abl y SHEfGEasProdusing appmisie fystal ofcnysial-Lise prepiatiate isdllusttagd 15 no,

and nost pr gper abh ¥iaPEbNER FighreP OFih sdidens A3 eneiPettbimcaifip drops and the

protein drops may be delivered in any order. Once both drops are delivered,
t he drops conbi sgstallizedgenaxaeingngs sq:@cted through the course screen.
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drop to be studied for crystal formation. 20 After form ng a hangi ng drop
on the coverslip 144, the nolecule delivery pipette 126 proceeds to the
next coverslip 144 until a hanging drop is forned on each coverslip 144.
The nol ecul svoleld/1844sry pi pette 126 then returns to the posiRGIHBOBVAELL t he
nmol ecul e solution well which was the source for the nol ecul e solution used
to create the hangi ngs dhé®fseen TRBtaNRARGWK Sermtnt!isipeforgd b9 ML giAga i N t he

nmol ecul e delivery pipette 126 is expelled into the nol ecul e solution well.
Figure 6F i||ustqr&%t%§zaslﬁ@aml@mﬂ@ pther Nquar epmpogitiopgseddr r ned to its
rest position as..| : 10 F | | S5.Q; ] trates the
coverslip hol dercri_’[%ﬂ”?ah\%lg%ﬁggbgﬁték%éiw%?gﬂ e%g{sn?% ?cg%eﬂ’o@glrch tt% é]glscol umm of
wel | s 38 on the Bgumilas theeray fpbeltdF34 The hempasitions bf the mothdeliqubPsiused

positioned sqo each coverslip 144 is aligned with a di.fferent well .38 in the
col um. Speci | daﬁ@@neéﬁﬁwgwstéémtIOmﬁfﬁgo?%?A%dgém@wswﬁﬁn@wm| ip 144
is aligned W th hoigon®sitiod 3 M8 infotheBgudr N6dSR tHeGBle@bd &xtperimBitiRim thequor used
to create the hanging drop on the %I ven wel|l 3 8. The coverslip holder 124
i s | owered unti |contse seregpe For pxsmpleq i thegnethertliquers usgsiin thecgyise saeendpd t he
associ ated wells @b fg TRk & i [MaTUES fed to the
upper edge 40 ofa@ﬁge%ﬁ%g%d@gusesl-g&ﬂso\é\gtﬁ?ﬁ%@#{%’?@%%ﬁ%\}@e %he
coverslips 144 afd.q, tte mphaliqecsesd 40the fine kreeaesparinanesdnight Hase 38H The
at t achnment chanism 140 i.s | eased. and the coverslip . hol.der 124 is raised
to | eave ea(r:T@ c E‘quf’i%'ﬁ 944 |F§f"§ AR %arﬁaé’fb%ﬁngfrg' NEAHOrSEVIRg, o
hangi ng drop hangsH bf &dut 4)@n€eMmeeduct 18 irkfeinentl %&F@in\&ﬁé%ﬂué}aﬁtl@&ﬁdd | ustrat ed
10 in Figure 6G Figure 6H illustrates the coverslip holder 124 noved into

posi tion over t Hereeber Eonipstance thejcrempapialtbpnee inthe lBg{hercer s hol der 124
s positioned sq.gagPssuBRAG plR 21880 vhil ARGl el BEARHEC | 42 10 the
coverslip storage conpbnent 12G. Accordingly, eac supp§rt cu;g 138 is
associ at ed w t h dukieg theing Screanadsoshown ivEigure2és@4h nagazi ne 142. The
coverslip halder 124 s lowered unti | h.support cup. 1 contacts a
coversiip 145 w ¢ ht n RS EERE mRt cref Y 3ol ut Mhe R S e hani sm
140 is engaged ta@alyeddhioldez ® stloét theddiie a€ indek GRRlmtibpexptdthefiehldige to the
associ at ed support cups 138. Fiagu,re 6l |l lustrates the coverslip holder 124
returned to its thekest guEtls porystdikyRecpBe Cboerallizgion saperingst lctrdmagazi ne
| 42 di scussed Wdyfink GRIRE Scrbéh &b&}iﬁéﬁtﬁ@lﬁsﬁa@&hﬁﬁ?ﬁgztaﬁ’aﬁobﬁhﬁ%?ﬁis O ! ed

support cup 138. Thé steps described with respect to Figure 6l result

in a hangi ng dr olf theedrystal$ formediduring diedinewereen 8¢ ob4 sufficientlyhéghopialitn of wel |'s

3 8. These steps are repeated i | o] ing drop is formed in the wells 3

8 of each cyOumﬁmem 15{2’%%%5 15'?&\/\;5 (fr%f)fl glntge ?%en&%eanépﬁrgor{ﬁ‘l g drop is

fornmed in each difffabionwal thsisABied tiystalotd tekoled the plofcele’s érystalstiverupved to t he

next station. The crystallizatjon lilzst%]ﬁo descri bed above can be adapted
B, fet

to form sitting Aifegplivelyyne might yse; AueE used i thgsel el g t he

not her |i quor d%&;ﬁéfﬁﬁaﬁtﬁi@&ér@@gxaﬁlaamqomerygmpn%%@m@@catséléfeﬂne%& For
i nstance, the nother 30 |liquor delivery station 26 is adapted to deliver

mot her | i quor i rdugng e finesereancs vt of asutBgienilyhigh quakity) the mether Bquaadapt ed to
performa s I2t5t | Rn gé Rih&l Jp%)ﬁll%é by taking the mother liquor used in the selected fine

screen experiment as the starting point for an additional fine screen. Figure 2

illustrates a second array of fine screen crystallization experiments labeled FS,.
It is noted that this iterative process of selecting a fine screen experiment and
performing a finer screen array based on a selected experiment can be repeated

30 until a suitable mother liquor is identified for use in preparing crystals.
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WO 00/ 7B445 PCT/ US00/ 15711 m crocrystallization such as the multiwell plate
34 ill'ustrated in Figure 3 C. Specifically, the fluid injectors 88 of the
not her |iqua jyery station 26 nust be aligned with the reqgions 41
before the r?&?ﬁ@%d‘%equor is delivered into the wells 38 of ngmgﬂ?mll
plate 34. This alignnent permts delivery of the 5 nother liquors into the
wel | region 41 of eacHeggictocrystalljzeting methedsagdanpatusescofthsipresent | quor s ont o

the sitting drop: j I i . S ization
system 10 to forl%(’%?ftoﬁ ?“r?g%é?%%@gg s%ﬁll th%Fﬁﬁgéggg{a%%?ﬁé%qﬁgnﬁr%g&#gg mat i on
station 28 to fommregard toi Rigurel2 aiperderfth enalyzep largermsat of o tlsdr fiu@s thak hadin | ncl ude
each of the conponents jlluystrated in Figure SA- SE arranged wi.th the
cane spat i al r el BETGHOPesa Hrah fofihdrin S tspen pan ierafer T aved ot e ©
net hod of opey at fhagink Kesa : ﬁﬂkﬁm&iﬁ&'a@@béﬂ&tﬂrﬁ@@uﬁﬁédﬁed_ illustrated in
Figures 6A-6l. Figures 7A-7Gillustrate a nmethod for operating the drop
formation stati omicp@rysialiizstion wethodyrpd appasausen obthe presast invggiopfor maprbe t i wel |

pl ate 34 adapted %nggc[)%ggrérmh{aﬁ%lzgst&Qg{&{r%qrﬁi@é}iﬁ_crocryst allization, 15

The figures are RFESETS respec 0 Crys zation of a protein,
however, the sane nethigge 8Anllbeates e bpiview of armbldaivell phte Wrwiith mhybg t ypes of

nol ecul es. Figure (A ilJustrates, the dro rmation station 28 in the sane
rest position i |qsagwth%ngﬁocfgiagg‘p@a@mseg?gdﬁerge#gt NYEHER FRES™ 2yl ti wel |

pl ate 34 adapy ednin@ing AFdpRiray thistbérlitMzatioR PASIGANA GE BEAWRIRYIAE 3@ | on noved
into position 20 for sitting drop formation. Accordingly, each well 38 in
the mul tiwel | pliaclads4a suppart iastuge iﬁeieﬁnmsgweaw&@raaafdajegmolwsan@ﬁtti ng drop
region 42. Figur B id: i I ed into
position over th@w&ﬁéﬁh@%&ﬁa&uﬁ%? glgﬁg%$€nmﬁgl%¥l$ﬁ%@p‘?l§{e%ﬁ%.o e pipettes
are primed as dewetsidBethe whltiwellgsige 84 camoinéludpur difféient idimbEr afuwedls BE i | | ust r at es

the pipette holder 1 noyed into pqgsi.tiop.over.a.colugm.of wells 38 in the
mul t!owel?l | plate 34. iﬁ@%g‘g@f‘{"é&ﬁﬁgﬁﬁw‘ifgt@§1 ql]tl??%ﬁgﬁd]ﬂg'étr%‘?i’ﬁ pi pette
tipis aligngd WibiteBRe BABH Well $QinRMdéslan uppé &Féi@éﬁéﬁhin‘é@bbvé’th@ in the

colum as illustrated in Figure 7D. Accordingly, each pipette is associated
with a particul auppest strug@re 3thelhsiupperedgchdf) i preferaby widelepolighdbatadayiet t he 30
tip of each pipe i b1 i MRt het.d i e, Previ ously
delivered into t%%%ﬁ%&?%%g%%{}%%sﬁa%ﬂg ass%@?%lttgg%\%{gpwyg%‘lﬁ\ pgfti on of
the 35 WO 00/ 78fpEt #aitrukdSIOpraferhblly hue b igeomdtiyopddch dllowa apiltivedleplates M each

wel | region 41 associated with a pipette.tip. The actuators then Iift the
pi pette upward t%8 °F ERHY opfiep ioﬂgg?cgﬁetri“B@OTtrOBWﬁQV%T?tg9&“&rgﬂ%orti on of
the aspirat egh Moy {ethe Wefl ¥8fitEntS 6 Lant AR NRBWICh14tE M each pipette. The
expel l ed nother liquors fall back into the associated well regions 41. The
pi pette hol der 122 i FiguiedC ibptatesaton yiew ofiaseultiwel] platei3d whichgagiobeni t h t he
sitting drop reg| i i uﬁ@'sl bddnd : Ll lustrated
in Figure 7E. O%l!lesg&(;}mﬂtgrnt)ﬂregn %?%ngﬁ&;%ﬁfar%t erdfltﬁ’ﬁo%n%lg&gggﬁe%ﬁ ?‘rl(%m each

pi pette onto t hesitisgdopatreymiiredrystajlizitiop Asabustmted,Zhe rsltiavellgdatt 34 one nore

drops of the 10 ,pther |iquor fro articul ar |l region 41 is.delivered
onto the sitti ng‘g‘gf‘%ﬁ af&%ﬁ%gﬁqgm5§6ﬁ%§m§§ﬁgwﬁ@§ %él\%'%.ged'llﬁg qFgpEad ot her
liquor are exyel§ geksonlthoughe multive latkrIapvitedd wells48 igillbséttated thesi red vol une.
of nother liquor has been delivered onto each sitting drop region 42. The
total vol ume of WHEWEH Blsts Ipn inctudg 2 difesent Rambgs PE el 3fs A wall regiamdl; ¢t | y
controll ed. As G SEHaaed il @45 kogion'ds. ArkeaiHihesifing W BEiBRENIs | nventi on
is the ability to deliver small volunes precisely which enables small drop
vol unes to be usilldstratidtah belng cengrallyposittonediwithis itheuell 38othgsstingxdrop ow as 380
pL, volunmes can be delivered wt reat..preci si The precision of the

vol unes deIiveréﬁngﬁéfﬁﬁgﬁggﬁbmggggn?ﬂ%ﬁﬁgﬁﬁﬁ?9§% nl,, nmore preferably

| ess than 2030L, nor EigreiP padvides b sideviewanthd muitiwellgpiale 20ilwedtedinef er abl y

| ess than 10 nL._The precision of the volunes delivered nma alf be between
380pL and 25 nL,FigwedCplbs aifting dronyeging 4 exigwsis upwerd feom the botigm g tgFeferabI y
bet ween 380pL and 15 nL, and nost preferably between 380pL and 10 nL.
Figure 7F illustrates the pipette holder 122 returned to the rest position
25 which was illustrated in Figure 7A. The nolecule delivery pipette 126 is
noved into position over a sitting drop region 42 in a well 3 8 of the
colum. Before being noved into position over the well 38, the nolecul e
delivery pipette 126 was |owered into a particular nol ecule solution well
and a volune of the nol ecule solution aspirated. Once the nol ecul e delivery
pi pette 126 is in 30 position over the sitting drop region 42, drops of the
nol ecul e solution are delivered onto the nother |iquor which was previously
delivered onto the 36




WO 00/ 78445 PCT/ US00/ 15711 coverslip 144. The drops of nolecul e sol ution
are delivered until a desired volune of nolecule solution is achiéved on
the sitting droB reﬁi on 42. The precision of the vol unes dﬁl j‘z_,\éered (S
preferably | WA apout 25 nL, nore preferably |ess thahC®2d5W  hore
preferably less than 15 nL, and nost preferably 5 I ess than 10 nL. The
preci sion of theweBB&mAs ikusirptodbetie putyawaly sthe sitiing drapregios 43 carpincludech 25 nlL,

nore preferably Weal 3 0, n r 380 pL
and 15 nL, and rrgeg% preeear%%flghﬁ)g?\%e%enfo%ﬁ' %@lﬁ\ﬁ%ﬂ%ﬁxﬁﬁl&%ﬁﬁ%ﬁ%& | i quor
drops and the pr a0 extenditiggtoverty sigpodeiraonae 86l The wppyr el d0 is greferablgot h dr ops
are delivered, the drops conmhine to forma_ sitting drop 10 to be studied
for crystal for nﬁ‘t‘qecﬁ’i‘f’“@'gﬂfggayfé"{q’Ieﬁlé'igr'a?dé‘ém’éu_gl? ﬁ%’??ﬁe’&%&aPPB?%d on the
sitting drop Segﬂﬁ'ﬁpg& eﬁ%e@().v‘ﬁ'lelsu}?&rtsﬁflét&re%%éﬂrw hiles SdobdetrPvnithop on the
sitting drop region 42, tThe nol ecul e delivery plpe¥te 126 proceeds to the
sitting drop regaldawssrultivell plates 84 to heestdckgiBoninp pf ong agother withodt @ i s f or ned
in each well 38 of.th | . c el jver ipette 1 t.hen
returns to the pggllltweglrpq%?%é?%pﬁ%%niﬁﬁ’eec uﬁ%eﬁs"(‘)’ atr éﬁ&\/\‘g‘?ﬁcm\%ﬁ?‘é 1W‘\E/\llgs t he
source for the nplae@4le solution used to create the sitting drops. The

nol ecul e solution remaining in the nolecule deliyery pipette 126 is

expel l ed into the nol é‘ﬁ}qt%g“é’@lﬁ‘iaﬂﬁemtfqne ?Y%Facx‘d?‘ﬁ'é‘g?lgﬂaﬁsftaﬁe sitting
drop, the coygr sfijuRSatddih Fgie POSTHd 146 6oveY 84 cante difikiled s theltaVirigstsSi t i ng
drops, new cover slips are |oaded onto the 20 coverSlip holder 124 and the
drop formation somtheoppa@dges 4P ef thewells 3% Anidlusteated ip Higure PharsigsediedScr i bed
above with respect .tao FEi.qur -6l... The ens Cri i r ect to
Figures 7A-7G r et tie plorgllhgnesfl ﬁ’t"'?‘.ﬁ*ﬁ’ghﬁ#’ (l)age ‘”fS’Z’.E’n‘g‘ gﬁn%ré&?ﬁg%ﬁfg#%\ﬁesﬁ&% of a

si ngl e col um of ing&@t 46resB on THeapperetigR 40 af the welie38.€Thelingert 46acahdeigi Nng drop i s
formed in the wells 3 8 of each col ug}g of 25 the my timﬁlpl\t,@lhate 34. Once a
hangi ng drop is T"'H}"l’félﬂef’ﬁ_ S LOYeR fefap 2© Berglant aﬁﬁﬁ fl{the Pteat e 34 can
be noved to jhe pswt 44t Pe iR 48lchhBd Bindd fedi & BleBibte Matdrlal ststhe aisért 46 met hod
for operating the drop formation station to formsitting drops and hangi ng

drops, the hangi PrgVideopsest batvesn trdniegH6)apd the appegdess 46rhthe welly38 1 | i zat i on

t echni ques, othe I el t i

geonet i es, 37 URfes o7 AEORRANIER FE ! PSR for BB e
descri bed i n reg#é thclude,Bupare est livited @, ivefy rubpérs embéther gasket materigine or nore
sensors whi ch can det ect, whet heli?' not.her Iia or..d op, and/ or Iecgl e drops
nave been formed. An ASUFEER FEE T dis m A EHL B o3P e RRuGote © i e
many plate tp@ackss Admadish the suppR slruckss 86DTheafulGABll PRteBAGHn Wisb thclle above
stations 12, Figures 8A-8C illustrate a preferred enbodi nent of a plate
track 14 for trahspHee Fhejzedip roeqike p biycadedicker. Hematyely. dantnde saskeat i ons
12. Figures 8A I 48 WP MmO blate V& b itlhad 4 shrBRE kg down the

| ongi t udi nal ax?@g%l?ﬁ?[ﬂ%ﬁs e‘fte track %A? The plcate tracli 14 i'ncl udes two
spaced 10 apart mpreivea bargpds sticker 58 hepthsimnltigell plate SAds platsweavet 44r om a pin
carriage 162 positiqned neat h _t.he ate.1r. 4. Th arri.age incl udes
mechani cs whi ch & hg%sea sélf:bt?%ea? rergcet“(’)m%%)aerncad% %%ﬁ%i tr%;’e R%r(f Og%%{?[emtlﬁe pl ate track
14 as il ustpst egreferably @oeablerarn tHeauliiwéltiplat 34 ke differend 64 cbddsewn bdhe pl at e
track 14 as illustrated in Fi gurg 8B. 15 Fi,ﬂur » SCi.s a |lateral sideview of
a plate track 14msgddoesinglegptwelbplatrgfyAjaihbedisqussed latery thege bapeadesie) |

plates 34 present,,4 ukdiftoRdedlify the AGKiwi pla dnBAPHRRbAteRs S| v i ncludes a

first pin carriage 162A, a second pin carriage 162B and a third pin
carriage 162C. Emughiwsi! plate3ftonhesptemggeitol A, 162B, 162C is configured to
move al ong the | ongi tydi naj, axi e . 14 i4lustrated by
t he arrows | abel ed A,IH%'“ 5#84 ghﬁ'ﬁﬁe}aft%érng‘%ﬁg{@ka%ftﬂ% a\gaﬁgl# éaq%P g?%’éétlé? r ows

i ndi cat e t he30 angethef liquot dadiveyfsyeam B1 filustrared iniFigyee 1L6Piured 6RBnd 4B2C. The

first pin carriage 162A and the thir in carriage ., 162C inclyde a plurality
of pins 160. Thel%ﬂf'tf?ée aplate lopding SiFup g%g?ff’%@“ma y?"éf‘ﬁ“ﬁ&@’é“ ‘giz‘ﬂ?te g‘ZC with an
approxi mately constant displacenment between adj acent pins 160. The 25 pin
carriage 162A, 162C serves to maintain the displacenent between the pins
160 during novenment of the pin carriageyd62A, 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 enbodinent, a portion of the pins 160 in 30 a single
pin carriage 162 can be extended while another portion of the pins 160
within the same pin carriage 162 are wi thdrawn. 38 WO 00/ 78445

PCT/ US00115711 An air gap 166 is fornmed between the pin carriages 162A,
162B, 162C and each of the multiwell plates 34 positioned on the plate
track 14 so the pin carriages 162A, 162B, 162C do not contact the bottom

S P r— A NN




WO 001 78445 PCT/ US00/ 15711 the plate track 14 and the second pin carriage

162B i's noved to the left of the nultiwell plate T,. The pins 160 in the

second pin carri 162B are then extended above the plat 4 and the

second pin &9?0(73843 162B noved to the right until the nul teﬁ'%'?ﬁ%lé/b%é{e T, is

| ocated at position P3. The El urality of pin car nages 162 illustrated in

Fi gure 8C al | owsontp #rplatejtiaek 4. pFigure 434s asideview of the plate loadingstgiond8ssed

t hrough the cry J j i t t mul tiwel |
%a&hésécgsdgstq%rpg%eg 60 nb BERRCASR A dv Y RRRIIEL

pl ate 34 being proce e cry zat1on syste For
i nstance, a fi r dbading statival 118 lpdkatgaiodvh thalongiandadl aicefdhd platentdack 10 The whil e a
second multiwell plate 34 rempins in place at P3. 10 resuljt, when P,,
PZ and P3 are eaﬁl,ﬁe g’?@’é‘éis ! %“Plﬂd%fiaft?@?resr%tpoﬁla‘ﬁd&‘fgéﬁ?S]afﬁﬂaf’i‘\}\%F‘P pl at es
34 can be pracespeplatehfatlk N eédds 8atd Féra tHedase ditherbwal I ergRdwérahes.
Further, different pin carnages 162 which nmake up a transport assenbly can
be incl uded wi t Hin¢lndpspehure 3¢ sigedtoaensivigaistak af multivvel pistes 34 apergeone t o f orm
the system Forégnqgé]gﬂ&%me;.he first pin can~i age 162A and the second pin

c

carriage 15 162 e 1ncluded in a nother |iquor deliver systemand the
third pin carnage 162Gepkue lbadingstatiofidd alsp inchieoplafe ddwaaingdiechyfidsqAvt32.

Crystal formation can he detected exam ni n ach drop for the formation
of crystals. InS °Y5P%e‘f’§f’tf‘éﬂ?@ﬁﬂ%f’%ﬂ?‘?’er&’?‘é‘flgﬁz pl&f'eeﬂcféﬂ’é@f’gefné’ﬁﬂ‘egr aded in
the various el Isgack 8htoGhe/SihiRra€lUR, iThE actidhl oF gFRMy BRVEONRWRIMAl Y1 by 20

an automated device. Diversified Scientific, Inc. of Birm ngham Al abanma
manuf act ur es CRYSTrioSmarsifion ofith atultivig} plete §4 bayverasl cata therplate trdele 14cor i ng of

crystal formatiof. i . to perfornmed
crystallization Ficﬁ%ﬁgﬂ&i@%&@%ﬁ%}é%} Egﬁ%@%ﬁfg}&%&g@ﬁ%@g@ﬁ% or their
ability to crystthd plazeraaspdhi agsembBi to trafispbn tlermedtiwell hlate3d towerkd bmathieon tri al s

frequently include a coarse_.screen foll owed by one or_ nore fine screens.
Whi l e the not herpq?tfﬁﬁ%r Qu frgmupder thptowen? as iltusirated inRigwe A4, Qi’é?f)g‘ﬁdent on

the results gf tHQLHFORPBR UEER) thiPor®t G bérdeathahStoWsLsh, pRte t he coarse
screen can be standard for each crystallization trial. Wen the nother

| i quors are usedoveringpeshanics cap berengpged so g npy apdiwelplae 3¢ gtthee screen

pref erably consi . - j Ly 4Tahl nunber of
ot her i quors RSP IgEy et 33 PR EEAR e Al ltadch el HbAul me Hife " 00
WD 00/ 78445 PCT/1biaMy stioh 1 8 Threhald sqyersl mirktivel fplatds 84 and segnentiatiyi positionnc| uded

each of these sub-screeng is listed in Fi 9. ther |i.quors having the
| i sted conposi tie@ﬂbmﬁlé’h”eﬁQi%ﬂo{‘{a‘?“ﬁgﬂplﬁ{gW&g‘{r&eﬂo%é’@ﬁ?rc#‘g?y B¥fiha Ni guel ,
California. ofs i31lcds bfodtss thahp mlifiihed platesBatviiitdht £f opd@tdr MRhbALy | i quors are
associated 5 with the sub-screens of the preferred coarse screen. Since 480
not her |iquors dwcsitipyag easbanultiwelhplate 34 p8 theqdqtewarkddd si nce each plate
preferably includes . rf.onmed by
processing only 10 p@%gs%{eltlﬁ?déﬁtéﬁat{éﬁgg2&%@%@@%?& ?ﬁ%{eg‘}b-scr eens
general | y i ncl udmld2dingstaién byoepeeating ihgpdatslowénopmeihagicyin reeede. ghist e can

i ncl ude f to t b- . TABLE 1 nb th
ouor o yorar " Sei B iRaBieRg SeioudPudh B Prbe RIS S RR: b5
MPD24G i d sadi Urthisdd fedrh €RILE irabk AEGHO N4 2DthEstack Hitalliwéllplas 34

chl ori de24Sodi um pot assi um phosphat e24PEG i on screen48Menbrane protein
scr een48Det er gerftoret WERHA thexhy's Shet er gent screen | 124Det ergent screen

I1124Cryo scr ee“48LOWigu?é‘Jf@ilf%E&aQ&?a"HaPcon%rré‘a‘a;}%ﬂsmﬁgn 5GCA v cddb feallHs3e"

| i quors used for the coarse screen can be stored 1n one or nore of the

mot her | i quor stinpesifeonbhalksgsidedheeniate tracknld. Aibabarrcodé reader 56 \WOlikOled 8445
PCTNS00/ 15711 t her, | iquors ich may be needed.for differe fine screens
s large anough Y Atrple e o Bt LRSS e (g rEReap

Accor di ngl y,30t haeglyShae Bodealis oalastultivell plee 38 of tifd plare tridki 1ah Asalesdibkdie fine
screen nother liquors from stock solutions and ﬁhen delivers, theminto the
vel |'s of a pl at éboys thesahar podsr gan fomaedpn the mpltiwvell plate 340 can bg pgidedn pe used
to create the fine screen nother liquors fromstock solutions and to
deliver these nother liquors into the wells of one or nore

21




pl ates. These plates can then be processed through the system Wen an
external systemis used to formand deliver fine screen nother |iquors, the
system control logic needs to override the nother |iquor delivery 10
station in ov@erss4 avoi d doubling up on the delivery of nRETAROAS7Huor into
the wells of a plate. As a result, the systemcontrol |ogic nust be

i nformed when a dl Sbae codei stibked kd aslacet an thewiuMewell plardo34.i Theitar édd8 system An
operator can use a user interface to informthe systemcontrol |ogic which

one of the pl at g82dsf P@isdyonigred by theeystem Gorirad logdg Whigh asgogigtesrashbaryel | s.

Al ternatively, : : ' [ ¢ ndi cat es
that nother i qﬁ‘%g g@;g&gtpg{nf gg?;agﬁg]slgirai‘t&t ?nda%g%??@@%ﬂ%ga\éﬁgﬁg?f Exanpl e
1 20 The syst emaiweltinel plitealsio\Baitelle chasasteristies anghider lait ateynoblimitgdstozthere

crystallization experi wher e ) cryst iz jon not her

li quor COFYDOSSiO t i%’ﬁﬁ’lern ﬁ%‘fs% "1@5mw%e?ﬁ%ﬁﬁﬁog%ﬂ%%&hﬁﬁgéﬁ chl ori de
at a pH of 4.6. nlileweidplateesdpihéthe thangtivell plarB4finuligee a Platd dowerdrapgcf or mat i on
station was different for each experinent. Figures 10A-10D respectively 25

3 Fi
illustrate crystal fJPH@’&W?WWHMW@‘W%’SPI?}FgﬁW,a@%S?ﬂPyelzpo nL and
1000 nL. The cr yqfeaddSn WiieftofindiBRintamhatich &%Euﬁémh en?,iia«.'&_’smw n drop size.
As a result, the systemcan be used wth submcroliter hanging drop
vol unes. Exanpl eygeBEortevl loghD Koo infiuieks a IET bSCdtet St dctéFisticsssysh &m descri bed

above was used i.n crystallization trial ere t.he mot her |iquor for
crystal tizing 1 yeeheh Sl ol B SN o 08 PR Bl pels i onay
f:ryst al | ijzati on ngxﬁwéli plari3g. wenlgerdeif Qfelfmd ufdaiaﬂ@xﬁﬁﬁhm?&m% hedei®@ not her
iquors disclosed jn Figure 9. The.re ts. fromeach of the 480 5
experinents wer én%%‘ﬁﬁ‘_éﬂ‘ a"{t%t?l_ﬁ%ﬂ%?l%?‘ﬁﬁ? mPB‘“ieﬁé’}ﬂ‘q 4 thsprgergan Hdicate
crystal lization ygxpeht SabinScont8l 58I BEsMsd AakiSudthbtherdiRBidiRRta1d&R! T abl e
characteristics. One of the identified coarse screen experinents was
associ at ed wi t h paesenstimthe wells 3% of the muliiveel] piete 35 dhenpsierpspntrol logic can
2- met hyl - 2, 4—-pent anadi ; L.um a . mM.cal ci.um.chl ori de,
2t oH a6 15 G RRE ninke e oTNVES ARG Erci BRI Pt <
was then perf or madher Tigeids enthowtlls IBrofdie hiddéwalbplaer34l | quors associated with

Canpont ¢ on of e mheher Ao P Sl e SR R rcogr oo
screen experi MeRysient BE HOIBP FrinbGStSsydtbmiznand/dr (RJuBE thelchBtNAi&E! ected for

the crystallization 15 experinents of the fine screen are listed in Figure
11. The concent satism A thy charcterstics evasiaadwith themudbwell plpte3dean4 not her

| i quors mat ched [ [ identified
coarse scr egﬁ eg}gﬁﬁaﬁgﬁ‘?%ﬁ%@& nglteg sééerl,;"ét é)?%gtgﬁg?mlte?taﬁgfrl&gglgoci ated with
the identified chaghg setusaftheamyitweliplate 3dnHot dxemplef the systangjcomtrsl ogic each of
the fine screen crystallization experinents, were 20 al.l out. 30% MPD and
100 M sodt um a6eh Kate hen 0w R bredts SE Rl drad b oriscs he 24

mot her |iquors were Yo DMuStated alsadpg nwdivestava @2 ass edlibd@edamcent rat i on

of these same conponents in the identified coarse screen experinent. For

i nstance, the cégg@fhﬁﬁﬂué‘ﬁ agvealingmsnher 6Gysuspended Ques theplairack 1figka i dent i fi ed
coarse scre e ' VA1 far i e 24

not her i qu?)rIa S. )ﬁ%@?ﬁ ‘PE?II @%ﬁgtﬁgﬁglﬁaﬂéﬁ%‘% t(lg)gé ltljﬁ‘é%%g%@? %g@éc%g}?é% screen
crystallizati on66xhe seatimg mermber Bl snchules @stalingswrfacel62 witlba pluratity dfe 24 not her

| i quors. Each of t.he 24. fine Scraen cr stalchi zziLti Qn .ex .eri{nsnt wer e
conmpared to one S$8E FEP L MICHERS FapETe S RESFaRe ME UM LEEIT PR on
experinents yi elghdagrentlyenlighed it a Gels BS ldlach MUK bR B IThe sedidg WO

00/ 78445 PCTNSO00/ 15711 The foregqi ng exanpl es and description, of preferred
enbodi ments of FHEYHRISERES ¢4areindivaruls conuryucaer With 2 stalias BB es of

i 'l ustrati ongandagesed. | Adcbthgly! B Seafili@RliamM AR e BEIRERA HOfh BERAGRENT S,
however, are not intended to be exhaustive or to limt the invention to the
precise fornms 5 disclosed. Qobviously, many nodifications and vari ations

will be apparent to practitioners skilled in this art. The enbodi nents were
chosen and described in order to best explain the principles of the
invention and its practical applicati O&'z t hereby enabling others skilled in
the art to understand the invention for“various enbodi mrents and with
various nodifications as are suited to the particul ar use




10 contenplated. It is intended that the scope of the invention be defined

by the following clains and their equivalents. 15 20 25 30 44 WO 00l 78445
What is clainmed is: 5 PCT/US00/15711 1. A nethod for perform ng array

m crocryst aWQ 9048#45ns to determine suitable crystallizati REEOWAITMbns for

a nol ecul e, the nmethod conprising: formng an array of

m crocrystal | i Zahédaith so@eCh6 oty paetionsif #ld seallgi sGiface B2l aSdnd & the sealiflg Op
conprising a nother |iquor solution whose conposition varies within the
array and a nol geediwumingeqrs6t-ystal | i zed, the drop having a vol une of |ess

than 1 ~L; storing t%eééaﬁiﬁglnﬁﬁlb@ééfbréaﬁwé&ﬂégk@mcaﬂ&rmﬂﬂov&ggg tions

suitable for nolecule crystals to formin rops 1n the ar ; and 15
det ecti ng nol ecusedingmysnter 60 telatit tathe ivalls Jfeoros mpkiiwell platddt. ridelsealingc cor di ng

toclaim1l erein the nolecule.is a mcronmol ecule. 20 3.. The t hod

accor di ng t\c,)\,%cl APSPROET R S31LhE meved vﬁ%‘f’%@?ﬂ"@?@“ﬁ“‘ﬁhcﬂa&? %’ aszil.lusf"ﬁ?gﬁrgt hod
according to cl ahéardowdiabebidn.t T SEEMaH@hiRE 80 arids bR tRRkISed iadraliei ght of at
| east 500 daltons. 25 5. The nmethod according to claim1 wherein the drop

has a vol une of rPletive toanhitinellplatesd apillusteatediycthearopsdabededd? dPvitpbleo clai m 1

wherein the dro WO

001 78445 PCT/ US%(S?’?@%%’M%@%?%%?ﬁg‘gteggbgg? mSEF gg’gf’% %ﬁa@%ﬁ%‘éﬁ n the drop
has a vol une of adndskctribaly dibveumoREd nL. 8. The nethod according to claim1
wherein the drop has.a volume_qf 5 between out,,1.nL - 750 nL. 9. The

met hod accor@i ng to & %eﬁtTn\%g?éfﬂmgﬂgs% gf?gézéh%]laﬁr{ﬁa“fﬁo"bet ween about
1 nL - 500 nL. ZXigsekibly tHiasporataiaeltinclC pladi3agntb @ ppbifbiwlervhiRiaill 38 e drop has
a volune of between about 1 nl, - 250 nL. 11. The nethod according to claim
1 wherein the wdhs multiveflpite $4a¢ pesigned pagath shrseplinagredingp indgctars ftior

sol ution. 15 12-Th§%&1ﬁ§hﬂ%ef"@(?@m&é?&i Uil &F@éiﬁhés&%& Gizl_ﬁ ih B&neie Wi 1 ncl ude

| ess than about 2 ~L"of nother |1 quor solutio e nethod according
to cl ai m 1 wher ehawppacedge k() sf tha@lellsi38 erothh enultiell plajeid4. Bedauseitberwellmavi ng at

| east 4 co neng,s ich.are varied within the array. .14.. The t hod
accor di ng F@gcl giltgrﬂf evmlg}'“évlelﬁp‘taﬁé’ A5 e\}ﬁgn?dn‘g'lﬁh SS?P%IPﬁé‘red’lth‘ﬂEf’togsor@uti ons
havi ng at | east Hefor®iHpdo@ndsrd wutioh ofthe sealing B@mbert 60| the upper @dged0 of25 15. The

met hod according to claim 1l wherejn the array includes greater than 96
mi crocrystal | i z&estowel 38 encirglaza sratingomediim dNetofgOnes> Elearaing sSWiase &2 t he

array includes gpgagh wit i ubBer A& U RIS 38 ahé Qfing RBn8& 60 is

laterally translated. The lateral translation causes the sealing member 60 to

20  follow a circular path along an edge of the well 38, although other paths may
also be used depending on the geometry of the wells 38. This lateral translation
transfers the sealing medium delivered to the sealing surface 62 to the upper
edge 40 of each well 38.

The amount of sealing medium transferred to the upper edge 40 of each

25  well 38 depends on the amount of sealing medium present on the sealing surface
62 adjacent to the sealing medium injectors 64. The amount of sealing medium
delivered to the upper edges 40 of the wells 38 should be sufficient to create a
substantially airtight seal between a coverslip and the upper edge 40 of the well
38. Suitable sealing mediums include, but are not limited to, grease and

30 vasaline.
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WO 00/ 78445 PCTNSO00/ 15711 17. The nethod according to claim 1l wherein
formng the array of mcrocrystallizations includes using greater than 48
stock solutions to formthe nother |iquor solutions used in the array. 5
18. The met hwd @o8™sding to claim 1l wherein form ng the ar PEY/USHN/15711

m crocrystal lizations includes using greater than 96 stock solutions to
formthe nother |iquop isStddtih @pardts @t sedling R@dAid @xtionD2 - that AR SRR ALy ,
according to claim1 wherein formng the array of 10 microcrystallizations

i ncl udes usi ng gbetsadily adapigd foy msewis hanging Grapcrey coystebizatiang es well iser | i quor
sol utions used iQ,. ; aeth j [ wher ein
formng the arra&ltggﬁtﬁ@grg%%%?ﬁsﬁﬁ%'%hgrg{eg%ﬁg%gdgﬂgygk%fﬁ}ﬁgtaﬁ% dr ops

wi thin a vol une tcsgkization| asairtipht sehiahowdd beiforiBé&d brtweedthe ddges ofat wadkdB8accor di ng
to claim1 wherein form th rray. of mcrocrystallizations includes
forming the. a5 op& PRIEox R dheguerie HeBer FhEh issliset S9B Brvelbo 22,
The net hod accorggng to claim1l wherein formng the array of

m crocrystallizations_includes formng the drops within a volunme range of

| ess than about 15 nLFigurzdEjisa sidevigy Prfgftplﬁeﬁo‘ﬁéf“f sevalgtation 3¢ positioned
mcrocrystall'i Za&d'?{%ﬁg&ﬁmﬁ%&( 4. r‘l%e?;wtet@o%&4créﬁé§$ai‘kt'aﬁ{rﬁi4 RAu§Qdi tions for
a nol ecule, the et ho conprising: formng an array o

m crocryst al | i zatdroage, 68canfiguredto avrvy séréibdliyza illusmatedbypthe sirong labeladdgi ng dr op
conprising a_potheyr |iquor.solutjon whose sition.varies within the
array and a ol eﬁﬁlétefagyl%‘l@%‘fdaqqu‘%ww Pﬁ%g‘ﬁﬁoé PR Of NPy o) une of
less” than 1 p.L; fiflihgs 70N QOpTaiAdE RETMNSAR/68 27 d dreSi BRdun@nit he array of

m crocrystal lizati ons under conditions suitable for nolecule crystals to
formin the dr opsonupunipasion witha relggsable sacuamispgrcerpPri@ble ¥auupsiiting f or mati on in
the drops. 24. A £0orm : 1 i I to
det er m ne sui taangﬁ I‘;‘?{}"g% iar?F]?@g{uliegﬁwﬁgﬁﬁlg%ss@%%%%ﬁg}?agéllﬁl déi,%l'fl ﬁgﬁ nmet hod
conpri si ng: forn:mguam parti@pnafnatic cmuownicatiah with atvaows) sogeeh

m crocrystal |} zation conprisin itting drop ¢ risin ther Iiquor
sol ution V\/noi conpo %Pp\??tlgb‘ghafPlﬁ'ieﬁgYeﬁée"gorvfl&gBQH?égﬁ&a cule to be
crystal lized, thgafdp&Paskénblaioves AmyikwelrBlagf 34 ie®pokifiamnekt fb the plateor i ng t he
array of mcrocrystallizations under conditions suitable for nolecule

crystals to fornfaver emevalstaian 24 ¥ e mltiwgll platad4 dat apletesgvandfdbul e crystal
formation in t hecagﬁ 58 isrl'rgo%'latéaﬁFBHHQaJthf ﬂQ‘?\fa&Rﬁx{Tﬁﬁ‘iﬂgé‘fd &y 8ositi ned

mcrocrystallizations to determne suitable crystallization conditions for
a nol ecul e, the owrthedndtwglt plgiedd: Thoeamiagg 68 isflowered antilay leasdt a portion of

m crocrystal Ljzations h ng.crocr | .5 Zat 1,90 ISl N rop

conpri sing a& t%‘ r a‘fulmdlﬁtgtfm sg’lou e?%’ﬁxﬁt/%%?lé&é% l%%f%‘%ggﬁ'vikrml ‘gdgalvﬁq thin the
array and a raol eutde@s Adbivired v orddr ad immshilizettifecplate ogveh a4 telegiva tafie vol une  of

|l ess than 1 pL; storing the first array of mcrocrystallizations, under
condi tions suit atAAESEP- F’FE‘F eTiRes 63@‘2‘?%13_%%‘? E?_‘*S(?Fﬂ‘%ﬁhef@é ﬁ&%ffé“‘iah t he
array; detecti NgmgRb LS hEcdrliags 6RHifth e Phitd QVerl 43 3 HMABSwell plate 34.

The carriage 68 is then moved laterally until the carriage 68 is positioned over a

25  plate cover storage component 72. The carriage 68 is lowered into the plate
cover storage component 72 and the vacuum source disengaged in order to drop
the plate cover 44 into the plate cover storage component 72. Finally, the
carriage 68 is then returned to its original position.

The plate cover removal station 24 can be adapted to a plate cover
30  delivery 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

24



formng a second array of mcrocrystallizations, each 25

m crocrystallization conprising a drop conprising a nolecule to be
crystallize not her |iquor sol ution whose conpositi Wit hin
the array aﬁv {ﬂ% %sed on one or nore not her | i quor sol ut %ﬁ%@’i%q n the
first array in which nolecule cr?/?stals wer e detected; storing the second
array of m crocripyerataragesomperent danrd temalacadsns multivell plats 34. fWkenrol ecul e

Formation in tnarrakaRon bR, I0yk Rl bk er P AL S BuRBeg, T2
accordi ng to cl aiowerdislivdre steiion 2, the plae e vharddiusgl witlothe pli. coveraetetdiod
according to claim wherein dro

according to cl aie 2?4\%?3[?‘3 S §‘$‘8§WBH£‘?‘H%W§“§&%V&FF§‘&PF% tthd

vol une of |ess thiascdvep ddliverStation 2eppar atus for form ng subm cr oI iter drops
in an array 10 mcrocrystallization to determ ne suitable crystallization

conditions for a nol &&RHeF iskeompipEIohs tothes Hgnar deligry satipn@6fidieran which a
multiwell plate t i i | e of

renovi ng not her Hf‘;éta%gﬁuérlgE?gjepmégﬁ%t%#\ﬁg?&?hg{&%ﬁ 3 ?%m“g?‘paﬁ ate and
del i vering subnilguot ddigerystatiom2Ginofuddss phxm}mrrof tiélqmqrshhtbleml%pEzrchgl ons on t he

| t 'l plat th th 5 nL;
mol ccul e i op. StSTBALAsBINER R 6B AT ek e o o

sol ution confeai mmadeawsi?lbﬁceué 6 4 chilsd Wit Bibéi a%ﬁﬁltotrﬂgd {0Q1i6K MP dE1IRHONS
wi thin a vol une range | ess than about 25 nL. 20 30. The apparatus

according to cl &1W2§6W@Mdﬂ¢®omlﬂé’ﬁ tq the plate Wbpﬂ a3 Blupteatedahyche he

nol ecul e drop st e I JLer vol unes
Wthin a vol ams Temdies oRbpEIRAR sEufbns B hoils AR RTLALEL Y 71 ¢
according to cl a;mmuﬁ&lwﬁmorfs;hydtatmhcpmtoheandelmmmduomp station and the

nol ecul e drop station,are, each. bl e of . del.ive u mcroll er vol unes
within a vol une rangfi‘L ?@E?V{d%%g?gﬁbmoﬁ%fhﬁery E'Fﬁe W& OEs accor di ng
to clai m29 wherigmbnstd2exithl iesughitiddlivels BRcRO6 STEélluﬁiBnﬁsmaré arideel ecul e drop
station each include apol ezoel ectric valve or a solenoid valve. 49 wo

ooi ~saas PCTI UsCuiordirstrdeBery proup Bhanda sesordglelivesy giomp 3eupiuid eactasr hangi ng
drops on cover I rm ne

Sui {abl o oryst all SapHER Gkl U B KAEUITBORTORE! flCobf ek finkes £54°
conprising: a plidbsratedhioFigwuleidth Theturhéris 82 lin eq@hdels/er)sgrpuxsstt,i%mbl e; a cover
slip station on whic | ur.al i cove osi.ti onabl e: a not her

| i quor drop st aﬁ“&ﬂgega?ﬁé@q ‘ge'i%?ry&%’ﬁg% ﬁ‘be mJIef 85%8? P05 SOnCUBFRIPA ity of
wel I's of theomul gkl withd differeaindlellss ¢ﬂaeﬁmm@e1$pllam3ar Qctéraingypthges of not her

i quor to the pl uralltfﬁ of coverslips within a volune range of Iess t han 10
about 25 nL; anduEbshefdemens 8&%5%&@5‘@%%@6%%@@ lscﬂfe@'é‘ﬂy\ﬁél}‘? g the

subm croliter vgf uﬂﬁ?oﬁell@ 388 ﬂ’l& hf?lﬁwﬁ‘éﬂr};lﬁé B4 nﬂ)r%&gﬂt:@ Giflef tHeQnillBwell

crystallized to t l'urality of coverslips within a volune range of |ess
t han about 25 anlat&5"43mlufEhdé wighls 38 adadls deliveryranoupc4t 86 preferably3idclnfesrd8i n t he
not her |iquor dr g‘ﬁfSt’% ion and the nolecule drop station are each capabl e
of delivering s titer volumes within a volunme range of |ess than
about 20 nL.25 Each fluid injector 88 is in fluid communication with a mother liquor

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

30 84 and five second delivery groups 86 which each include 48 fluid injectors 88.

25



35. The apparatus according to claim 33 wherein the nother |iquor drop 20
station and the nol ecule drop station are each capable of delivering -
submi croliter volumes within a volume range of Iess than about 15 nL. 36.
The appar at OA¥B45di ng to cl ai m 33 wherein the mother |i oUfFUVYPAH ISt ation
and the nol ecule drop station are each capable of delivering 25
submcroliter volAlacmémgly 480 dtﬂherﬂlqﬁmbmcme shuipsl wttenaadh’ fived inpettor The

appar at us accor dj_n | ai m 33 wher.ein,. he not he | quor drop station and
the nol ecul e dr o’%? gt’bﬁ‘t‘éﬁ”ﬁ?’@“‘&%ﬂ?ﬂ“@ °‘8F“°d‘éf|' ‘G‘é‘?r AYcSubm croliter

volunmes to at |east eiglhé 4Cio¥uideview st finothet lidi®r sodtte2tdrage\BEIION o844S
PCT/ USO0/ 15711 38. An lgpparat us for formng submcroliter drops in an array

mi crocrystal | i zaholding differsat wptheriisuaysopeept 2. chhpdpak 90 ingludessowtsedi ti ons for a
mol ecul'e, th a%@dcﬁé‘fnﬁﬂg&?{ 1h?i'v£‘9011érﬁn§3elxﬁtf&9rrmv9“aa‘€4? (thceq?dqa’grb hpgl! plate

i s positionable I quor op station ca a removi ng not her
liquor froma plhcrlcah piyaliof ofimedthes hqﬁortshmcesnmtandvetld bersﬂlduzeamlmht deéthe veri ng

submicroliter vo of t her uor to t|n dro ns,.on the
11wl pi at o KD i BOGG ot resshgl oot Bon S ta e bese A B o
nol ecul e drop Stsfi‘ﬁgl@é’bu%%me@@fwﬂﬁdaﬂﬁhhﬁﬂveﬁkbm mcalsusweum wpgs of a 10
sol ution containing a molecule to be crystallized to the S|tt|ng dr op

regi ons W thin aoyse bﬁléefr%ig@fefébl)’lhé@é 12 fidfereabmgthenlinuer sougms 9The appar at us
accor ding t ol 34 fRfna1 QA& ddyuifooRi a8 ol Aludl s A3 o3 WAtk ARdadnn®
capa eri

nol ecul e drop station are eac ng 1 mcro Iter
vol umes wi t hi n aeiofluideomangeatidn Widss difforent Slid ijecR 8ﬂIanluﬂad infthe smppar at us

according to clajm3 8 wh t he the l.i quo station dthe
ol cul 6 dr op. scCEYiEN PR Shaieh Ashiatitecheh ol SEpPlERidishia e BEm Vol unes
within a vol une yeaBariat wlmlﬁglmma@tgtou;mm Rhothtr liqude s@pgbaak US
according to claim 38 wherein the nother |iquor drop station and the

nol ecul e drop st%¥denhke inchidediermeash pidepidhe platgdrark, I4- | Hhy methenligren sowses vol unes
within a vol e &y of?Jd clneb%ﬁ sﬂi@@ﬂh@?ﬁt&ttralplm:an Kedn flgl‘d cAmﬂﬁfrﬂggoJ or formng

submi croliter dro or use In an arfay mcrocrystallization to determ ne
sui tabl e cryst aIWutlzthb ddwet}ogrd-ilnsi%nﬂﬁ lfe@nestethamildeofﬂﬂletratlhehilmhhmdﬂmorrpri si ng:
deIiveringtoa luralit |ons Wt v n of | ess
than about 25 nL! ﬁrosrﬁuﬁcf%???oestl %‘tos%t“rh} f@l g’dﬂrac g ;lglgbns "whose 30
conposi tions Varmu&\bdlﬂhﬁnédﬂﬁn&ﬁmabﬁdeﬂﬂdygﬁmps 34D860h ﬁﬁ%ﬁodﬁ@'ﬁd&ﬁﬁ@ﬁdS?ll
delivering to the pI urality of drop regions submcroliter volunes of a

sol uti on cont ai il ae trackddt ecul e to be crystallized within a vol unme range of

| ess than abgut 25 Nlpuifpep&hiboe tidllinet HalbFiciers RisHITIERk t er Vol unes
delivered to each 5 drop region 1s |ess
transport assembly moves a multiwell plate 34 beneath a particular one of the

delivery blocks 76. The block actuators 80 can then move the delivery blocks
76 so the injectors in a particular delivery group 84, 86 are aligned with the
wells 38 in the multiwell plate 34. The particular delivery block 76 and the

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

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

delivered into each of the wells 38.
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43. The method according to claim42 wherein the submicroliter vol unes
delivered to each drop region is |less than about 750 nL. 10 44. The net hod
according t A2 wherein the submcroliter volunmes de each
drop regi ono‘ivs ?Jless t han about 500 nL. 45. The net hod acco%g?{/ﬁggﬁgg%gl aim4z2
wherein the submcroliter volunes delivered to each dr&ﬁ region is less

t han about 250 nL. 1%Fig@e 4illastratestonriageand faydeliyeringanethadionpefrann t he
submicroliter v ut 1 nL -
750 L. 47, The. RUFESHAELLNREERn bt FREN SELABRUAAA Dt s BRI BEP o7

vol unes 20 del i vinjeethr BR. mdierliqupﬂbwgfrom a rsoth@tliyeersoale® 02 tolthefluid 500 nL.

el i vered 1o eactbaiobEe Hepebit Tl st dpotie Bid st B g s 497 The:

net hod accor & ngcd:nﬂnﬁﬂl@dtlml év?m\m? #elV8tpasitiSnbaPetveh tHe Shothe? & Sostel | vered to
each drop region is within a volume range of |ess than about 20 nL. 50. The
met hod accor di ng92@ddh'aﬂlnﬂmeqm&seﬂheVﬁémgmrﬁhm}irmmIQﬂcﬂaurbes delivered to
Sach, P, 9! kel BrBrokl IR cEAAR ARuLETE DAY BROMRR AL 305
00l 78445 PCT/ USO@/ﬂﬁZ)ihibhbafloaﬁepdsmoaéﬂ araxaypmsmeeﬁmysyxaiglelwamm to

determ ne suitable cr I ion.co dltionsfo nol ecul e, the nethod
conpri si ng: takl??(j""%i“%ﬁ‘%‘r%&f éSB‘PS"&W Pgﬁ?ﬁ‘gputﬁﬁfﬁﬁgmﬁyﬁ?ﬁeﬂ 2 F-P?]uor froma
plurality ofjyel fis: ShctPbarWdd dddahd sepbrdf BachTafl 006 HEEJUPRd SHINY BEIRE bieT Vol unes
of the nother liquor to the plurality of coverslips wthin a volunme range
of | ess than abolk0. dsFigure dy cﬁ@kﬂ\k@fiHbO%%mﬁacﬂfé‘mOﬁléPﬂWmeﬁhﬂsﬁréﬁ a

sol ution cont a| r of
coverslips wthi 19%1 @Bm%%’%&e@%@@s‘%ﬁ%‘@#%@% 9%@9& Spdellbgg]\/\htg?ei n a
total vol une of thaeyringkmhie theiougput sidd efitbssydete L8rretainouredstmotsv dhsl i p i s

|l ess than 1 pL. 52. hod for form submcroliter sit ops for
use in an array szlﬁ’ﬁ?:rrﬁbtc&? P‘i%ﬁ?%ﬁﬁ%@gﬁ’a&‘f’wﬁfﬁ %ﬁf?“gtﬂl E’aagk‘%d% |ization
conditions foy ahalPidthédmeIfid chiditBtsAAhnGRIRIL i s1d6 of thekjrite a0 whiié wel |
plate conprising a plurality of regions, each region_ inc u ing a sitting

drop regi on and the aatput s&srﬁéﬁhessmggeawﬁmmﬁs qnoamﬂteéoifm jogker ADKlE can
conposition vari f vering
submi croliter vo urlrlgslﬁo hlte}gvr'r:gt %&%Q‘?thﬁéég‘g% ut doaw%%moa{sqtﬁsmggwel ls to
the sitting droghemgwaeMBBhl n a vol unme range of | ess than about 25 nL;
and delivering submcroliter vol s af a so con ning a. nolecule to
be crystallized to t&é’“g‘gt"??rﬁ%"”o‘? sryélag%mgn a\?h%f’r‘é’uglﬁﬁﬁ’@ of |ess

t han about 2 Nlfirs&fositidg bad meaom;ea&uh\apdhagmmgémm eﬁlbblﬂﬂé&ﬁ}ﬂthk h@bun¢ol unes
delivered to each sitting drop region is |less than ~L

. AS. A. A@ Af . Ay. A5 mgthes liquggpo m delixgedsinto AgehA8 fiam thsv-\ﬂmd/mmptwfl AS?. A, . A A Ay
A A LAS L A@ t duit 96 on th t side of th 08 is pinch
(AR ASR AT AT, AG KPS e fluid condult 26 of the optput side 0L he syrigec, 08 is pinghe
A@R. A, x$r/ ~ OE# Posed, the expansion of the volume within the syringe 100 by a particular

dA@A’> A,

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

30 amount to flow through the fluid injector 88 and into the associated well 38.
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The drop formation station 28 also includes a pipette holder 122

configured to move vertically as indicated by the arrow labeled A and laterally

5  asindicated by the arrows labeled B. 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 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 positions over the

20  coverslip holder 124.

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

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

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

38 in the column.
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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 coverslip 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 place when the
coverslip holder 124 is inverted. However, the attachment mechanisms 140 can

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

attachment mechanisms 140 include, but are not limited to, a vacuum source in
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109 ()- 109%& ( )13 'OB}&E}“E% a vacuum through the vacuum ports serves to keep the coverslips
in place on the coverslip holder 124. However, when the coverslip holder 124
is inverted, the vacuum can be released by disengaging the vacuum source or
5 reversing the vacuum. The release of the vacuum releases the coverslips from
the coverslip holder 124.
Figure 5E is a sideview of a coverslip storage component 120 which
includes a plurality of magazines 142 sized to hold coverslips 144 stacked on
top of one another. The stack of coverslips 144 within the magazine 142 can be
10  biased upward until the coverslip 144 on the top of the 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-6l illustrate a method for operating the drop formation
station 28 to form hanging drops in each of the wells 38 of a multiwell plate 34.
The figures are described with respect to crystallization of a protein, however,
the same method can be used for crystallization of other types of molecules.
20  Figure 6A illustrates a drop formation station 28 in the rest position which can
be occupied when the drop formation station 28 is not in use or between
multiwell plates 34 being transported into the drop formation station 28. In the
rest position, coverslips 144 are attached to the coverslip holder 124 which is
positioned to one side of the plate track 14 and the pipette holder 122 is
25  positioned to the opposing side of the plate track 14.
Figure 6B illustrates a multiwell plate 34 moved into position for drop
formation and the pipette holder 122 moved into position over the wash basin
112 for priming of the pipettes 130. The pipette holder 122 is lowered until the
pipette tips are within a cleansing solutions within the wash basin 112.

30 Cleansing fluid is aspirated from the wash basin 112 and the pipette holder 122

is raised to remove the pipette tips from the cleansing solution. The cleansing
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pipettes 130.
Figure 6C illustrates the pipette holder 122 moved into position over a
5  column of wells 38 in the plate 34. The pipette holder 122 is positioned so each
pipette tip is aligned with a different well 38 in the column. Accordingly, each
pipette 130 is associated with a particular well 38. The pipette holder 122 is
lowered until each pipette tip is positioned within the mother liquor in the
associated well 38. A portion of the mother liquor is aspirated from each well
10 38 associated with a pipette tip. The actuators then lift the pipettes 130 upward
to remove the pipette tips from the wells 38. A portion of the aspirated mother
liquors are then expelled from each 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 the coverslips 144 is strictly
25 controlled. As discussed previously, a feature of the present invention is the
ability to deliver small volumes precisely which enables small drop volumes to
be used. With devices which can deliver volumes as low as 380 pL, volumes
can be delivered with great precision. The precision of the volumes delivered is
preferably less than about 25 nL, more preferably less than 20 nL, more
30 preferably less than 15 nL, and most preferably less than 10 nL. The precision

of the volumes delivered may also be between 380pL and 25 nL, more
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Figure 6E illustrates the pipette holder 122 returned to the rest position
which was illustrated in Figure 6A. The molecule delivery pipette 126 is moved
5  into position over a coverslip 144. Before being moved into position over the
coverslip 144, the molecule delivery pipette 126 was lowered into a particular
molecule solution well and a volume of the molecule solution aspirated. Once
the molecule delivery pipette 126 is in position over the coverslip 144, drops of
the molecule solution are delivered onto the mother liquor which was previously

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

33



10 5' 10%&' ()-3109%& ()- f2109%& ()-Y 010% ()-1JQ" JIJI>KIEnbC s10% 109%& ()-
C109& ()-  109& ()- S109& ()- 109& ()- 910%& () - >KKKK@KLLAENDC s10%
109& ()- f109& ()-y&L0%& ()- 109 ()- @109 ()- 109%& ()-LLOM MVVNIEmbC
s10% ! 1098 (WO °°i'z9ﬂ/é' ()- 109&' ()-Ff10% ()- 9109%& () - retRbAAY

F109%&’ () - NPNNNOOVQJENDC $10% s* 109%& ()- ) 10%& ()- L' 109%& ()-

% 1098 () - &$L10%@verylip MAGsaignpd with GeoRPSv s Gasshos@IBuhe)motB21 09& () -

0810%& ()- ./ S1QUE& ()= 1= 10%& £) o .
10% () ( bpxpvngﬁﬁﬁéw{%&%%‘E&E‘gﬁ?"z‘ﬁ/‘@é’&/i&#ﬁpl& 1321 { @@0%q& () - Z! e@ 0%
dd& ()-Z 10 10 10891 chversEpBuIMAIAXEIoWEled LOGh theidyprslips TA%Rita}t-the

VI0% ()1 @10%E (1 100 () @A ()= RO00CO0OH ey, 10% ()
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 6l illustrates the coverslip holder 124 returned to its rest position.
20  The top coverslip 144 from each magazine 142 discussed with respect to Figure
6G is attached to the associated support cup 138.

The steps described with respect to Figures 6A-6I result in a hanging
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.

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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5  mother liquors into the well region 41 of each well 38 without delivering the
mother liquors onto the sitting drop region 42 of each well 38.

Adapting the crystallization system 10 to form sitting drops also
includes adapting the drop formation station 28 to form sitting drops. The drop
formation station 28 can include each of the components illustrated in Figure

10  5A-5E arranged with the same spatial relationships illustrated in Figures 5A-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,

15 The figures are described with respect to crystallization of a protein,
however, the same method can be used for crystallization of other types of
molecules. Figure 7A illustrates the drop formation station 28 in the same rest
position illustrated in Figure 6A. Figure 7B illustrates a multiwell plate 34
adapted to perform a sitting drop atray microcrystallization moved into position

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

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

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

delivered into the well region 41 of the associated well 38. A portion of the
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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
10 mother liquor from a particular well region 41 is delivered onto the sitting drop
region 42 of the same well 38. The drops of mother liquor are expelled onto the
sitting drop region 42 until a desired volume. of mother liquor has been
delivered onto each sitting drop region 42. The total volume of the drops
delivered onto the coverslips 144 is strictly controlled. As discussed previously,
15 afeature of the present invention is the ability to deliver small volumes
precisely which enables small drop volumes to be used. With devices which
can deliver volumes as low as 380 pL, volumes can be delivered with great
precision. The precision of the volumes delivered is preferably less than about
25 nL, more preferably less than 20 nL, more preferably less than 15 nL., and
20  most preferably less than 10 nL. The precision of the volumes delivered may
also be between 380pL. and 25 nL, more preferably between 380pL and 20 nL,
more preferably between 380pL and 15 nL, and most preferably between 380pL
and 10 nL.
Figure 7F illustrates the pipette holder 122 returned to the rest position
25  which was illustrated in Figure 7A. The molecule delivery pipette 126 is moved
into position over a sitting drop region 42 in a well 38 of the column. Before
being moved into position over the well 38, the molecule delivery pipette 126
was lowered into a particular molecule solution well and a volume of the
molecule solution aspirated. Once the molecule delivery pipette 126 is in
30 position over the sitting drop region 42, drops of the molecule solution are

delivered onto the mother liquor which was previously delivered onto the
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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
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 illustrates a sitting drops formed
on the sitting drop region 42 of a well 38. After forming the sitting drop on the
sitting drop region 42, the molecule delivery pipette 126 proceeds to the sitting
drop region 42 in the next well 38 until a sitting drop is formed in each well 38
of the column. The molecule delivery pipette 126 then returns to the position

15  over the molecule solution well which was the source for the molecule 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-6I.

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

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

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

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

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

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

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

within the same pin carriage 162 are withdrawn.
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without moving multiwell plate 34 on the plate track 14. When the pin 160 is

extended and the pin carriage 162 is moved along the longitudinal axis of the
plate 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 10. 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
position P, to position P, by moving the first pin carriage 162A to the right until
the multiwell plate T, is positioned at position P,. The pins 160 are then
withdrawn below the plate track 14 and the first pin carriage 162A is moved

30  back to is original position and the pins 160 are again extended above the plate

track 14. The pins 160 in the second pin carriage 162B are withdrawn below
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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 allows a
multiwell plate 34 at one station to be processed through the crystallization
system 10 independently of another multiwell plate 34 being processed through
the crystallization system 10. For instance, a first multiwell plate 34 can be
advanced from P, to P, while a second multiwell plate 34 remains in place at P,.

10 Asaresult, when P, P, and P, are each associated with different stations 12,
multiwell plates 34 can be processed through different stations 12 at different
rates. Further, different pin carriages 162 which make up a transport assembly
can be included with independent systems which are assembled together to form
the system. For instance, the first pin carriage 162A and the second pin carriage

15  162B can be included in a mother liquor deliver system and the third pin
carriage 162C can be included in a drop formation system 32.

Crystal formation can be detected by examining each drop for the
formation of crystals. In a preferred embodiment, crystals are detected and
graded in the various wells for crystal quality. This may be done manuaily 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 described above, the system can be used to performed crystallization
trials where various mother liquor are screened for their ability to crystallize a

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

When the mother liquors are used to crystallize proteins, a preferred

30  coarse screen preferably consists of the 15 sub-screens listed in Table 1. The

number of mother liquors included in each sub-screen is also listed in Table 1.
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are included in the coarse screen and since each plate preferably includes 48
wells, the coarse screen can be performed by processing only 10 plates through
the system. Further, the sub-screens generally include 24 or 48 mother liquors.

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

10
TABLE 1
Screen Number of mother liquors
Crystal screen I 48
15  Crystal screen II 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 | 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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that storage of these mother liquors impractical. Accordmgly, the system can
also include a station which forms the fine screen mother liquors from stock
solutions and then delivers them into the wells of a plate. Alternatively, one or
5 more external systems can be used to create the fine screen mother liquors from
stock solutions and to 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 crystallized in a mother liquor
composition including 100 mM sodium acetate and 10% sodium chioride at a
pH of 4.6. The volume of the hanging drop formed by the drop formation
station was different for each experiment. Figures 10A-10D respectively

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

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

Example 2
30
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mother liquor for crystallizing lysozyme was optimized. During the coarse
screen, 480 crystallization experiments were performed using each of the 480
mother liquors disclosed in Figure 9. The results from each of the 480
5  experiments were compared to one another to identify one or more

crystallization experiments yielding crystals with the most desirable
characteristics. One of the identified coarse screen experiments was associated
with a mother liquor composed of 30% MPD (+/- 2-methyl-2,4-pentanediol),
100 mM sodium acetate, 20 mM calcium chloride, at pH 4.6.

10 A fine screen consisting of 24 crystallization experiments was then
performed. The composition of the mother liquors associated with each of the
24 crystallization experiments was selected relative to the composition of the
mother liquor associated with the identified coarse screen experiment. The
compositions of the 24 mother liquors selected for the crystallization

15  experiments of the fine screen are listed in Figure 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

20  all about 30% MPD and 100 mM sodium acetate. The concentrations of other
components in the 24 mother liquors were varied over a range which
encompassed the concentration of these same components in the identified
coarse screen experiment. For instance, the concentration of calcium chloride
was 20 mM in the identified coarse screen experiment but was varied from 12.5-

25 27.5 mM in the 24 mother liquors. Similarly, the pH was 4.6 in the identified
coarse screen crystallization experiment but was varied from 4.1 to 5.1 in the 24
mother liquors.

Each of the 24 fine screen crystallization experiments were compared to

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

30 most desirable characteristics.
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description. The examples and preferred embodiments, however, are not
intended to be exhaustive or to limit the invention to the precise forms
5 disclosed. Obviously, many modifications and variations will be apparent to

practitioners skilled in this art. The embodiments were chosen and described in
order to best explain the principles of the invention and its practical application,
thereby enabling others skilled in 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.

15
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What is claimed is:

l. 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 detecting molecule crystal formation in the drops.

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

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

4. The method according to claim 1 wherein the macromolecule has a

molecular weight of at least 500 daltons.

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

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

than about 500 nL.
30
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9. The method according to claim 1 wherein the drop has a volume of

between about 1 nLL - 500 nL..

10 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 puL of mother liquor solution.
15

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

about 250 puL of mother liquor solution.

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

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

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

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

25 15, The method according to claim 1 wherein the array includes greater

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

than 192 microcrystallizations.
30

46



109109%&' ()-! @Y10% - & () - @! DSY10%& ()- @!\ SY10%&' ()- @LM OOPMPRJIEdY: 1!
Y MLO%&' () - @10%& ()-Y 10%& ()-@510%&' ()-1 109%& ()-

310%&'() oR dEdY: 1! | f5t10%& ()- @910%& ()-|

- 109&’ ( %?‘5% Y 9409 () L &$GLOYR () - WWW( V7V Wb C BTTVIARRL () -
10%&'() "5100/&' y GLOY&! (121 10 10 1089109%& () - \WK2YpZzZ9[ dEbC 1! |

-109%& ()- 109%& 1§7 109&he(methadygeerding ya elaign | yhereipgfoning sheafrpy of j \\ \ dELC 1! Y

N ARaEbG 11 v 2 BB e Fﬁ%éé}a(‘sﬁ%]“%o%%ylutl&%%&% 4arl]

& 10%&' () - "I _L_rbtherdighor sobsfiodd uskd gﬂiﬁe/&‘re(y) SY109%&' ()- 10 10 108109%& () -
510%&' ()-y3z10%&' ()-j < "bb bbz[<bC 1! 10%&' ()-
10%& ()-f109%& ()-!F10%uu& ()- !109%#1#& ()-

5 18 The method according to claim 1 wherein forming the array of

microcrystallizations includes using greater than 96 stock solutions to form the

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 nlL..

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 forming the array of
microcrystallizations includes forming the drops within a volume range of less

than about 15 nl.

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

30 having a volume of less than 1 pL;
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storing the array of microcrystallizations under conditions suitable for
molecule crystals to form in the drops in the array; and

detecting molecule crystal formation in the drops.

15 25. A method for performing array microcrystallizations to determine
suitable crystallization conditions for a molecule, the method comprising:
forming a first array of microcrystallizations, each 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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array have a volume of less than 1 pL.

29.  An apparatus for forming submicroliter drops in an array

10  microcrystallization to determine suitable crystallization conditions for a

molecule, the apparatus comprising:

a platform on which a multiwell plate is positionable;

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

plurality of wells of the multiwell plate and delivering submicroliter volumes of

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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mother liquor to sitting drop regions on the multiwell plate within a volume
range of less than about 25 nl; and
a molecule drop station capable of delivering submicroliter volumes of a
10  solution containing a molecule to be crystallized to the sitting drop regions

within a volume range of less than about 25 nL.

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

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

40.  The apparatus according to claim 38 wherein the mother liquor drop
station and the molecule drop station are each capable of delivering
submicroliter volumes within a volume range of less than about 15 nL.

20
41,  The apparatus according to claim 38 wherein the mother liquor drop
station and the molecule drop station are each capable of delivering

submicroliter volumes within a volume range of less than about 10 nL.

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

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

30 compositions vary within the array; and
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F10%r: & ()- SY43. 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 nLL - 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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be crystallized to the plurality of coverslips within a volume range of less than
about 25 nL;
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 pL.
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