FRACTAL- FORM NG ALKYLKETENE DI MERS FOR | NTEGRAL
MEMBRANE PROTEI N CRYSTAL GROWH FI ELD OF THE | NVENTI ON
wQ O®80313Thi s i nvention relates generally to  PCT/US2004/031739
crystal |l ography and growth of protein crystals. Mre
particularly, this invention relates to a device and
met hod for pronoting crystal growmh of integral
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X-ray or electron crystall ographic techniques, the

t hr ee- di nensi ona r | ogi cal
macr onol ecul es, Fmoﬁg}ﬁmgﬁg%ﬁucl ei ¢ acids, and
their various conpl exes, can be deternjned at

[0001]  pr oERip elaﬁlllswralte&ﬁmgen@rwéy torcaxsaliography frbEewily fpaetein grystals.
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rstan of 1 nmportant biological processes and

intogral manetmarsl psefeigsi de drug design. [0003] The first step in

determning the crystal structure of a target

macronol ecule is to grow large, well-diffracting

crystal s of BAGKGRENINDIGETTHE INVENIIOHues f or

coll ecting and anal yzing diffracti on data have becone
[0002]  norRetempnihggmoteMULNmteeis ab essentid stop irt lheddrmmgtd'aanmry)ﬂnd

molecular %P%u Ctlgjsr@gl] %&%% glew t Il‘(g)ct{] Vtgi F %ggcet gé%ﬁge réhe three- \Qemensional

structures df&)ﬁcﬂoélta]hﬁadﬁ@nslbaﬂes suchhe pmtmsa afcleit acids, andribair wgnous

cture. . Tradition ds, of n
complexes g Be b ainty ALIELBALY APt R R R fE R st uch
structural thRriRY 860 QuEdldePRmIRFRI @aptreht biblogRal froctdedtnd can also
i ntegral nenbrane proteins are difficult to process by
guide druggasighat ed t echni gues because they require the presence

[0003] Of ﬂ%ﬁﬁ&%ﬁ 1 RESmidifY the OBLRACHNRANE B 4 BReChYGbAblecule is to
: grow h medi'um [0004] Vapor diffusion is the npst

grow largeyvelbHiffrapting crgstainpihe magiomolspaleq T eohnighesdfr ?ﬁﬂeﬁﬁn&a@ﬁ ns.
analyzing difra680Pdatd h Féé"@éc&ﬂe nforéf PR fﬁ)ﬁ @ﬁM‘té&%e&ﬁ@e of the importance of

macr onol ecu stabi |1 zi ng ers perC| pl ents and
structural information to drug dcvelopment Howcver growmg 'the protein crystals has become a

rate-limiting step in the process of determining structure. Traditional methods of growing
cfystéls have proven unsuccessful or inefficient when applied to many biological
macromolecules. In particular, integral membrane proteins are difficult to process by automated
techniques because they require the presence of detergents and lipid molecules in the crysfal
growth medium.

[0004] Vapor diffusion is the most widely used technique for crystallization of protems

| In vapor diffusion, a drop containing the macromolecule, stabilizing buffers, percipients and
crystallization aids is allowed to equiiibrate in a closed system exposed to a larger reservoir. The
reservoir usually contains the same components as the crystallization drop (except the
macromolecule) but at a higher concentration so that water preferentially evaporates from the

drop. The drop is kept separate from the reservoir of crystallization solvent either by hanging the



crystallization aids is allowed to equilibrate in a
cl osed system exposed to a larger reservoir. The

WO e@s/0810 usual | y contains the same conponent BCEES1004031739
crystallization drop (except the macronol ecul e) but at

drop from g\gli%g :gg{leégﬁ{)] Ktml O?roé méltﬁga) Oo\ﬁg) eSrlttIRé e%rnz;g&'l Q?Mestal above
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crystals. JP Rosenbusch PNAS, 1996, 93: 14532 14535) The lipid
i s emJIS| on forns a cubic, threedi nens
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hé" presence of detergents i ds_prevents nos
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t’el ns | sol uble state, as well as included

[0007] I | pi Kisthes iitgn dédiahletthgt the crystalhzatlon drop only minimally contact the
surface on which it rests because the surface and liquid interface has been implicated as a major
source of randomness in crystal growth. In particular, the surface/liquid interface contributes a
good deal of heterogeneity due to dust accumulation and other variations in the surface. Thus,
better crystals result with less contact between the drop and the surface.
[0008] Alkylketene dimers (AKD) have been suggested as a possible crystallization
surface for soluble macromolecules (Shibuichi, et al, 1996, J. Phys. Chem. 50:19512-17) but not

for integral membrane proteins. The ability of alkylketene dimers to impart water resistance is



reduces the surface tension of the crystallization
drop. The drop often conpletely coats the plastic
wa@rosas1B10 i nhi biting crystallization. [0007] FeeT/82004/031739

it is desirable that the crystallization drop only

m.ni.mal | y .cont act .t he e opwhi.ch i ~) £ thi
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ut (A rane proteins. The ability of

crystallizigg ityédesitraarmbahenproseibosolutbaed indetergeneaniddinihdexpesivrsnts with

known i n the paper .i hdust where it ..
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wetting anagﬂ&‘ﬁbfiﬂg cx?k'ﬂallizaﬁ&gwhlbﬂ dotégBntus pidseu iredhls wlysedlrgio drep. This
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surfaces increase the surface contact an Ule af, ag eous 4
[0010]  dr opihusithers in Besd WicKG SStOT SRS S92 é"&’i“?s‘b"ﬁ gr=e
i i 'E!\S}i“ﬁ]\&% RFeY bk S¥Hedrethe 4Py rests. More
mteracnoréﬁ%%ééh%%a Sg{lﬁ%t?i%%rdo en co?lséi stently effective for |
specificallys $tetceis laineed risntiagps dhat penie waed toersete high-qualitnhenystadgof integral

in detergent .and |ipi eri.ment ] kvl ket ene
membrangrbe eSS s o SRt B
jpo11] Vvar i&&b&diﬁgiyp&s BRREAIBveRH6H RGEredRl i the cesatopanidd afja surface

crystallization when det eédgent I.S present in the
compriseccofjtcablei xeith dlkylkietepe dimsrssdopad alhia uclpaliagagen iy grder to

al kyl. ket ene. dj ' .npractical for nost
enhance cﬁsytf'ﬁ{’%\&\%loflzogtm S%%g%ﬁ%ggéagg?&iténc "udi ng hi gh-t hr oughput
processes. Mireover, the use of al kyl ket ene di ner
coatings for c [ 1 Z] bi onol ecul es
IS nore expensémbgmmgﬁﬁgﬁ?zati on. [0010]
. Thus, there is a need to create surfaces o,r%ggrface. th
[0012] coatOmesspettiofthaprasant wentina nrovidescUseBY dpurqiRt prepmetng the

cwstalﬁzq%@f&gaﬁtk%ﬁ%g}rﬂe%%ra%% %Pot@iﬂg iR fi2fe AU ¥dAigLRE1EIRRene

dimers that has been doped with a nucleating compound. In some embodiments of this invention,

C

the nucleating compound is a dialkyl ketone.
[0013] " Alternative embodiments of the invention contemplate using stearoylketene
dimers as the alkylketene dimers. Distearoyl ketone is also contemplated as a nucleating

compound.



specifically, there is a need for surfaces that can be
used to create high-quality crystals of integral
woreoss/03n3e0 pr ot ei ns despite the presence of PCT/US2004/031739
surface-active detergents and |ipids. [0011]
Accordingly, the present invention is.directed at fhe
[0014]  or ochuoiiet agisct AdhiGSPSR PRSI AERSL B BEP BB SR ©
sttt iR ?&P&ﬂs b Edutig ThChRRke Mthaligfketene
promote c%‘%]lrl%glrﬁltogﬁﬁeﬁ%ﬁge cry% al l'i ztﬁi on gf i nt ernal
dimers dopaiwithaeupleating cosnpoBOMARY OF THE | NVENTI ON [ 0012] One
aspect of the_present inventjo rovides a et .
[0015]  goviAlismiasive grbpaERag eHBE AT Ls PGB Fhdisegene dimers
il Pr9k &0 81 §idehiedi Bdlorie 8 Wlsbaesteaiptatad snfhidgatiiy
asmealk}??i‘glﬁ et éne di ners thglgghas been doped with a
compoundiucl eati ng conmpound. I n sone enbodi nentsof this

' i nvention, the nucl in L s |-l

(00161 ot RV sBRST R b s SRl e e ¥Y vapor

depositiod.nvention contenpl ate using stearoyl ketene diners as
the al kyl ketene diners.. D stearoyl ketoneis al so.

[0017] conthmgogmmveﬁppwgove@mﬁ@pﬁe anpallirhigigesat

membrangﬁrg)g%}?sl l%gaﬁ If&'g%g%lgg Lt sBRitiBh QUhtEen FintEtd tkn¥rane proteins to a

to pronote crystallization of
surface cdarddegitiahlknikatenadengs domadneitlby nedertinggompeundir f ace wit h

onts) oA SR Wb PR cn

: W ) DiSLABYOMELdRLE B0 dbiierplabel dshieucleating
dimers asgﬁiéﬁgﬂé%%%@%ﬁép?l Thepuse of1 di gt earf(])l?}la ketone i.s 5

compound| Issome Nagatmna,t thel d;;g)lqi cmt@]nm ip?ﬁ@raé @pﬂg@h;mp prt)@@ggef applied to
e o oGPGO g i AP B e

integral nidMbtahd ProRinsaplieditel e cdated sindateah adrygingldrazi ng
i ntegral nenbrane proteins by applying a dropl et
solution containing integral nenbrane proteins to a
surface coated with al kyl ketene diners doped with a
nucl eat i ng BRIYJIIBIC @NORI'EI‘EEP&AW@@%bodi ments of
the invention contenpl ate using stearoyl ket ene

[0019] " Figure 1 shows compound 1, alkyl ketene dimer (AKD)

[0020} Figure 2 illustrates 5pl drops of water on various surfaces. The upper row (A-C)

shows a view looking down on the drop, and the lower row (D-F) shows side views o the drop.
Untreated glass is shown on the left (A,D), siliconized glass is shown in the middle (B.,E), and
glass coated with stearoylketene dimers doped with distearoyl ketone is shown to the right (C,F).
[0021] Figure 3 illustrates 5 pl drops of water with 0.05% DDM detergent on various
surfaces. The upper row (A-C) shows a view looking down on the drop, and the lower row (D-F)
shows side views of the drop. Untreated glass is shown on the left (A,D), siliconized glass is
shown in the middle (B,E), and glass coated with stearoylketene dimers doped with distearoyl
ketone is shown to the right (C,F).

[0022] Figure 4 shows compound 2, dialkyl ketone (DAK)

[0023] Figure 5 shows the diffraction pattern of an SKD fractal surface.



dimers as the al kyl ketene dinmers. Distearoyl ketone is
al so contenpl ated as a nucl eati ng conpound. In sone

wo a05a8i30ms, the dropl et containing integral nmeobUswe4/031739
proteins is applied to the top of the coated surface
as a sitting drop. In other variations, the droplet
containing the integral nenbrane proteins is applied

to the CEGHEANIED DESCRIBTIONORITHE INVENTIBRNEF
DESCRI PTI ON OF THE DRAW NGS [0019] Figure 1 shows

[0024] | E'fgllc]wm%:‘ﬁgﬁé{%lpi%gta{%riﬁteﬁﬂé@ﬁ b cekBR3Rnd ff)l@%ﬁh@

IIustrat es ops of water on various surfaces
invention. Wiﬂsmgpﬂplemem iBrenghbtedinit thesnopaooitheglatinste any particular

example. Iga%lﬁﬂdeandqéefge%% ot 8200 B gl DR hrEAeBinpefofBpf nfeffoation

in view ofst ¢ H@s@ﬂbﬁ&gh%ﬁ‘ﬁ gny @&%V\@nd the kKhewIBdg6lb£thoEe & ordMy skill in

ass coated w th stearoyl ket ene di mers doped wi
the field. 'Ehcse elailcslf in thetastreili readilyopnreciste that mpghyarptiony ma[YdX?Z@P

th tg)lls %lllustrate35mdrops of water with 0.05% DDM
using the follpWing descliBlioh "o us surfaces. The upper row (A-C)

[0025] sh O\M%l_i‘e\llsﬂwwb adidgigm doihie nﬁﬂleduﬂw: sdncrme g dlkgl etewerdimer.
r ow F) shows side: views of th %urt Unt r eat ed

Alkylketegg glgrgem gaxglpﬁobﬁ@te@rﬁn@ﬁ@mqgﬂpm(aﬁugyoe & ﬁl}cyggpteﬁ}eéggle}' gurfaces
spontaneoﬁ%lg%hﬁ Frﬁééa?stmcgglesewﬁgﬁ dobie a'i‘ﬂesg lrassi1 QRPA‘&@&d h¥d $high degree of

aroyl ketene diners dop e di st earoyl keton€ is
surface roggimeass tesultihg in s@et—w(afér—@pell[alﬁ@)i@jerﬁasg Gontact agighenis one indicator of

water repqlRBOOT VPERIG B ERH D e sl 1A bt SHRA angle
between afl léﬁﬁ&ﬁl@ dRET M d 5B i@ Eg-fidé 6ANGhich ke iy Eésﬂ'sl Qhe] G044 the surface

foll owi ng exanples are intended to_convey certain

contact anglce, thei Ip®1@§pb¢nqahﬁleu dreteisondhe surfes andsths sk eantipkthatsiis between

thedrop apd i ERe) T e PR Bl ?Z 0 LT 1" i

[0026] ar e Rigurbe sBowe syl feps obwaadisthavebsangided on various surfaces. On
interpretation in view of he d scrlptl n_herej

untreated glapsp ihe-gurface penthgt anile svie o demesseasgiiasraips by ?g‘%]ey 2A and
2D. On glﬁé@'thét 128 bEdEedatedl With ﬁh&ﬁle(siﬁ%bﬂlk&ﬁ thB stfdRe@ohntatk bhgle of the

appreci ate that many variations may be derived
water is gtmten @anﬂelOfdegfe@waﬂgH@Hchd bpfigore. 2B aob2y. Thig)iseontpasatded glass

that has b?géltcgﬁ aynlhb{h_e alkylke ene Iijmgrr dlS{eraI%%’ etgneog‘lg%?e abka\ﬁld 2F illustrate
the high contact angle on the distearoyl ketene dimer-coated surface. Both siliconized and
alkylketene dimer-coated surfaces have high contact angles with drops of pure water.

[0027] As described above, contact angle is an indicator of a surfaces ability to promote
crystallization of macromolecules such as proteins. The greater the contact angle, the more
spherical the droplet, thereby minimizing interfering effects from the surface/liquid interface.
Thus, higher quality crystals can be grown.

[0028] This relationship between contact angle and surface is particularly critical in the
emerging field of high-throughput crystallization. Thus, high-throughput crystallization is a good
example of an application for this invention. Typically, high-throughput techniques use sitting

drop vapor diffusion formats in which the drop (or drops) of fluid containing the mgcromol‘ecules



Al kyl ket ene dinmers can be heated and forned into a
surface. Further, alkylketene diner surfaces

wgep@snarseously formfractal structures when copCEUS2004/031739
These fract al surfaces have a hi gh degree of surface

rau sSs.res I ter-repel]ent... . .
to be crys{sfgAE AT PRSP o Mg Pk AT G ospipteles. i
preferable’# Q%Hs%lﬁ%tﬁh sﬁﬁﬁ@b iAlttetnpts tOhRe hith @Asethpatédys@llization

roughness results in a hrg er contact angl e between an
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crystalhza‘ﬁ@ﬁ'b@Hteérﬂ%&nbﬁn@ﬁidﬂﬁﬁ@béd&&s&d&&gaﬂ&nid&ﬁesSaﬁefra@ﬁred to maintain -
This effect is illustrated in Figure 2. [0026] Figure

the macromolgslesn 8 splultfeotsate and lipids arq W&Flf%ﬂ?é’rsté@ﬁ dﬁhﬁ’é‘éﬂ%ﬂf the

var es. On untreated gl ass, the surface
macromolggrﬁ%,gg?nag%&g t@?’r s less than 90 degrees as illustrated

[0029] by th@lpr@eﬂd& @Mipi® bhd @tergbatsdsd fedtceh dbe bedavedamti@dof the

with silicon ( |I|conlze , the surface co adg c?t!h
crystallizaiondeep, dgamaticnly drzeasee ﬁaﬂnti%@na%&ﬁé%@en thethop S surface
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mat~ has been coated with the al kyl ket ene di nmer,
dodecylmd]tmdra(ﬂ]ﬂM) Hetexpant plmeghmevamua sarfaes. i(Oh ustreated glass the surface

contact angd 8168 Daf GRS a8 osdane S FEBRY AT F O e i been

coated with siBdonqEifit @izl tha §1§$adé&%ﬁtabt ﬁ{gl@@ﬁ‘tha thrataflg ke lwdstihan 90
drops of pure water, %OOZ? As descri bed, above,
degrees, a@dﬁtsareted hidieare 3B apd PRdHewew on slassanatedwith apiallyietens dimer

that has bg%ngcgg)% t{'r_yFrh&rmc&f lge‘%ﬂe eQrfo ?Jn%%&cﬁéﬁ witly Hls?e%royl ketene),

eat er ontact angle, the nor
the surfacsphgle i1$g’eatbhhaﬁ] i @(Dﬂr%reest E@u&b&C ramch BRit Hirstopte ﬂtedngbcwm:g:t angle

effe s fromt S ce/liquid interface. Thus,
on the disfgagyy, &WCE?‘?‘&“& &Ccan be grown. [0028] This
[0030] rel af‘ﬂlﬁnrﬁj?){ 1RetBRd YBRAs ERNtaEde tAE YleibBtY aﬁbl'ﬂﬁe%@@y InSrease the
ar

particul y critical in the emerging field o
contact aglgbi thi coysighization dyppreakn Whar bising drrﬂqrg@ntrﬁngqartrqrﬂaruﬁﬁqggylketene

all i Za ti o f |
dimer is ap#kyﬁlfﬁt m}grh Oq{om?ge%lacrg C%H.%h& % Wﬁ& ﬁﬁg 5 uﬁ@tpré)s@nce of
detergenttaﬁ&fuvo%lﬂﬁ dﬂlﬁ@al&hkblﬂﬁ@)r@éﬂ?atimpﬂbwdvéﬁ p&te@ﬂkﬂkéﬂ&ﬁé dinen

whi ch the_drop r. drops) of fluid containin
coatings altes BHEIEETBLt O TRl Py i YIksiehe Gmer G At Ogsbil oo much

vamablh‘c%I rH the Fhctal BF é’f T@F vari Rl ASEAE to IRbIEtchNRRaBility ﬁ'rctﬁé pfdence of

I'S pre erable as a crystallization surface
detergentAtterrpts to use high-throughput crystallization

ousty R G T RS P ol Al Rytten
dimers are achieved only when modifications in the composition of the stearoylketene dimer
mixture are made. Thus, the alkylketene dimer coating should be “doped” with some modifying
compound to achieve consistent results with detergent-containing drops. In experiments with
stearoylketene dimer coatings, the variability of surface wetability (contact angle) of drops
containing detergent was traced to the variable presence of small amounts of distearoyl ketone

impurity in the stearoylketene dimer sample. Distearoyl ketone forms as a hydrolysis product of



presence of detergent in the aqueous medi um
Detergents and |ipids are necessary for

w@reosad3iie zat i on of integral menbrane protei nSPOPUS208€031739
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L e
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] eby increase the contact_angle of the . .
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[0033] the THeedkylketend didet mixjerstmayt beodopdsbwith ahg additional compounds that

criticalmcelle, t i.on.
s o S oG S BSEES B8 Sant Rt g
chain 1en% gﬁ%wasmlé@ué’ét&%ldﬁﬁéml@wﬁﬁo@qaéd inep BmhiRivis td wiectively alter

h variability in the fractal surface. This
fractal grovethipatteims, thergby attenuptingothe cemplaxityeafdhs surfagei n t he

presgnce of .detergent.. - i
[0034] ¢ onstup SRERUQHE™ e\%ﬂf%et?%% {rlsglgéﬁné%pﬁg r g%@%‘%@ b e it has been
doped Wi%l) M&f&ﬁ{@g ComthiEIdSto afcateardtirfave dnovlivh vtystals of integral membrane
| s
o e ot G SOIPSELE LO% O Lot SR QU iy
compoun&ﬁ%tah BY defiHngd 5t an§ pREHuIaVa g1 ROBE. TS kfvéhfiéh also contemplates

creating surfaces which vary the ratio of alkylketene dimer and nucleating compound across the

surface. Such a surface would be helpful in optimizing the ratio when crystallizing different
macromolecules. Any form of alkylketene dimer could be used with this invention, in
conjunction with any nucleating compound capable of altering the fractal pattern of the
alkylketene dimer surface. Stearoylketene dimer doped with distearoyl ketone is a specific
example of an alkylketene dimer and nucleating compound contemplated by this invention.
[0035] A coating of alkylketene dimer doped with a nucleating compound can be applied

to virtually any surface to create a crystallization surface. For example, plastic or glass slides



conmpound to achi eve consistent results wth

detergent-containing drops. In experinents with
wat@analiket ene di mer coatings, the variabilitRCDUS2004/031739

surface wetability (cont act angle) of drops containing

couts e o pL3PSERY B ph OB T B ERSRER s s

typical dofsddeak kdtkrd gifter dbﬁ&ﬂg§mb®queDttﬁﬁm coytingsahaynemplifsndirectly
as a hydrol ysis product of st ear oyl ket ene, di ne

visualizing eqyetat grawelk Pt caly, ‘Fclj’{ﬁdoﬁ @F%‘é(ttbﬂokf‘é%’éh@'yﬁﬁtrﬂ?ldﬂ‘&g drops
could be s%ﬁrégt%%; o5 Pzﬂ%t?ﬁéc@l% et 2 Eﬁ lﬂg %('Bﬁatvtrﬂ{%ofmg RRE Eﬂy@ﬁl gtfowth array

one ecu nodel of
can be ﬂas@x feldzeh Ky ltqkﬁtrﬁllﬂ@genl)imi soacangt] ek @toom fori ca'ysialfgnowﬂ"dfy assessing the

I al kyl ketone, The ortion of. di stearoyl t on
ability of Ghel SHBREBYTRAENE BITFEN Taioer o (iR cveg R LoRLaR! for eystal
growthco?ﬂq)e %fe%édﬂtg%a?ﬁfglaa angl e. [0032] The exact cause of
do ping e

ect 1s unknown. W hy E(Ot hesi ze that a
[0036] nor Screegmigarystalasihdle thay hrecsillyat the pikytketenetdimer swface does

complca ARG B TS e Sl U i 0 pttm ot
alkylke:ten'érﬁfmgll HERRERHce B ldRREnASIVEd AEMANOMGHE difﬁ@dftldiipaltténf produced by
formati on of the stearoyl ketene di ner fractal

the proteuscnyst@t Figure Byhowe theadiffactiompattemnf the sigaoytstong dirggr. Although
dtfferently-gn%lft% é:l%/)léedﬁ n‘b’g Sl asw%ﬁ?d m%cﬁllé@{dat/eesueﬂ Ik %ﬁal?gls %bﬁﬁtﬁ)%ed x-ray

turn increases
beamwomeilimiﬂatdmfmioeenntaycoﬁlphhﬁmmsuIt| ng surface due to the

P T WL N I e T
by many &?ﬁ‘eﬂ%h?’me Baa P ifRhaR] tdsBewERYBRIe UslpStSH@aRS bR difirtt daPed with

timum di stearoyl ketone/stearoyl ketene dinmer ratio
dlstearoyl rm;enexrtm stéamoytuetﬁn@ dgncr/@pqganoahkqt@mmm s ptifioptefl gast its

mting S5 o S PRSP RSP e,

Different ﬂﬁdl&fe?des BEgdRAtIIeNKk Rde airaket at 1ssibich ThisGRBatiol kentemplates
al kyl ket ene di mer m xture maybe doped _w th any

using a vaparithandheato wafasely aspbrmlayen areloped, WBWE?“&)@PPV tgfe supface.
[oo3g] '°©S Ufglid ﬂlgrnéﬁqrf i@%l@t 1ibffed B %@Q&ﬁt d‘?oﬁ@ stéd Iﬁeﬁed of crystal

al tered aln lI'ength such~as "ol et ene di ner
growth. Altdughdopet alkzyllﬂstetede |d1mner $urfaces at usefut fn)r étgte’thmugbpyt

aljter fractal tern enuat in
crystllizphgrieRhing VGRETHP L URE QiR or U OPRE  HETR glross e also be
useful in ﬁ%‘?ﬁa@m&%ﬁﬁaﬁ&b N@tRefBorifdtifutiohs Mmhidesgidwieh diopaid hanging drop
has been doped with a nucl eating conpound to

vapor diffusieat ea surface on which crystals of integral nenbrane
[0039] All publications and patent applications cited in this specification are herein

- incorporated by reference as if each individual publication or patent application were specifically
and individually indicated to be incorporated by reference.
[OO40j Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to

those of ordinary skill in the art in light of the teachings of this invention that certain changes and



proteins can be grown. As described, the ratioof diner
and nucl eating conpound (or potentially conpounds) can

wheoodesBiori ned for any particul ar applicati on. Pahis2004/031739

i nvention also contenpl ates creating surfaces which

G bR 5 el A G AR A SR o

claims.

hel pful in optimzing the ratio when crystalli zing

di fferent macronol ecul es. Any form of al kyl ket ene

di mer could be used with this invention, in
conjunction with any nucl eati ng conpound capabl eof
altering the fractal pattern of the al kyl ket ene di mer
surface. Stearoyl ketene dimer doped with distearoyl
ketone is a specific exanple of an al kyl ket ene di ner
and nucl eating conpound contenpl ated by this

i nvention. [0035] A coating of alkylketene dinmer doped
with a nucl eati ng conpound can be applied to virtually
any surface to create a crystallization surface. For
exanple, plastic or glass slidescould be coated, It
may be desirably t o apply the coating in as thin a

| ayer as possibly. Because typical doped al kyl ket ene
di mer coatings are opaque, thinner coatings may
sinplify directly visualizing crystal growh.

Al ternatively, coated slides with potentia
crystal -yi el ding drops could be screened by x-ray
diffraction. After a suitable growh period, the
crystal growth array can be flash frozen in liquid
nitrogen and screened en mass for crystal growth by
assessing the ability of each crystal growth drop to
diffract x-rays. In this way, many conditions for
crystal growth could be screened in parallel. [0036]
Screening crystals while they are still on the

al kyl ket ene di mer surface does conplicate the

anal ysis, however. This technique requires that the
x-ray diffraction pattern of the al kyl ket ene di ner
factal surface be deconvolved fromthe x-ray
diffraction pattern produced by the protein crystal.
Figure 5 shows the diffraction pattern of the

st ear oyl ketene diner. Al though differently-oriented
protein crystals would conplicate such an analysis, a
hi ghly focused x-ray beamwould elimnate this
potential conplication. [0037] Al kylketene diners
doped wth a nucl eating conpound can be coated to
surfaces by many different nmethods. Prelinmnary tests
wer e made usi ng stearoyl ketene di ner doped with



di stearoyl ketene. The stearoyl ket ene di ner/di st ear oyl
ketene m xture was first heated past its nelting
w@eiosi313and then the liquid was transferred toPer/sstondo31739
surface and allowed to cool. Different thicknesses of
doped al kyl ket ene dinerscggﬁﬁﬁpssible. This i nvention
contenpl ates using a vapor chanber to uniformy apply
a layer or doped al kyl ketene dinmer to a surface.
Iclaim: [0038] This invention is not limted to the sitting
drop vapor diffusion nmetfiod of crystal grow h.
Al t hough doped al kyl ketene di ner surfaces are useful
. iy Nl , . n; .
1. & doviqlr BFfiotls SHANRY B LF ALk BikoS EFAER, 10
a sidbEecasl may al so be useful in alternate
confornmatigns. O her gonfor, tions |nclude s ndmLﬁh
a eorbps sl ¢lnakgrrgdimehdRRedariiiyg PreTtEg, comm? opsqid surface.
publ i cations and patent applications cited in this
specification are herein incorporated by reference as
2. The devite efichimridwhentsald gdkilketent diomers comppitisas tsteapplietaneidomers.
were specifically and individually indicated to be
i ncorporated by reference. [0040] Although the

3. The de¥i8¢ 8901 1 wn@ﬁt.djaﬁmmﬁh% RBmP6Esd ishedalkyl etdr. det ai |

by way of illustration and exanple for purposes’ of

clarity of understanding, it will be readily apparent

. f [ L rta.i ' f the
4 The s BRERE LAl AR AL B Bl ol

andnodi ficati ons may be nmade thereto w thout departing
fromthe spirit _or scopeof the appended chins.CLAINB )
5. A method f ZFERATINE AFHEAPE EXPRGIOH FERBLIZAIOR P} OLcE I TaRe Ripteins,
compﬁﬁﬁ gral menbrane proteins, conprising: a surface; .and
a coating of alkylketene diners doped with a
coaticg eauifage witirauaikylbetesadighes doperbwith 2 nutlsetinpainywund. f
claim1 where said al kyl ketene dimers conprises
stearoyl ketene diners. 3. The device o f claim1l where

6. The m&@bd JTLdifRS WherLRNPEITtetese dinlra blibrides tadbRroyiketdRQlimer.
device o f claim1 where said nucleating conpound is a

di stearoyl ketone. 5. A nethod of preparing a surface

7. The m%@g@ga?‘nﬁs’éiﬁl Shrtadadd ﬁ&ﬁéa?i%g%grﬂp%ﬁ@fsaé\l dim&’&ﬁ.
8. The method of claim 5 where said nucleating compound is a distearoyl ketone.

9. The method of claim 5 where said coating is applied by a process comprising vapor

deposition.
10. A method of crystallizing integral membrane proteins, comprising:

" applying a droplet of integral membrane proteins in solution to a surface coated with

alkylketene dimers doped with a nucleating compound.

10



conprising: coating a surface with an al kyl ket ene
di mer doped with a nucl eating conpound. 6. The nethod
w@booslozismo 5 where sai d al kyl ket ene di ners conpPCBHES2084/031739

stearoyl ketene diner. 7. The method of claim5 where

11. The ﬁ@ﬂhﬁd g»K*E*a?rﬁtl'O% Q8R4 UpSliddSdrapled @'ab;?l!ied‘(ﬁi 0P @£ sdld cddred surface as
nmet hod of claim5 where said nucleating conpound is a

a sitting dropt ear oyl ketone. 9. The nmethod of claim5 where said
coating is applied by a process conprising vapor
deposition. 10. A nethod o f crystallizing integral

12. The MEMBH P E1aRh A0S REe s58APPlicd d16pleBid Rpplidito Baidrcope buice as a
I ntegral nenbrane proteins in solution to a surface

hanging doptad sandwichidigp.ket ene di mers doped with a nucl eati ng
conmpound. 10. The nmethod of claim 10 where said
applied droplet is applied on top of said coated
surface as a sitting drop. 12. The nethod of claim 10
where said applied droplet is applied to said coated
surface as a hanging drop or a sandw ch drop. 11
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