; e3enTD6Tn!i H  STABI LI ZED PROTEI N CRYSTALS, FORMULA NI NG THEM
AND METHODS OF MAKI NG THEM TECHNI CAL FI ELD OF THE | N\/EI\FI'I N Thmm"m“m Wlﬁﬂ'ﬂl
relates to nethods for the 5 stabilization, storage and delive

bi ol ogically active nacronol ecul es, such as proteins, peptides and+awekeic
acids. In particular, this invention relates to protein or nucleic acid
crystals, formulations and conpoéﬂfions conprising them Methods are
provided for 10 the crystallization of proteins and nucleic a
the preparation of stabilized protein or
dry or slurry formulations. The crystals, crystal formulations a
conpositions of this invention can be reconstituted with a dil uent %oralS
the parenteral adm nistration of biologically active macronol ecul ar
conmponents. The nmethods of this invention are useful for preparing crystals
of "naked" DNA and RNA sequences that code for therapeutic or imrunogenic
proteins and 20 can be adm nistered parenterally. The dissol ving DNA and
RNA nol ecul es, subsequently taken up by the cells and used to express the
protein with the proper glycosylation pattern, can be either therapeutic or
i mmunogenic. Alternatively, the present invention is 25 useful for
preparing crystals, crystal fornulations and - 2 conpositions of sense
and anti sense pol ynucl eoti des of RNA or DNA. The present invention is
further directed to encapsul ating proteins, glycoproteins, enzynes, 5

anti bodi es, hornones and peSTABE LAZES FAROTEITIN IGRUSTBALD,F nul ations into
conposi ti ons f BORWULADHOKA| CONTAITING t DHIMNAND MRTUHODE nalFs MARISIG GiHmy t O
this invention, protein crystals or crystal formulations are encapsul at ed
within a matrix conprising a polyneric 10 carrier to forma conposition

The fornul ati ons and conpdEICHNIGALE 1L OfF 9 VAIVENT TSN t he nati ve
biologically active tertiary structure of the proteins and create a
reservoir which can sl ovilhis dlrsasst iant ined e eic wéidieds ansr whgs it is
needed. Such pql r|c 15 carriers includ bloco i\bl e. and bi odegradabl e
pol yners. %ne sgcl%i JiZIRP a&HFE IS Mﬁ% s%ﬁa‘ée%é%’t?%?%ﬁ:%iagﬁd in a
controlled naramrivm/araca:qn@rhermhl@fs,t isuch & getarenined hept heepasndcul ar
encapsul ati on i | yner tion, .Gryst o] crysta
solubility, cr&% q‘%%%%s |nkﬁ%b o?hﬁfaﬁ?%ﬁyégﬁgﬂggﬁﬁg %% %yeikthods
are provided mm’pﬂqﬁsmmIqrzmmglpn@taqmn qnyqﬂahsm]ﬁnnmmlatsdn$oanﬂlat|ons
using phar mace! %'tm?%%lltl%glr e%'o?n?) s% e Bl eNhi. 3N 0L O @é&i&@&a?éﬁ' ating
themin a 25 polyneric carrie uce ‘conpositions and USTNg suc
protein cﬂystamef@mwMW@uuamatand odnpmnueum&sanﬂ rhiohelc cati@ppindat i ons,

| nel uding del ieryyaf LRGLIGULLS B Urei1a 130k WRAldGS - o AddiLignal uses

for

acid crystals for use in dry or slurry formulations.
The crystals, crystal formulations and compositions of
this invention can be reconstituted with a diluent for

15 the parenteral administration of bioclogically active
macromolecular components.

The methods of this invention are useful for
preparing crystals of "naked" DNA and RNA sequences
that code for therapeutic or immunogenic proteins and

20 can be administered parenterally. The dissolving DNA
and RNA molecules, subsequently taken up by the cells
and used to express the protein with the proper
glycosylation pattern, can be either therapeutic or
immunogenic. Alternatively, the present invention is

25 useful for preparing crystals, crystal formulations and



the protein crystal formulations and conpositions of 30 this invention

i nvol ve protein delivery in human food, agricultural feeds, veterinary
conposi tions, diagnostics, cosnetics and personal care conpositions. - 3
BACKGROUND OF THE | NVENTI ON Proteins are used in a w de range of
applications in the fields of pharnaceuticals, veterinary products,
cosnetics and other consunmer 5 products, foods, feeds, diagnostics,

i ndustrial chem stry and decontamni natiom. 2At- tinmes, such uses have been
limted by constraints inherent in proteins thenselves or inposed by the
environment or nedia in which they are used. Such constraints may result in
10 poor st abi kicmposti tilkasprdt eense wad apitisenssyd pelfoeabeceides hhfh cost.
I't is inperatiyg EQaPNhhe hi gher order three dinensional architecture or
tertiary structure of a protein be preserved until such time that the 15

i ndi vi dual protein nol eGbeeprasenteduivead itan per frmhdmridixedtrd fanction
To date, a |ipgLti - of .Jr, j Rasti in therapeutic
regi mens, rengP%ngHggggﬁéi ?éfgéﬁgf gﬁxﬁgaféﬁﬁﬁﬁgﬁuéﬁ%éﬁ% 'eni cal and
physi cal dénagbkabpdaeencbanmened dud pgrX( dfeldnmgtel s/ayy ousysippy oaches
have been empkgyrd)heiBYE! SAE EBRBESHALICIE! o YRYELL: LD1ESE ARPLARCES
often incur either [oss of protern-activity or the a &Ptlona expense of
protein stabi tpzhngavar rhdr sndmas . f oArgloadions .t cOrtd iap piroesstt tan over comi ng
barriers to t Ldes e . of hNS A r | enzynme crystal
("CLEC-") tec ﬁ%ﬁ%g§ Fkﬁggéygt?g g&gkg%d%ﬁf%yﬁﬁgéﬁg%P§sﬁknl Chem Soc.

114, pp. 4314enéapsodajred Bd0tSeér al metPCX pamentisdpyy iacatdlgmeric

PCT/ US91/ 96"41?%::&8?5%5“%89 €0zy 0k 8&%&% S rebal kLAel t%tr{s‘”a% in
envi ronnment s at are norna?ly |nc8npat| e wih enzynee¥unc I on.” Such
envi ronment s cowpadetpentoagkdnegppsaservatign pd fihet ewdEse or gani c

sol vent's. b obs Logperaluy e ot 06! Lenesa0( DUl SOl d QUG

crosslinked enzyne“crystal S remai n 1 nso act've.
recent progredsdi arpabeednresehviol ngyhschernanalsilpwliywe redseemshihiech are

di scussed bel [ 0.} Lm he,u .ol ogi r ecules in
i ndustry and ﬁ%%?g?%epHgﬁé'?#gg%ﬂﬁéogFezgrg%gpgg'tos%bhbg%ﬁaggg#a ility and
sensitivily ofahigbes ordéndecbioapypatibdeursd bdodegradabland physical 10

denat urati on eﬁsi%ggggrganu AE! Y15 1092001 $L06RYTyeSReORL L g Tl el d of

bi ol ogi cal d of therapeutrc proteins requires that vehicles be
provi ded whi céubeeeaset hut Fekepsedeinsa savhradlpdomeinmser glvegopr ot ei ns,

enzynmnes, antiﬁgf%ﬁéi%goEﬂR@psa n#%%§£ﬁiﬁédaﬁg?Eh@ngaQ%HEEQ%% at a rate that

i s consi stant e needs of the particu patfent or the disease
process. MacrohdipsulatBrabtechyique, polymer formulation, crystal

20 geometry, crystal solubility, crystal crosslinking and
formulation conditions used. Methods are provided for
crystallizing proteins, preparing stabilized
formulations using pharmaceutical ingredients or
excipients and optionally encapsulating them in a

25 polymeric carrier to produce compositions and using
such protein crystal formulations and compositions for
biomedical applications, including delivery of
therapeutic proteins and vaccines. Additional uses for
the protein crystal formulations and compositions of

30 this invention involve protein delivery in human food,
agricultural feeds, veterinary compositions,

diagnostics, cosmetics and personal care compositions.



Nunerous factors differentiate biological 20 nmacronol ecul es from
conventional chem cal entities, such as for exanple, their size,
conformati on and anphi philic nature. Macronol ecul es are not only
susceptible to chem cal, but al so physical degradation. They are sensitive
to a variety of environnmental 25 factors, such as tenperature, oxidizing
agents, pH, freezing, shaking and shear stress [ Chol ewt nski, M, Luckel, B.
and Horn, H., Acta Helv., 71, 405 (1996)T. 31 n considering a macr onol ecul e
for drug devel opnent, stability factors nust be considered when choosing a
30 production process. Miintenance of biological activity during the

devel opnent and manufacture of pharnmaceutical products depends on the

i nherent stability of the naghorRBReoNDEOF THED INGZENYEldN as t he
stabilization technlques enployed A range of protein stabilization

techni ques exist; includfFRteH)s /RERt 18R oERcReiE8l F2BE8LPE| zers" to 5 the

agueous SO'Ut'%ﬁ?f&c§@§ﬂﬂﬁsi@ntﬁé piet@snorFphaenabBlieicnsied States
patent 4,297,3 di scl oses stabilization of coa ulatlon factors Il and

VI, ant|trwcﬁﬁﬁ%F%W4r¥wRF?ﬁ%%%$ﬂo%%ﬁmﬁﬁéFﬁan eqtPBY saBFHBeSel ect ed

anino aci dss Wnideck S at esodaf endeds /8314403 Pidksclinagstai gt hod for
stabilizing proteins by adding surface-active substances. United States

patent 4,812, ST ST bR A9 HeAMIBRELPRbi | £5i RyMERL eFPERKEASS usi ng

human ser um algui bedhel i bR cky OfoS8€Ra IBE BOdEhEsehBalnegeBtbonBUl ation
is specific to 15 the protein of I1nterest and requires significant

devel opment effaREel{)s Mt eFety Mt HoRsCPRLAAPRANE het pReBaRatfon is

m xed with a GindH Oér&.cyz altte Ak $! OrSECRt cYREYrh OML & ORRGr AL €6 1 However,
not all proteins 20 wil]l survive a freeze/thaw cycle, c¢) Cold storage with

cryoproteéﬂhnﬂm%&khﬁqﬁhil%ﬁ%rﬁﬂI@h%IQ%%ﬁ%ﬁnsd)Vé%bﬁﬁgél W ¢he glass form

as described igeAdddethcd ehipl efds®, 098,893. In this case, 25 proteins
are dissolved in water-sol uble or water swellabl e substances which are in

anorphous or gl assy stat’d ¥ HRETRSEIVGH Hery tRedDHBRABIOFIRT t RRTSe"

stabi lization GimdHHAdIS d:5cHT@az1£k Yd>f19t@fti3£’riryg’@f*hétﬁﬁél@ﬁ &Carpenter,
J.F., Pical, MJ Chang, B. S. "and Rando arm. Res., 19:(8) 969

| ph,
(1997)]. v%enévgﬁﬁﬂﬁfQQnRﬁﬁS?ﬁYﬁQH4P§%%b$???yt%%ﬁn5?35e thehi eved in
aqueous salgut G/ AR IdZedd 00 s DYEEESs t dee NBSGu Yt ed| €o abéeEdahi ve. One

- 6 dlsadvantage of lyophilization is that it uires so hlstlc t ed
processing, i< qﬂﬁﬂ#%n%ﬁ? ErPrexpetli T(h?pghWéFlng CLRr c5PT M J.
Chang, B.S. am%éQﬁEﬂﬁﬂﬂteihéN péﬁﬁﬂéﬂli@§y 1ﬁﬁtﬁ§ia§§@tid9ﬁédlméﬂs5

l[iterature cited therein]. In addition, _if hilization is not carried
out carefull y,rerﬁ‘t?sltnsprté‘;ér%ﬁq%‘é‘r%yaq I%’é% egﬁrﬁ’élll?tiuﬂ%n%‘?ur ed by the

freezing and delendradl ehdtmbssaial edgelniglen dheoniesetédi sutirguently
irreversigb re atlon of a 10 portion of protein nolecules, rendering a
formul ati bl e for parenteral administration.

Various approaches have been employed to

overcome these barriers. However, these approaches

often incur either loss of protein activity or the

additional expense of protein stabilizing carriers or
25 formulations.

One approach to overcoming barriers to the
widespread use of proteins is crosslinked enzyme
crystal ("CLEC™") technology [N.L. St. Clair and M.A.
Navia, J. Am. Chem. Soc., 114, pp. 4314-16 (1992)].

30 See also PCT patent application PCT/US91/05415.
Crosslinked enzyme crystals retain their activity in
environments that are normally incompatible with enzyme

function. Such environments include prolonged exposure



The vast majority of protein formulations produced by the above-described
techni ques require cold storage, sonetinmes as |ow as -20C. Exposure to 15
el evat ed tenperatures during shipping or storage can result in sighificant
activity losses. Thus, storage at el evated, or even anbi ent tenperatures,
is not possible for many proteins. Proteins, peptides and nucleic acids are
20 increasingly enployed in the pharmaceutical, diagnostic, food, cosnetic,
detergent and research industries. There ¥s-a great need for alternative
stabilization procedures, which are fast, inexpensive and applicable to a
broad range of biological 25 macronol ecules. In particular, stabilization’
procedur es ar&onpededaskhar dogavtcr ebyventishe hdgbedsinpe nadairef ogxci pi ent s,
whi ch can int e fync S iol ogi cal ronmol ecul es.
The stabllltyS% géﬁ%%ngﬁ Fgcu|EHC%§§?a|ﬂ&ﬁgg§§%3?&ésQﬁgggégﬁﬁ%ﬁgt t hey can
wi t hst and exteeayn¢octistadsi ngmahs fosodlubtieon speddes andsectliviet.ed St at es
patent 5,510,118). Forc C i ol ti I f
crystalline materi al ofBés?E??v£F§8ﬂﬁ2%F§8Fg érugsB?%EEEE F% %%gﬁ ress,
turbul ent 51 ogenerally, hwghpknbaemnscwhlicki enme, ddavivsaridobednd gri ndi ng.
Smal | nol ecul al.li haye ani much
nore stable tgé%f%%gée%#cgﬁmggnpgg g?8n8¥hggggﬁ8&§§gr®§égg %ﬁegg%%rphous
solid [Pical,iMm Industikgsang meﬁlclhang TheEfiantl Gapbéem telPBli@smtoSci .

67, 767 (197 n t C
pr ot ei ns andaﬁ%% %?%Q%C$g§%§%¥% e% %%ﬁflongﬁggrggl %ghand %H%?lcultles
not aSSOC|ateUemtxhrsnatruQDUEeﬂlés cnemanlnbsd physhcslcentury, science

BT clde daweahiafoh OqaPiXe hlSuPEEPLELET AREOKLEAGE! NOULLRLY 2

useful formto I'CS ave been to SO SONE o t he
probl ens of stmglfleydamﬂ biological delivery of thatapeoteéecn. For exanpl e,

15 Uni ted Stales: dAontegnPPOs 20 1e56h1 BessIBE P38y RheARRRARUS Tnsul in

conbi ned wi t h'an apsorbiron énhancer e sol te rasul’i i was
excl usivel y aneiphousnabieeimrotasnshosmchyaa pobaeined Ilght m cr oscope.

densen et al o foeBIeGloliat edhl Bl i N E0oA0.20 AESALRLLON Gagager for

use in respir ract delTvety i Nsu t &ppltcati on WO
98/42368ﬂiﬂ*ﬁ@%d$fED@bB@Pbid@ﬂ ehhanc@temahaue$$ibedsastansuwiahtant such

as a sall of ehdAidyaacsl O bitecsnlt. phpsubinoruabala 0l L ess than 10

25 mcroneters in er an acki Re Wer e uce Havel und
(See PCT[xﬂeprQﬁﬁﬁlcatlon WO 98/42749). Slnllarly crystals were al so
produced in the presence of surfactants to enhance pul nonary

adm nistration. 30 To date, those of skill in the art recognize that the
greatly enhanced st abi |INagremoldeulbe \Stalbilhbvstate observed for snal

R gehee, DR . Pharm  AREtquf Bhek o ol s FRELIER EEDERIOAER B ot
suspensi cifs gfaargmiddukes | fisom i corvenohvyal| ciygmigahvertstagse (to the
degree of a faghpry ff&%ﬁo%erlﬁg{bc é\j%poggkg,g ééﬁpg 99%“ % irmr phous

phase [ Brange, und, S. and Phar m
Res., 9:715 @m&h@thlkﬂtnﬁiumﬂlciMﬂQﬁQmOlsﬁmm¢$|§ed ambrghbms insulinis

far nnre sta %th DR Linge Lp.ypdg @4 g?ltions
i nvestigated }%\%{ dﬁﬁil&% ﬁ% S F?H% f?es &1 %%gg 1997)] .
10 Unti | nowafQM mneatsenﬁ:,l@fve;rmt@wamebym@mvha«mm@e‘eaal avai l abl e only
for very Id2 - r t f less than
10, 000 Daltons. ecu ar ﬁ%?g ﬂ%é%éﬁ%ﬂ% ? o%ghgg ;?%bertles of
nacronDIeculd@eezmngnhsﬁphlhqrﬁnd sk&ann@t%@&ﬁafCh@lQWEQShydth»on
viscosity, dif o nd, stabllit + Canbor, R hi mmel ,
P. R, Biophysic J#éé errl% stryd, %ﬁ?’ g-}'e’ea'zt%'écjtl e = (v %k(?‘%ggg’f

In considering a macromolecule for drug development,

stability factors must be considered when choosing a

30 production process.
Maintenance of biological activity during the
development and manufacture of pharmaceutical products
depends on the inherent stability of the macromolecule,



SUMMARY CF THE | NVENTI ON 20 We have found, surprisingly, that biological
macr onol ecul es which are not stable when held in solution at anbient or

el evat ed tenperatures can neverthel ess be successfully stored in dry form
for long periods of tine at such tenperatures in 25 crystalline form As a
practical matter, five aspects of this discovery are particularly

advant ageous. First, crystallinity of stored materials is very inportant,
since large scale crystallization can be-i mtroduced as a final purification
step and/or 30 concentration step in clinical manufacturing processes, such
as those for manufacturing therapeutics and vacci nes. Mreover, |arge scale
crystal lizati omscaie ¥le@sadd e @habsfl itzied Liouy itfa'qmtiiqmi$t@pﬁdmad heA g _
manuf act uri ng QI?EE§%mEFQ%E%@%“@H%bﬂTﬁ%&%ﬂEDFQ%ﬁﬁﬁb. n streantine
t he production o proteln fornmulations making it nor for abl e. Second,
macr onol ecul ar imelexddadgi:ons which 5 occur in sol ution are prevented or

severely reduced in the ¢gnystald4;ne 5t atre «hdts 0 m@@gg%%iﬂgfgw ction of

all reaction rates. Thus, the crystalline state is uniquely suited to the
storage of #i xtt@;eeecmeomsmsegtuealonrr@@r Sshshensien. of0 pHutredn solFak
crystalline pr on Igl NSt itguit t ready to
use parenteral %?%F%}I at ?Jg%?éﬁg{g;lt%%% art%?ﬁ 2 rztg;# :%%%eﬁnlce%ﬁt E'zaie[sleon Such
protein concenﬁtatudnga&n@nc@ﬁscdegedat@Obefp@ﬁbﬁ@uﬁdﬂamdﬁ%ﬁlﬂ where the
15 formul ation f t rati at ent
application V[)b%f&%gg%gﬁng? su #&%§§g§%§%n1ng??%a?ig%%ti%ﬁgccﬁiﬂéé)
vol umes of 1. SSmle@rteIdegmlapeamtiB t oUed&edd Stalies, phdrentr dt, 681 44iat are
dosed at 1.py/ Kk b L t t | east
50 ng/m |%6?e§gfgg gggglbétggs §8}nf@ﬁglgﬁgkﬂgrggg%%hé%ebggnceﬁgtat|ons
are difficult svrdekiecectiinel isybstiahoesul abnoted dtleties thdeeadgr egati on
probl ems. They 4¢84 2035l 10818685 CuChekRobinoe! KEkalihing Lor mul ati ons 25 of
this invention. 'Fourth, protéin crystals also constitute a particularly
advant ageous f@nmeﬁ:éueupmar&auemngcaumdosageupr epapatingn. Thleedmawaajls rray
be used as a bagi %ufc?}lr mé't%’d%eHgaﬁﬁafc%HPhatfb%ﬁlb'Ei}éhY‘ls é-[?::etél
skill in the art wll appreciate, particle size I's of inportance for the
dlssolut|oh5oftbﬁy9Iatslaan neteasetoanécregp@yeSIsigeiéﬁs@nknomn that the
rate of relea5ﬁe5§lggﬁgng g?%BE@Q'e if the crystals have substantially
uniformparticle siz 0 not contain - 10 anorphous precipitate (see
Eur opean patent Q 265 21B). THRusezplbhavnmeihedsl snnapikd &#eant ageously
used (see PCT Bacgata@pphi ¢3! hofedlQ,26440049)0pPBEARLAR! BbLe sdBulaces.
| mpl ant reservolrs are general y on the order 250 ul. Wth this
vol une restri céFoMers ﬂ@WnﬁEEPE@ﬁtbreﬁrth@UﬁEeﬁtraptoﬁl@gpeaﬁéﬂnﬁhan | 00)
and a ntnlgynt@gggnguggl§gsge@§é Qeygﬁg@l@yb§epreferred Protein crystals
of this invention nmay be easil ornu ated” 1 n non-aqueous suspensions in
such 10 high concentrati®hs. ﬁPi@hStﬁﬁegﬁerhbvﬁﬁygaeoeﬁceﬁ9§taIs i s that
certain var|abggalgggebenggﬁh@ybagg?cépoﬁndulate the rel ease of
macronol ecul es over tine exa %stal si ze, shape, fornulation with
exci pients that 15 effecg) d|S§b@H@ggnlnct §sULARBNEOTMevEF BFSEX4®Ed nki ng
and encapsul at tH“UhBEQdaSEQEw%iBaH@ﬁE'B 688, @é?x bergapppyl ahgd,t o produce
delivery vehicles for biolo mol ecul es.’ Eresent I nvention overcones
t he above2®5deBEPLEBEAS 0BEEa t§§0bye@npmoyahgrrﬁe wbde erabRéEekor m

swellable substances which are in amorphous or glassy
state.
e) The most widely used method for the

stabilization of proteins is freeze-drying or

30 lyophilization [Carpenter, J.F., Pical, M.J., Chang,
B.S. and Randolph, T.W., Pharm. Res., 14:(8) 969
(1997)]. Whenever sufficient protein stability cannot
be achieved in aqueous solution, lyophilization
provides the most viable alternative. One



of an active protein, the crystalline formand either (1) adding

i ngredients or excipients where necessary to stabilize dried crystals or
(2) encapsulating the protein crystals or crystal fornmulations within a 25
polymeric carrier to produce a conposition that contains each crystal and
subsequently allows the rel ease of active protein nolecules. Any form of
protein, including glycoproteins, antibodies, enzynes, hornones or

pepti des, may be crystallized and 30 stabifized or encapsul ated into
conpositions according to the nethods of this invention. In addition, the
nucl ei c acids coding for such proteins may be sinmlarly treated. - 11
The crystal s) dadeEmHpsyl divsbhisl impalomri et yhat pbl yegnicesarriers

having uni que Janerties Sidahle dialg 98l § Vel Loflblihghgntnand speci fic

environments or for effecting specific functions e of dissolution
of the conposﬁmnﬁﬂﬁkﬁﬁi[Qaﬂﬂﬁﬁﬁﬁma e i verical, thedJact Cranpr oBeBn can be

modul ated by vary g Alr 8 7€ ey Mate COMDBL (5PN B! Y8BA) ang

crosslinking, crystal crossllnklngT_56T7ﬁﬁT—Th|—Rness pol yne
hydr ophobi &i t y1tgss1abiere @iy lthiayiedin lor Jlﬁpﬁﬁ@hﬁioéoluﬁlllty The

addi tion of i AgRMiantsQloreXd moecntc%ﬁﬁédﬂeo&iyfa%fuﬁ L hg,ppesent

i nvention or the encapsulatlon of protein crystals or sta ornul ati ons
resul ts in fuptie@eratdsing 23 @t dfeastie plam@raallev deonteredepy. BRI EF

PESCRIPTI O OF T RAWAGE gt L oispiails dhe kel eling qiabi Ly of the

foll ow ng nol ecul ar states o i pase: crosslinked anor phous,
liquid, crystaesiié ils Zrepgendlyanirs egeinasimle crogeegalkien coysaal line in

20% organh g sglyenlty, ¢ ot’é‘iﬁxdgn%ﬁ%%ﬂﬁ'és' “E‘r%’i‘lé%oié%? A g&gﬁhﬁuf%ﬁ’?ﬁte

("Xl'inke ppt" enotes cr ss in precipitate eprcts
specific actlun@¢Q@pt2@l§oﬁ@ml@atﬁpaggadvenhnmnmﬁtﬁatmbna Figure 3 depicts

the shelf stabilities ofpyli I hod 1 at
40 C and 75% hum dity. Tllgiegﬁlr%%%4 ﬁ%ltrgtt ﬁcgetlffﬂgtf%fﬁl es o% 30 |ipase
cryst al fornupapd@ﬂ§ddkn®&hbyab@NHodegcmubﬂﬁ(IQﬂhhiHW@SuMEQMIye_G@@@re_5
depi cts Ilpasgtgggggalgothqﬁkgtgg thhagpLxﬁprIFatégﬁhgg% olnitial time

0. - ure depi cts ase Crystals fornu polyethylene
oxi de aftép |ﬁé@ﬁaﬁﬁdntﬁ@Pexéguﬁaysdaﬁl@@ Gremp irsyodurd Wingge Rigure 7

depi cts human, gepym %b‘é'iﬂgﬂl‘f 5 %3 ha! Bt qurtrpﬂl%sesdeyv' thpgel atdf,atgd ni tial

time 0. Figure 8 depicts human serum al bum™n crystalsforrrulate W|th
gel ati n afteratnedBy¥eited f or eveaysmyiehd ¢emRAKrat W efopild 2ehe specific

activity of 190§ghgqgef8§nhghblbgoggxbgse over tinme at 55 C
Proteins, peptides and nucleic acids are
20 increasingly employed in the pharmaceutical,
diagnostic, food, cosmetic, detergent and research
industries. There is a great need for alternative
stabilization procedures, which are fast, inexpensive
and applicable to a broad range of biological
25 macromolecules. In particular, stabilization
procedures are needed that do not rely on the excessive
use of excipients, which can interfere with the
functions of those biological macromolecules.
The stability of small molecule crystalline
30 drugs is such that they can withstand extreme forces
during the formulation process (see United States
patent 5,510,118). Forces associated with milling
nanoparticles of crystalline material of relatively
inso;uble drugs include: shear stress, turbulent flow,



Figure 10 depicts the shelf stabilities of various dried Penicillin acyl ase
crystal fornulations at 55 C. Figure 11 depicts the specific activity of
15 sol ubl e gl ucose oxi dase over tinme. Figure 12 depicts the shelf
stabilities of various dried glucose oxidase crystal fornulations at 50 C
Figure 13 depicts glucose oxidase crystals 20 fornulated with lactitol at
initial tinme 0. Figure 14 depicts glucose oxidase crystals fornmulated with
lactitol after incubation for 13 days at 507C-. Figure 15 depicts glucose
oxi dase crystals 25 fornulated with trehalose at initial time 0. Figure 16
depi cts glucose oxidase crystals fornulated with trehal ose after incubation
for 13 days at Soglc immagureo bl sfephet scevichpsiPat eddcpodsbinked SMaddzyme

crystals of |ipasgdipi %’fﬁ%lii&ﬂ@sé‘om LaHas ﬁ§yge%%sr@esaa§e%§t% _

uncrosslinked enzyme crystals of |ipase from Candi da rugosa. = - Fi gure
19 depicts enc RN ATRECE UL | i entoverér goemisasdf drenpepLiPR Abphase

from Escheri chig,£Qbdrreddit sh P OatloRb k6 Ss eB6apgul at ediunar gs5! Loked S
enzyne crystals of Penicillin acylase from Escherichia coli Figure 21
depi cts encapsutdted ledbs|d ke PR Z5Fenes ysdal Bharhgl §edse O¥i dd§é from

Aspergi | 1 us ni gero7gl0 Fi G 22diepity s P§§9§EEaB§dm§?§BH6§%gﬁg@Q,enzynE

crystals of glucose oxidase from Aspergillus niger ure epicts an
encapsul at ed agBuSSIRFITLIgES (BTG 0vst ] akedaehd§mepeegsnal sdditippase from

15 Pseudonnnasgﬁgﬁg i | : SRy C k : stal s of
| i pase from Pse orr;ér?gss E!(;Hecg;ﬁ:liefaj%?14:DETAI (I'g_"r1;|'531(lletE']ES%:QRléIéD!‘:I'Ih %ﬁ@%ﬁ%ﬁé”?ﬁ%{m ON In

order that the Mahastliesn herein described 20 may be nore ful ly understood,

the followng detailed degoriidion ¢ scised EQhthry! Nsthendesghgption, the
followng terns are enpl oyed: Anorphous solid --"a non-crystalline solid

form of protei MeXEHEY ey & diferebd-Q ALV anBR pHRESL2EMpP EcPHPY &8 ERIhI ch
has no nol ecul amdAtity] G& o MASMIE form to diabetics. Attempts have

been made to solve some of the problems of stability
and biologicql dglivery of that protein. For example,

15 United States patent 5,506,203 describes the use of
amorphous insulin combined with an absorbtion enhancer.

The solid state insulin was exclusively amorphous
material, as shown by a polarized light microscope.
Jensen et al. co-precipitated insulin with an

20 absorbtion enhancer for use in respiratory tract
delivery of insulin (See PCT patent application WO
98/42368). Here, the absorbtion enhancer was desribed
as a surfactant, such as a salt of a fatty acid or a
bile salt. Insulin crystals of less than 10

25 micrometers in diameter and lacking zinc were produced
by S. Havelund (See PCT patent application WO
98/42749). Similarly, crystals were also produced in
the presence of surfactants to enhance pulmonary
administration.

30 To date, those of skill in the art recognize
that the greatly enhanced stability of the crystalline
state observed for small molecules does not translate
to biological macromolecules [Pical, M.J. and Rigsbee,
D.R.{ Pharm. Res., 14:1379 (1997)]. For example,



characteristic of the crystalline solid state. Anti-sense pol vnucl eoti des -
RNA or DNA which codes for RNA, which is conplenentary to the nRNA of a
gene whose expression is intended to be inhibited. - 19 Aaueous-organic
solvent mxture -- a mxture conprising n%organic solvent, where n is
between 1 and 99 and n?6 aqueous, where mis 100-n. Bi oconpatible polyners
-- polynmers that are 5 non-antigenic (when not used as an adjuvant),
noncar ci nogeni ¢, non-toxi c and whi ch are gt ot herw se inherently -

i nconpatible with |iving organi snms. Exanples include: poly (acrylic acid),
poly (cyanoacrylates), poly (am no acids), poly 10 (anhydrides), poly
(depS|peptlckéqu%ﬁn§/%Qﬁ@%@%}o@ﬂc@fa@rﬁﬁt@l iretivsatiy) ave pnAy pol y

(1 actic-co- gl%ﬁ f‘%&)e oL+ G &9' é&? ﬁ&f Oéfbgtfx&\{;?} oeowo

(caprol act one (dloxanone ene glyco
((hydroxyproﬁﬁ%ﬂnQQﬁﬁﬁ§pQﬁﬂtmg %Mﬁgeﬂﬁﬂ?%%ﬂ@ﬁﬂﬁﬁ?ﬁ@@@hazehefe pon (ortho
esters), pol y[lgf/amy% a&CO@Aa kfgézy (i nyﬁmm&adoge)anga}zgihﬁd

anhydri deal kyl vinyl ether copo ners | uroni ¢ polyol's um n, al ginate,

cel | ul ose Jand: -celBhagie Rixgival (¥392lgen, 1% | B¢ nsofeiastatehyal ur oni c
d, 20 ol
aci ol i 9eRAALANi ALS- 5 m&,%g&%m()}ggé}lypf@sls%E%@Pepeéyﬁ?gcerlmes

bIends and copolyners t her adabl e polyners -- ners that

degrade by hyldichidiizast aarsibdllizg iormubDayradiay onl Lapondi hevrsogenous - -
occurring pri e rty cie fraf ge - - degrading
evenly throu %téttlhgaété#] [rrP;j?C%t rlJlI xj oarw% CO l?ér)\%trgnr@oT n@c‘i‘%‘ﬁ—pr ocesses.

Bi ol ogi cal nﬁkﬁzuwﬂkﬁuﬂ%?Q (H%l)dgi cal pol yners such as proteins,

deoxyri bgpucl ei c aci ds ({[iNA ﬁ%ﬁéﬂ%%gﬂd#g%{éﬁg(b {? o For t he

pur poses of this application, ‘ol’ogi cal macrond es are %l so referred
to as macronwiredigies h@wmndedm awdniadale Gmﬁ)bsﬁcm orery simylthange in the

chem cal compeRsli$Of d. 'be eﬂ}"dlﬂé&'l{?mlth m&i%c@l‘ﬁf%’é‘f’é aof’: a%@%n or

nucleic acid crystal or stal formulation that affects es ity or

rate of di ssé&hami df,¢0G Hlaald-'rqrsﬂ al Mogsinan wedikdigads mumfd)r ce -- any
change in 5 fa9lons Hf Hhe ﬁBﬁéM@“toﬁ%J&‘Hi@lr&tﬂ&fOtﬁké‘l@cﬁu%'c' eic

acid crystal or crystal fornul"ation under conditions of use, such”as,

changes iR mé&ieddi S@CIRMSSIAHUE A HOICH URSS| th.\/\ﬂé'aé:rid)rhegé?t?rwlth\/ol ution

Stirring, certidsidgad, Ohod il Hiha REMANIGY. 1AMdA IOk Ak fil tration
purpt ng. Schimmel, P.R, Biophysical Chemistry, W.H. Freeman and

Co., New York, 1980}].

SUMMARY OF THE INVENTION

20 We have found, surprisingly, that biological
macromolecules which are not stable when held in
solution at ambient or elevated temperatures can
nevertheless be successfully stored in dry form for
long periods of time at such temperatures in

25 crystalline form. As a practical matter, five aspects
of this discovery are particularly advantageous.

First, crystallinity of stored materials is

very important, since large scale crystallization can
be introduced as a final purification step and/or

30 concentration step in clinical manufacturing processes,
such as those for manufacturing therapeutics and
vaccines. Moreover, large scale crystallization can
replace some of the purification steps in the



Conmposition -- either uncrosslinked protein crystals, crosslinked protein
crystals, nucleic acid crystals or fornulations containing them which have
been encapsulated within a polyneric carrier to form 15 coated particl es.
As used herein, conposition always refers to encapsul ated crystals or
formul ations. Controlled dissolution -- dissolution of a protein or nucleic
acid crystal or crystal fornulation or release of the crystalline
constituent of said 20 forrmulation that i controlled by a factor sel ected
fromthe group consisting of the follow ng: the surface area of said
crystal; the size of said crystal; the shape of said crystal, the
concentrati on mﬁmeﬁ@fttpmmg demﬁﬁ!\%&t-t Eoe expmiekeanprobeime of exci pi ent 25
conmponent s; t s.and

conbi nat i ons t er eo ﬂcgé%lo ymern ?;’-t%&g%ﬁ% %I?rg efc\?\ng;?ﬁgfrﬁeo han one
nonomer speci eXot@ystEprmul phieorfome loifing Het sudiel sffvedabl80 matter, which
is distinct froma secor‘gﬂectd:l{d"n 'ﬁaé]{b@néﬁ@ﬁ S SPLL 4 ﬂ §'w1gé(t§t al s

di spl ay characteristic features I nc Ing a lattice STFUC ure,

characteri $ti ©oahapes Frl Wptdre & r e rropsraritesd suchsederelfy acedweed nilex. A

crystal consi st t t
periodically i r?%t %;reﬁt%?rlel%{s% gsgcgée%(f Qiéﬂe %Ebﬁ rcgt{t f%ﬁ%clfeur%édltéﬁ;@? gf

ed., MG aw Figll ra\ae:/tzlm Kategs2, Thusl. thee Cm‘}ys;t@lbirm sttm:q)rlesent

i nventi on may e_L &GP LI r%%tg djtemggtr dpodies, 5 therapeutic

pr ot ei ns, co ing for s proteins ying of Protein or
Nucl ei c ACI d Gdydios ls:a-lr @rﬁﬂmmOdIeQNd-te@r organi ¢ solvent or liquid polyner

by nmeans iy cIudln dryi h i r n

d?/yl ng, | y@phl i thl o% nI\‘:?\1/{;11\2"?# nd;g\;%'\nltqﬁ ({'gt:y\%o aaltlﬁr}e g%gegfﬁrcajtgoq%\%g% 3}/?eomed by
evapor ati on ofeaﬁhéysmamstl&utada;t@r geinerdtie adadpe twodse Typical ly,
drying is a?“?%‘f%% G i DR %ln% BecA f‘i‘réxf fir?&fbgce‘i%"‘“er Dryi ng

may be carrie out passing a stream ove t” crystals. The gas
may be sel ect @@rrfqe@rhrtdtewglr oupuchn pirottiedq @ton%mmﬁgemnsarm hel i um

carbon di oxi de,,ai;k e@e&@@?&a&a‘a‘}@ﬁcﬁﬁ% es,f Stslglfg‘_?lgtvt &AMyt -- an anount

of a protein of Ridei ach St al rmul ation or 20
conpositi a8 offOtrmudaltmpéhtJtSorinMﬂnGilﬁldl § ogrf fse@tqut@nezpua eat i mruni ze, boost,

protect, repai, ng‘ihfl@%tr%?édlfo\ﬁ thee ul@jcq.cbac&renacr ]%gglq_élg)d Wo 1S administer ed

over some perio Enulsitier -- sur e active agent whi ch 25
reduces i nterﬁae‘loélsotlénm Eﬁm@tlh@éﬁap@pyﬁeﬁdéwiﬂrmtdt@,n lgviesttalan and a

sol ution. For guhakilans on GPHAL 8N 186 sNUekeie1aCid 13, T aiy ati ons)
--- a conbination of the protéin or nucleic acid crystals of this invention

and one ‘or 30fm¥r Profgied dhes ereedospients ]l merikaiony asmgekd vand

bi oconpat bl eyRGL¥MRI $roEk3MP e cRh tE4EH BRERIS a3 8 ARICTHPRY /m) Lihe
Handbook of Pharmaceutical Excipients, published jointly by the American

Phar maceut i caFef¥dsedaginen 180¢ 20Re MoK aL miSe PrESAI IRsbi effhesle Great - 17
Britian For LBACRARRERSSHAl okl &:2RELLER keNackiuvBIial 1qRsid el ude

"crystal fornulations”. "Furthernore ornul ations” include “protein or
nucl ei ¢ aci d épyBhaptiensul duicoke" ! the aggregation problems. They

can easily be achieved in the crystalline formulations
25 of this invention.

Fourth, protein crystals also constitute a
particularly advantageous form for pharmaceutical
dosage preparation. The crystals may be used as a
basis for slow release formulations in vivo. As those

30 of skill in the art will appreciate, particle size is
of importance for the dissolution of crystals and
release of activity. It is also known that the rate of
release is more predictable if the crystals have

substantially uniform particle size and do not contain



5 Fornul ations for decontam nation -formul ati ons selected fromthe group
consisting of: fornulations for decontam nation of chem cal wastes,

her bi ci des, insecticides, pesticides and environnental hazards. 10 Cene
therapy -- therapy using fornul ations and/or conpositions of DNA coding for
a protein which is defective, mssing, or insufficiently expressed in an

i ndividual. The crystals are injected into nonproliferating,tissue_ where
the DNA is taken up into the 15 cells andiBxpressed for a period of one to
si x nmonths. The expressed protein serves to tenporarily replace or

suppl ement the endogenous protein. Cene therapy can also serve to inhibit

gene expressi GRBPHIEYiRK G Rty eif@e HUTPRERN gedkedti ent&Pi 6h4P ever sed
relative 20 tails PIRLE &Ydthals aly SRS VEINE §SoRE DHUEEEQI NskievO.

d ycoprotein -- a protein or. peptide covalently linked to a carbohydrate.
The carbohydr & RALHE ARPIFSATE BT ROPusEL 67) ol PyokBRtMAERBES. 25
Hono- pol ymer e 2@ Y Meimpg g Wdde rarosi | £ SIONONEF a BPECHESthe order ,

| mmunot herapeutic -- a protein derived froma tunor cell, virus or bacteria
havi ng a proot &ifn Zctd3H At -of RIfduditig protrd i RSttt @5/ t® said tunor

cell, -30 vir %,rnﬁfla%@rﬁrdﬁ;higm: ipREeitheraRaut | fr &Bye Per s Dhej er ed
directly -- as a protein or indirectly -by injecting DNA or RNA which codes
for the prote@id EPniifciHer ageunitc & IndsHeds IR prdi ke oS gl ycoprot ei n

cytokines or pLpuReredl.| ®otdifulatlamhls ofl&nidolralesonhhsd ki nul ate
the i Mmune systemto reduce or_elimnate said tunor cell, virus or

bacteria. Liqgegigel yremulateg dn POHI-@ IR FHHIRRNS kool ire$dChsuch as
pol y- et hyhgnenglgrc londRE@ratiibnishe 5 absence of aqueous or organic
sol vents. Macronol ecules -- proteins, glycoproteins, peptides, therapeutic

proteins, DNA or RNA nolfddihes angghgad asiVaRdAdn tfr f1%rtals pkotEhator

nucleic acid eky¥hahs vafr iGhi gkl aho bRl igNs ed & & HMASI 4 ONEn 8By be
appropriate for a variety of nodes of adm nistration. These may include

oral , parent efgleasghedt BIEEGHO el aFeRES, YlawnddE a¥amRd@si onal , or

topi cal adm nigkisakiloRizAl,t 8hRRk, VebYmunueieint WAt &Iy @t SByh e
covalently attached to gold paiticles, 15 or other carrier beads, for
del i very #8 n8ApeSti FdEEOILNG 1PNs s GESSSEdR KdP Ihud @l i KEP TN KLRY .

Naked DNA -- gnpoBheBbiseakitAgn AeRbNhegbalme RRILHIUCILQt iHde Wi ch codes
for a vaccine antigen, therapeutic protein, or imunotherapeutic protein,
20 which may Bendpadatedety PrakBget 8ea iyedotv@hignies ey tip o scal
replication cgapetantspl asmd. The DNA is free fromassociation with

transfection facilitatin% proteins, viral particles, |iposonal
formul ations, |ipids andR€aPERSRPShOEFRELE OFr SUSHICRI I HyRLe25 Naked

DNA vacci pe - degtysbalis oBbtPihee0BiyngmbebyaneatHaenct i0RIbIY BoMACCI ne
anti gen and an _i nmunot her apeuti ¢. The vaccine _i.s i nj ect ed i

h to
nonprol i f er at Phg2Pi §§Eé"ﬁhBF8tFHE' DRAS; STYskértLdps foFm r?élcgétlﬂ'sh%d

expressed for (a)padd@dgofingredientsXof0RkSpidd tevH¥IE eicceddr grvst al s
may be covalently |linked to gold particles to aid in delivery to the site
o]

of ~adni ni st r afFBRILERGaAFdedoFY¥ALELS- OFny 2d o PRERP VL ATdMey ddtis ori gin,
including |iggkdtBohymerysandsmb¥t HE@8tal formulations within a

25 polymeric carrier to produce a composition that
contains each crystal and subsequently allows the
release of active protein molecules. Any form of
protein, including glycoproteins, antibodies, enzymes,
hormones or peptides, may be crystallized and

30 stabilized or encapsulated into compositions according
to the methods of this invention. 1In addition, the
nucleic acids coding for such proteins may be similarly
treated.



- 19 thereof. Organic solvents suitable for the present invention include:
acetone, nethyl alcohol, nethyl isobutyl ketone, chloroform 1-propanol,

i sopropanol, 2-propanol, acetonitrile, 1-butanol, 2-butanol, ethyl 5

al cohol, cycl ohexane, dioxane, ethyl acetate, dinethylformam de,

di chl or oet hane, hexane, isooctane, nethylene chloride, tert-butyl alchohol,
tol uene, carbon tetrachloride, or conbinations thereof Peptide -- a

pol ypeptide of small to 10 internedi ate nbl ecul ar weight, usually 3 to 35
am no acid residues and frequently but not necessarily representing a
fragnent of a larger protein. Pharmaceuticallv effective amount -- an
anount of a protein or Abel erysieildsdr watyabeorensapstinlatiesd fugind ati on or

conposi tion i L ff ecti - r.eat. C it | 5 i\ ani sm
o ahom 1 11 6 Bhar s Ear ES LYHEFE, FaRa et s MV bl il RipREp REgen S
exci pi ent or exditpbéet Sor' deddivediyngoplafferent eald isppaEdiiants or
excipients. 20 EyehRkents backuge, Fat axamisac idie fallanae, Adl fying
agents acetic acid, glacral acetic acid, citric acid, Tunaric acid,
hydrochl orbc a@eie, odi Basedlhgdrochifothe gomposwllicnsacrd, Mingiefacid,
phosphori ¢ 25.8¢iderdi byt edcPRASRYET ke oaeiidy ol HY ifoififhed 3y ari ¢ acid
Aer osol propellTants butane, dichlorodifluoronethane,

di chl or ot et r abbugioet hagetailsehacanpplymepagemp®@ition, polymer

trichl or ononof et hane Al Lsp o I .di.oxi de,
nitrogen Al co %ﬁgégﬁg%ﬂﬁﬁht§*83g§?ok?§§] gh%&&?é,%%gﬁﬁe?bﬁgggh§§#g§etone,
sucrose oct acpbaymes AyKabpbhbhjgcapggnt posymenrg caysdiaild isdlty ican, ammoni um

car bonat e, ~di am .di. Lsopr opanol am ne, potassi um hydroxi de, sodi um
bicarbona%g, gé%?ﬂ%&bg?gﬁgfggggfunlcarbonate, sodi um hydr oxi de, trol am ne
10 Anti caking agents (%ke gtddhmnoh Aft ihgaridignagemdirs excipients to

the crystals of the present invention or the
encapsulation of protein crystals or crystal
formulations results in further stabilization of the

15 protein constituent.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the relative stability of
' the following molecular states of Candida rugosa
lipase: crosslinked amorphous, liquid, crystalline in
20 20% organic solvent, crosslinked crystalline in 20%

organic solvent, crosslinked crystalline without
organic solvent ("Xlinke ppt" denotes crosslinked
precipitate).

Figure 2 depicts the specific activity of

25 soluble lipase over time at 40 °C.

Figure 3 depicts the shelf stabilities of
lipase crystal formulations dried by method 1 at 40 °C
and 75% humidity.

Figure 4 depicts the shelf stabilities of

30 lipase crystal formulations dried by method 4 at 40 °C
and 75% humidity.

Figure 5 depicts lipase crystals formulated

with polyethylene oxide at initial time O.



di met hi cone, sinethicone Antimcrobial preservatives benzal koni um chl ori de,
benzal koni um chl ori de 15 sol ution, benzelthonium chloride, benzoic acid',
benzyl al cohol, butyl paraben, cetyl pyridinium chloride, chlorobutanol,

chl orocresol, cresol, dehydroacetic acid, ethyl paraben, nethyl paraben,

met hyl par aben sodi um phenol, phenyl et hyl al cohol, phenyl nercuric 20
acetate, phenylnercuric nitrate, potassium benzoate, potassium sorbate,
propyl paraben, propyl paraben sodi um sdditfmbenzoat e, sodi um

dehydr oacet at e, sodi um propi onate, sorbic acid, thimerosal, thynol .
Anti oxi dants 25 ascorbic, acid, acorbyl palmtate, butylated hydroxyani sol e,
but yl at ed hydroxytoluen@}gH§Bth9§BH%F5u l&éﬁﬁ,cﬁﬁﬁGPﬁﬁoépf éﬁﬁdﬁropyl
gal late, - Rithspdivethplankdelyde sekeexyhatbatsed garmebabissylfite,
sodi um t hiosul fate,,sufu g%oxide, t ocopherol, tocopherol s exci pient

Buf feri ng agehts?® deet® $ duBRABREY um car bonat e, ammoni um phosphat e,

boric acid, citric acidriqasti ¢ aepéctBhasphar sergfi d1bRRLASSYBG1kr at e,
pot assi um et aphosphat e, pot assi um phosphat e nonobasi ¢, sodi um acet at e,
sodi um ci t¥ atEoreer best | wetht 8esakibi 8k, 128 tdrbasi®Bes8di um phosphat e,

nonobasi ¢ sodi um phosphpi gufapsubeph&bsi Banks sedmt abhahiandryapsule
| ubricant) Chel ating agents edetate disodium e enedi am net etraacetic

. n ethyl
aci d and sal tXorE¢kg T a%%ﬁh1Se€B5%Pn@féﬁénﬂgcgﬁagﬁﬁp for 4 days at
car boxynet hylggeldal ose, cellul ose acetate, cellul ose acetate phthal ate,

et hyl cel l ul ose, gelatin,, pharnaceuti cal glaze, hydr oxypr opyl cel | ul ose,
hydr oxypr opyl nethylcel$ 9@, 2 hgeRbxypr bp§| SPeCHEL RyREEEVEEYseEpht hal at e,

net hacrylie ad dhsrpobymesil eh hybgehssl e66r Pohyekpybgnecgl ycol, pol yvinyl
acetate phthal ate, shellac, sucrose, titanium di oxide, carnauba wax,
nicrocystalline wax, zefto&ofotQ depiaranehe sRalfyerpbhlibi8ekoér bl ends,

ferric oxideyarious dried Penicillin acylase crystal formulations
at 55 °C.

Figure 11 depicts the specific activity of

15 soluble glucose oxidase over time.

Figure 12 depicts the shelf stabilities of
various dried glucose oxidase crystal formulations at
50 °cC.

Figure 13 depicts glucose oxidase crystals

20 formulated with lactitol at initial time O.

Figure 14 depicts glucose oxidase crystals
formulated with lactitol after incubation for 13 days
at 50 °C.

Figure 15 depicts glucose oxidase crystals

25 formulated with trehalose at initial time O.

Figure 16 depicts glucose oxidase crystals
formulated with trehalose after incubation for 13 days
at 50 °C.

Figure 17 depicts encapsulated crosslinked

30 enzyme crystals of lipase from Candida rugosa.
Figure 18 depicts encapsulated uncrosslinked

enzyme crystals of lipase from Candida rugosa.



- 22 Conpl exi ng agents et hyl enedi arninetetraacetic acid and salts (EDTA),
edetic acid, gentisic acid ethanol nai de, oxyquinoline sulfate 5 Desiccants
calciumchloride, calciumsulfate, silicon dioxide Enulsifying and/or

sol ubi li zi ng agents acacia, chol esterol, diethanolam ne 10 (adjunct),

gl yceryl nonostearate, lanolin alcohols, |lecithin, nono- and di-glycerides,
nonoet hanol am ne (adjunct), oleic acid (ag%ugct), ol eyl al cohol
(stabilizer), poloxaner, polyoxyethylene stearate, polyoxyl 35 caster
oi |, polyoxyl 40 hydrogenated castor 15 oil, polyoxyl 10 ol eyl ether

pol yoxyl 20 cetostearyl t her, pol oxyI 40 stear te ol sorg]C
pol ysor bat e 40, polysoraﬁqyﬁﬁ) SRS R S ég?ﬁ®$ |acetate,

propyl ene gl yeelzyifenestyesyalte, oﬁwmﬂmmla@m&seé efrendi sen st cahabe, 20
sorbitan nnnolaurate soritan nonool eate, sorbitan nonopalmtate, sorbitan
nonost ear at e, c§téar|c acid, trolamne, emulsifying wax Filtering aids

powdered cel | ul ose, purlffllcﬁﬂ—esldd GRS teATdrt AR AV Surdhih o1 { MBS
anet hol e, benzal dehyde, vani | I'in, menthol, nmethyl salicylate,

monosodi umdgl GRAYEEe cro&séragl(@ fafolenigiillige psariase | f e peroheniohia

pepper m nt splgug rose oil, stronger rose water, - 23 thynol, tofu

bal sam tincture, "vanill a, vaniIIa tincture, vaniIIin d i dant and/or

anticaki ng agents 5 cal ¢tiymrs |21c ategr i ategresiapawslid iadta;ocol kel silicon

gio%: ?gi tlgl 8 ﬁt“z%%{ %%éése | YCerd Ny RO N8 Qe o7 2RYL £NE gl ycol
niger.

10 Figure 22 depicts encapsulated uncrosslinked
enzyme crystals of glucose oxidase from Aspergillus
niger.

Figure 23 depicts an encapsulated aqueous
slurry of uncrosslinked enzyme crystals of lipase from

15 Pseudomonas cepacia.

Figure 24 depicts uncrosslinked enzyme

crystals of lipase from Pseudomonas cepacia.

DETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein described
20 may be more fully understood, the following detailed
description is set forth. 1In the description, the
following terms are employed:
Amorphous solid -- a non-crystalline solid
form of protein, sometimes referred to as amorphous
25 precipitate, which has no molecular lattice structure
characteristic of the crystalline solid state.
Anti-sense polynucleotides ~ RNA or DNA which
codes for RNA, which is complementary to the mRNA of a

gene whose expression is intended to be inhibited.



| anol i n, anhydrous | anolin, hydrophilic ointnent, white-ointnment, yellow
oi ntment, polyethylene glycol ointnent, petrolatum hydrophilic petrolatum
white petrolatum rose water ointnent, squal ane 15 Plasticizers = castor
oi |, diacetyl ated nonogl ycerides, diethyl phthalate, glycerin, nono- and
di - acetyl ated nonogl yceri des, pol yethylene glycol, propylene glycol,
triacetin, triethyl citrate 20 Pol ynmer nepbranes cellul ose acetate Sol vents
acetone, al cohol, diluted al cohol, anylene“hydrate, benzyl benzoate, butyI
al cohol, carbon 25 tetrachloride, chloroform corn oil, cottonseed oi

ethyl acetate, glycerin,, hqx Iene oI.coI .I alcohol px
al cohol , met hyl ene chl o A £ LULS ner af %%f p&anut

oil, poI yet hylcem@rlslrﬂﬂ n%glqugmlmqormyjeeﬂe &atémmarte;s pb@tpyé@nelghndol
sesane oil, ter njection, sterile mat for injection, sterile water
for irrigatio @E'Hp d.J% x:iak S&’?‘ﬁ&rﬁ &' 5-Howder'dd cel | ul ose, charcoal,
purified si i ceous eartmﬂamgmmgﬂﬂubegt@;gmdxﬂufftpwlym@hydtmatderélnE

soda Ilne tlffenln agent s genat ed castor oil, cetostearyl
al cohol , cety@ 5’% g% W%gﬁl % det"f‘asr FF ALTPERE i ODol yet hyl ene

e~ccipient staamyha@enﬂmﬂ noaﬁmbxutywmm\mhmchMuﬂéamww o tied HoiNs Bax

Suppository bases 15 cocqa butt har d _f at o]! | ene chol Suspendi ng
and/ or viscosﬁpﬁefﬁgF sithg °8gé %ﬁ?l§c§EF§ %ﬁﬁ%n32ﬂ HS al umi num

nonost ear at e, E&empa@stancpudeflpdlbenb@mymac rERging) bqntQplte, carboner

934p, carboxy | cel | se, 20 _cal ci,um. carbax t hyl cel | ul ose sodi um

carboxynethycgﬁpﬁ%Sggr g&& 2p°§§r4568@ﬁaﬁ lﬁygeoé¥ alline and

car boxynetloyl qekhhyldedeesodi polgel(bebedpepddxteni,n pae} a(téS"tezgsU)ars@:ttm

hydroxyethyl gel L dh 959 aLEILONREOPYY B! Ub23S (AR yeolic
acid) or PLGA, poly (B—hydroxybutryate), poly

(caprolactone) and poly (dioxanone); poly (ethylene
glycol), poly ((hydroxypropyl)methacrylamide, poly

15 [({organo)phosphazene), poly (ortho esters), poly (vinyl
alcohol), poly (vinylpyrrolidone), maleic anhydride-
alkyl vinyl ether copolymers, pluronic polyols,
albumin, alginate, cellulose and cellulose derivatives,
collagen, fibrin, gelatin, hyaluronic acid,

20 oligosaccarides} gl?caminoglycans, sulfated
polysaccarides, blends and copolymers thereof.

Biodegradable polymers -- polymers that

degrade by hydrolysis or solubilization. Degradation
can be heterogenous -- occurring primarily at the

25 particle surface, or homogenous -~ degrading evenly
throughout the polymer matrix, or a combination of such
processes.

Biological macromolecule —-- biological

polymers such as proteins, deoxyribonucleic acids (DNA)

30 and ribonucleic acids (RNA). For the purposes of this
application, biological macromolecules are also
referred to as macromolecules.

Change in chemical composition ~- any change
in the chemical components of the environment



25 met hyl cel | ul ose, magnesi um al um num silicate, nethylcellul ose, pectin,
pol yet hyl ene oxi de, pol yvinyl al cohol, povidone, propylene glycol alginate,
silicon - 25 dioxide, colloidal silicon dioxide, sodium alginate,
tragacant h, xant han gum Sweet eni ng agents aspartane, dextrates, dextrose,
exci pient 5 dextrose, fructose, mannitol, saccharin, calcium saccharin,
sodi um saccharin, sorbitol, solution sorbitol, sucrose, conpressible sugar
confectioner's sugar, syrup Tabl et bi nders 180 "acaci a, al gi nic acid, 'sodi um
car boxynet hyl cel | ul ose, nicrocrystalline cel l ul ose, dextrin,

et hyl cel | ul ose, elat| qui d Iucose uar . gum  hydrox propyl

met hyl cel | ul ose? ﬁE?H9 éP?uPoEEO ﬁbe@Fh?gEﬁélﬁxPHéd 66V§§éﬁe°r

pregel atini zed stpsehl i5rﬁﬂl§|ﬁ13ﬁbtﬁéta&df@étgaﬁﬁéﬂ QthLmQ@HSOQaE@t‘ém

carbonate, dibasic,calciu hos e, tribasic cal cium phosphate, cal cium
sul fate, nicroc? s@é???k%ttgmlﬁgog% Ph¥BERedCEBPPIFBEe, 20 dextrates,

dextrin, dextrose excipiep ﬁanééugﬁogﬁeaka@brae Lacgﬁ§echgﬁ§@|§gl sorbitol,

starch, pregelatinized starch, sucrose, npr essi bl e sugar, confecti oner’ s
sugar Tabl e di sTHEEYFaneS %%ea?%Vh¥%n%%PH SH?E?BE@?EEaPIPﬁ@tééPIGFose

croscarnel | ose godieit £618PeVy AL, o POEAGEEAL nf@@h@.@étﬂ@h §adeYm starch
gl ycol ate, starch, pregelatinized starch - 26 Tablet and/or capsule

lubricants cal CFRRALEERALRT WF§ceTYFh behenah@RdfBghRsafIaReaRAt e, | i ght

mneral oil, p%ﬁ/@éé\ﬂ@ﬁ%@tﬂ%}ésﬁm%@tﬁ@@&ﬁréﬂr&f@wluﬁisﬁﬂC aci d,
purified 5 stearlc acid, talc, drogenated vegetabl e oil, zinc stearate

Tonicity agent HextroRe, Eﬁ%&%&ﬁ?ﬂaﬁﬁﬁﬁntEﬁ bb@%ssW%ﬁ?%%%%@ide sodi um
chloride 10 agitation and filtration pumping.

Composition -- either uncrosslinked protein
crystals, crosslinked protein crystals, nucleic acid
crystals or formulations containing them, which have
been encapsu{ateq within a polymeric carrier to form

15 coated particles. As used herein, composition always
refers to encapsulated crystals or formulations.

Controlled dissolution -- dissolution of a
protein or nucleic acid crystal or crystal formulation

' or release of the crystalline constituent of said

20 formulation that is controlled by a factor selected
from the group consisting of the following: the surface
area of said crystal; the size of said crystal; the
shape of said crystal, the concentration of excipient
component; the number and nature of excipient

25 components; the molecular weight of the excipient
components and combinations thereof.

Co-polymer ~- a polymer made with more than
one monomer species.

Crvstal -- one form of the solid state of

30 matter, which is distinct from a second form -- the
amorphous solid state. Crystals display characteristic
features including a lattice structure, characteristic
shapes and optical properties such as refractive index.
A crystal consists of atoms arranged in a pattern that



10 Vehicle: flavored and/or sweetened aromatic elixir, conpound
benzal dehyde elixir, iso-alcoholic elixir, peppermnt water, sorbitol

solution, syrup, tolu bal sam syrup Vehicle: ol eagi nous 15 alnond oil, corn
oil, cottonseed oil, ethyl oleate, isopropyl nyristate, isopropyl

palmtate, mneral oil, light mneral oil, nyristyl alcohol, .
octyl dodecanol, olive 0|I peanut oil, persrc oil, seane 0|I soybean oil,

squal ane 20 Vehicl e: solid carrier sugareéﬁheres Vehicle: sterile
Bacteriostatic water for injection, bacteriostatic sodiumchloride
injection 25 Viscosity-increasing (see suspendi ng agent 27 Wat er
repel | ing agefPeayel BRELAAEEALLY di et hF €8ndlrenaeoRisc dite SnetRaL¥s Tnd/ or
sol ubi || zi ngs ageAtubengal kenkus) cmeréde hepzathenium erhoriflg, 5
cetylpyrrdrnrunrchlorrde docusate sod |un¥ nonoxynol 9, nonoxynol 10,

oct oxynol 9,1pe?ox@net ; pBhg oRyYSEEle a3 f hSrPreﬁ§P$o%FWe@GJfﬁyéﬁbgenated
castor oil, r@@lpf%yéu‘éo §1gers F&te PR ylgépstla@ ohﬁxllbeeﬁers, pol yoxyl 20,
cet ost earyl et her, pol yoxy stearat e, EO ysorbate 2 pol ysor bat e 90,
pol ysor bab e BOEr @REYELE HAF@t 8IS 5 oRlT ulPMaery NAUCPAEEY SOrbissh
monol aur eat &,,SEg g an nmonool eate, sorbitan nonopal mtate, sorbitan
nonost earat e, tyl oxapol Preferred |ngred|ents or excrprents i ncl ude: 15
Salts of 1) ami no acidar¥ € & @i gl utam c
aci d, 1ysine,.ASpaf agk Nga gfute%g cpgaibeﬁt g)_» @ac;la%y% r 0
monosacchari des such as ucose uct ose, gal actose e, arabrnose
xyl ose, ribosearfdingl Q@lHQSQEEmgl‘@e%h Nychhls 9RciveEt gashal ose,

mal tose, ; UC 9SeuARN ) @Pwﬁeccb%wfflz§H§BnaswaehtlegerﬁlW% dextrans,
starch, glycogen and 5) al itols,” such as mannitol, xyl'itol, lactitol,
sorbitol 6) mlembwer%wc gl ventur il Louef dby 7R vaperadarty ods theuch as
25 methyl cyglpdext rigy ySEOXyPLOPYin PaCyahedgybain a9dighikg,8) inorganic
salts, such as sodium chloride, pot assi um chl ori de, nagne5|unrchlor|de
phosphat es oirgbry uks apeh pevedsiien Beeieryeralankearum eafsésat e and
ammoni um phosphid £y SEWa) orrsﬁymg Srﬁ’éffSbeSéﬁbrﬁéd?’gu%CB&aF‘é%»SJﬁ'gt Rat e,
ascor bat e. Iactate 10) enul sify sol ubi li zi ng agents ke acaci a,

di et hanolani sleream - ofzggas over wet crystals. The gas may be

selected from the group consisting of: nitrogen, argon,
helium, carbon dioxide, air or combinations thereof.

Effective amount -- an amount of a protein or
nucleic acid crystal or crystal formulation or

20 composition of this invention which is effective to
treat, immunize, boost, protect, repair or detoxify the
subject or area to which it is administered over some
period of time.

Emulsifier -- a surface active agent which

25 reduces interfacial tension between polymer coated
protein crystals and a solution.

Formulations or (Protein or nucleic acid
crystal formulations) --- a combination of the protein
or nucleic acid crystals of this invention and one or

30 more ingredients or excipients, including sugars and
biocompatible polymers. Examples of excipients are
described in the Handbook of Pharmaceutical Excipients,
published jointly by the American Pharmaceutical
Association and the Pharmaceutical Society of Great



gl yceryl nonostearate, |ecithin, nonoethanolamne, oleic acid , ol eyl

al cohol , pol oxaner, polysorbates, sodiumlauryl sulfate, stearic acid,
sorbitan nonol aurate, sorbitan nonostearate, and other sorbitan 5
derivatives, polyoxyl derivatives, wax, polyoxyethylene derivatives,
sorbitan derivatives 11) viscosity increasing reagents |ike, agar, alginic
acid and its salts, guar gum pectin, polyvinyl alcohol, polyethylene

oxi de, cellulose and its derivatives 10 brbﬁyrene car bonat e, pol yethyl ene
gl ycol, hexylene glycol, tyloxapol. A further preferred group of excipients

or |ngred|ents i ncl.udes sucrose, trehal ose, | actose, sorbitol, | actitol,
inositol, salt8rafidgdi urﬁoé'n(jfhﬁoﬁ’é’srﬂﬂﬁesﬁjc‘# dh iz earpbic Ppho¥phat es,

citrates, 15 boraiewlGtienie, idcdudce,cia et hydanel HXistes pol yvi nyl
al cohol , polyethyl ne glycol, hexylene glycol, nethoxy polyethyl ene glycol,

gel atin, hydr of{BtASFIOTEs cy EogTs tartllﬁ’nstf’ol ude PIof M deif ke i | t
up by the 20 rapedl ttirgrtaf g@&hhia%h@@kglchentcal units. The repeating
units may be |inear or branched to forminterconnected networks. The repeat
unit is usudlly equival eFRIBMlaEIoNS LoX do SRt aminaddl oy omer . Pol yreri c

carriers -- pokyRhLI atgedst @tel%ét@acaf&@w A0y rfuP U red 5 10t s for
delivery of proteins, including biological delivery. Such polyners include

bi oconpat i bl e §ﬁamﬁﬂéﬁé@P§d§8FedﬁéPﬁﬁ@F§naﬂﬁ9ﬁx9§NEHQW9Qﬁ%rW%ﬁt%%N be a
singl e pol ymer nbype cQtelst, AR%cPRicBRESeHt idifed WrRl UnwWaloHRIntapes. 30
Pol ymers useful as the polyneric carrier, include for exanple, poly
(acrylic acid)P2g8F§¢Sccyanoacryl at es), poly (ami no acids), poly
(anhydrideg)h, poly (deprBﬁEt itﬂ@):apPOL)L tashel ﬁaal)lfd-i FpmRIatilaeic -
29 acid) or PLA, acti c-co-glycolic aci or PLGA, pon

(B- hydr oxybut r?ﬁ@é?r ﬁetngioeeélb?aﬁaeffoﬁétﬁ 5@611&91 Jf Pdidokaivsieyt hdigh

(ethyl ene gl ycgls)dem@byleéhyﬁlﬁgxyaaopb&) mtstt&qmdl@ﬂtctqﬁ e@@ir)ésﬁsed in
[(organo)phosphazene] oly (ortho esters), poly (vinyl alcohol), poly

(vi nyl pyrrol i déRe}2 HﬁPQFP -ankhar Fa¥ScRYE @FﬁyP‘%ﬁhﬁ¥“¥dﬁ6¥yﬁ¥¥§j pl uronic

pol yol s, al bunbﬁolﬂ&b@é@hn@ndlé)ﬁﬂbhﬁh’e@‘ep‘ﬂh)épm des.t A3 M@ anteeldnd ose
and ceIIquse derivatives, collagen, fibrin, el atin, hyaluronic acid,

oI|gosacchéP|d%%llal98§n?ﬁB§F§E§ f°§quE€é&°ﬁol S&h A0 Fa Moty
convent i onal n'ah@reﬁbrébatadmpkbtemﬁa@wkzatset@rQte@tp@x%rmatyalr%pllardét &M -- a

conpl ex hi gh pol r_contaj ni 15 carbon, hydroge oxXy nitrogen and
usual | y sulfursﬁﬁgfﬁﬁﬁﬁﬁs b ﬂgﬁﬂguéfpﬁﬁFﬁ&naC| ﬁ%@é@@& 5V hept i de

| i nkages. Protelss sertbi SOapﬂhtB@tl genéeéﬁprteesgloytc@;@r @ireiviglingnt i bodi es,
non- enzyme pro ei ns es. The nnlecglar melght

nzyneg hor nrones and gg %

20 range for prbERPHENEACYHERSCREpIPRES OLE eRFEG 1R FEYELS6 ei ns of
600 to 10009okiteDehéopsomSoet| sprohetnanthess sehamrniO 1&0@rlaatht:@rds inmay be
too small to be, characterized by a highly organized tertiary structure,
wherein said t¥YPary structure is organi zed 25 around a hydrophobic core.

I n one enbodi ment of thiglybyenRbtein sHch ptateuhsohapepalmelecular ME|ght
to an. a

of greater than or._eq 0,000 Dal tons, Acc rd|n ern

enbodi nment , th%?vﬁ%?%EgYai ﬂ%?%htolg §FE§PBV gﬁ ‘or @G §6659£ygr e000
Dal t ons. Accor:dapgbéomﬂm@ftcabf ecomposedbodi prigoskikaharibesul ar wei ght
is greater %Ean or equal .to 30,000 Daltons. According to. 3 further

al t er nat e #nbodi nent , h%%—%ﬁﬁggﬁ¥%¥ wei ghPot¥Mgredede iR SrSéEQ&F to
40, 000 EaltonSmoﬁcmefdspgcigs. - 30 anot her alternate enbodlnent that
nol ecul ar weight is greater than or equal to 50,00 | tons.

activity -- an activity %@ﬂ%%@gggiiEﬁﬂPﬁé gr ofpPEg ?ﬁ?tﬁﬁ&lgﬁdb ﬁEWhG
catalysis, signahbhdcedl}ransesrér Vacebber Bevivigt aeproftiech heducd td
functi onal response within the environment in which the protein._is used,

such as i nduct®bniBAUCHRGNRLP EQPBHYER, ITBRUPIEYi £Caseild HyMog, C&ti nat i ons

thereof. Pyoteviras)iyttyacebease rAheimmunbhBegupiittiy #ayobeprotein

di ssol ved per unit tine.
adminlstered directly -- as a protein or indirectly --

by injecting DNA or RNA which codes for the protein.
Immunotherapeutics may also be protein or

glycoprotein cytokines or immune cell co-stimulatory



Protein crystal -- protein nolecules arranged in a crystal lattice. Protein
crystals contain a pattern of specific protein-protein interactions that
are repeated periodically in three dinmensions. The 15 protein crystals of
this invention do not include anorphous solid fornms or precipitates of
proteins, such as those obtained by |yophilizing a protein solution.
Protein crystal formulation -- a conbination of protein crystals

encapsul ated within a polynmeric 20 carrié® to form coated particles. The
coated particles of the protein crystal fornulation my have a spheri cal
mor phol ogy and be m crospheres of up to 500 micro neters in dianeter or

t hey may hav@ci@milfisherhigh piologa tadtbe Hriwpasystehatesregyeet he
purposes 25 ofy tdliini3ld GHi @Nhumd¥ A& D, CYySi@lof opputati gns” are
included in the term"conpositions”. Protein delivery system-- one or nore
of a protein crystal fddfiidipml ieronpad?le ohlddi@rpeese spnthakiag t he
fornu!atlon<ﬁbﬁyﬂgg§yxgdghzggnﬂgf§j§ﬁﬂ§hég%t5§¥%§qnybﬁélpniﬁotgéologlca
entities or neans therefor. Protei'n [oading -- e protein content of

m cr osphees abeensdl Qfl &BEAS PPparEnbgesSpverRight of protein relative
to the weight of the dn 5 atJ ; pl : protein
| oading is froml-80;i.M}é Eoméﬁ%CJ é2£3-bfgﬁﬁféige%ggé%éﬁgggfgé'protein
from a pol ymserd icss,i dherapaidrita e ys o or Rk anoiechkesol | owi ng
factors: (1) degradati VAR SN ix- (2) . of _crystal

di ssolution within the%%tq_{/%r@efrm“ ﬂ?ﬁs(g?é%a% usi opnlto gll s%%l ved protein

t hrough the polojedc meatid Ershe sy cireidr Yoead i rethe t5nsgi $¥ usi on of

bi ol ogi caly ”%@Fdﬂ@sii'%ti%njsoﬁ B U bk it @l /301y Nl 1B 1 X5 modes .
Prophyl actically effective anount -- &an anount of a proteln or nucleic acid
crystal or ceyfstgninghradticam orThaamda Y igirwderial efpaeeniverad, prevent

a condition ihRyratiddhsOr At ShdulioBl indirly AdBLESISLRc pyer some
period of time. Reconstitution - dissolution of ‘protein or nucleic acid
crystals or erysomichdr mdmaniisty adriadongelsiaunatst val wn mppreops i acedbuf f er
or phar maceut.d.cal far mul atj0 I iHd s - : ecific
activity and}:g&%gﬁé(r%gg?éy??ese%ggﬁa aery g{rﬁﬁrﬂg ?&oom il?r%ﬁ%lée{ﬁ%{)ei n over
time incdbat od otder spedicredercisdi ticohslelSivaiv ity nonthe | oss of _
speci fic act byighy £23 8NHO% IGRAELSUdh SAC ML SHEUG W e hifomgiAe, native
protein over tinme while i'n solution under specified conditions.”
Stabilization -- the phakess DA pmreveMAMFRHECAGNI o APEREFIIERRERI Vi ty
and/ or changgg1imu3d c3RGARAN 3 IWldd & dr UM Nl Tue- Pyt ei ns, by
preparing formulations of protein crystals or DNA crystals or RNA crystals
with exci pi efiherapefgcedrotedn, or FIMURRLNGFARIUL st ARAEELN, a protein as
descri bedgab@ye chWala§N bleS op@FaHiMered ilfked ItoV NG RIGE ST a o
formul ation or conpoSition or a pharnmaceutical formulation or conposition.
Ther apeuti ¢ éﬂé@éﬁﬁg into a replication competent plasmid. The

is free from association with transfection facilitating
proteins, viral particles, liposomal formulations,
lipids and calcium phosphate precipitating agents.

25 Naked DNA vaccine —- crystals of DNA coding
for a vaccine antigen or a vaccine antigen and an
immunotherapeutic. The vaccine is injected into non-
proliferating tissue where the DNA is taken up into the
cells and expressed for a period of one to six months.

30 The nucleic acid crystals may be covalently linked to
gold particles to aid in delivery to the site of
administration.

Organic solvents -- any solvent of non-
aqueous origin, including liquid polymers and mixtures



5 include all of the protein types described herein. Vaccine antigen -- a
protein derived froma pathogenic agent such as a virus, parasite, bacteria
or tunor cell. The protein activity of such vaccine antigens is the

i nduction of protective immune 10 responses specific for a pathogeni c agent
or tunor. Crvstallinity Crystallinity of macronol ecules is of great val ue
for their storage and delivery in vivo. However, few techniques exist for
the preparation of large 15 quantities of Iuch crystalline nacronol ecul es
whi ch are stable outside of the nother liquor. Crystals of proteins and
nucl ei ¢ acids nust be handled with considerable care, since they are
extremely fragtherandl.coftrgenia hboghepropentiitehlef foul vbrt priessend wel |
known 20 in X-§aycfEyShathgnaghytBRbaL hendibiiaghbanopal ket i om
macr ool ecul ar “¢rystal's quickly "degénerat e upon dehydration in-air.

Normal |y, a crysohutys &atefall| ghiepafarmd fLrprppesodpt hepplriogpamoland
nserted into a-gaphlbhgiy LubeonfBeiiube;lusaabed BLAILLAR, Al L ighng 25
dental wax or siTicone grease, along Wth a small " anmount of “hother "1i quor
i nside to nhi nthcahaydravcéahpkePher sooxane, ckbpar aredatand Anal ysis of
Protein Crysta Leg 1 shi , 989)].
Anot her techni%ﬁ%eﬁggﬁggggﬁpgék'd§§5£¥$%%§gggﬁgé?%%%Pgéﬁlgfoé%gggéVs at
cryogeni c tenprethviese Théocrigst atsrarieupyépatedohnd, t hehuerapidly cool ed
to prevent ice L C Lon.in e - i tead of ice, a
rigid glass fo?%g§$%n§%§?%gﬁghgﬁdéi ég c%@ggﬁgﬁl§ﬁghyﬁ%f%ﬁg damage.
Crystals are then mai nt aPaptlide Z00a Kpobypertede cfysmnalldisi ntegrations

Rod : W, J ' I ds.. , + C t,
R Acadin - SxhEATa0e hLEEGUAP RNt Tusyg i 400 Jo RRERSECRl | ove
one to maintaiactdysealdueat sndef véquémrtly npehenotigecessaritsnnot be used
al Lemper al ur eseltt her  1haNa 100 theh OF | ACLBLGor GiiELERYSI Al S CAD Do

[ : wever, "t rque

prepared by |lyo izatio Is tec Involves 10 rapid

RNATYIRAT

cooling of the materi al fhetiiv

_ : i 2 el o3 ceil becYive &mewnd stabhe products.
The aqueous solybien &8 L155btL10Z6R dQ-Detueen:a40rgoda1 5L cTPeBalthe ice
is renoved under vacuum IcCe formation is usually destructive t0 the
protein crystaformielseonydel composi iBomivhick bf efjechiveanhd arBRPhOUS
precipitate. 14 iondesisable 10 PIOdUCS IBEL Dol €6Uigon 16 1he crystalline
state, that are pure and stabl'e Under” stofage conditions at anbient
t enper at ures. BUeinisteyedapverodne trrried paftimearly advant ageous form
of 20 proteins or nucleif,afi@sd0s do HEEPH Lt 0ps %iciﬁ?éﬁ@EPtics and
vacci nes. The present iﬁVE%%%ﬁﬁ‘ﬁTbvides ornulations and conpositions for
storage of crysialudieg ek oneceeil ezl anaredients| 0X pueiPLeRESOr
di spersed 3d1 G0 AEUSn SPhAEN" so FULIAI RS Cend o PRoliwgntion may be
applied to the storage of a S|nglec%|o ogi cal macronol ecul e or a m xture of
macronol ecul es that do not interact with each other. In another enbodi nent,
thi s inventi orhrgirdifiyiang ;aagent®d for rendering biological 30 nmacronol ecul es
suitable for storage in suspensions conprising replacing the nother Iiquor
with a nonaqueous sol vemcetic yatidnallrriahtaetentacite ekystalline
sturry can be Jengerfn 20l L & byg ShIHYh (il & e 4T b sotygnt and washing

a ol I

the remaining - crystalline sol using a second organic solvent to
renove wat er, HysiiQuieb piC edaibdr drd ok dECite Mok beurold, sehosphoric

25 acid, diluted phosphoric acid, sulfuric acid, tartaric

acid

Aerosol propellants

butane, dichlorodifluoromethane,
dichlorotetrafluoroethane, isobutane, propane,

30 trichloromonofluoromethane

Air displacements



Non- aqueous slurries of crystalline 5 therapeutic proteins are especially
useful for subcutaneous delivery, while solid fornulations are ideally
suited for pulnonary adm nistration. Pulnonary delivery is particularly
useful for biological macronol ecules which are difficult to deliver by
other 10 routes of adm nistration. (See, for exanple, PCT patent
applications WO 96/ 32152, WD 95/29183 and WO 97/41833). The proteins
referred to bel ow include protein crystak8 thensel ves, or nucleic acid
crystals 15 conprising DNA or RNA which encode those proteins upon cellular
upt ake. This invention advantageously provides conpositions and
fornul ati ons of cryst alogromdsteeiige omifikd®@e acids. 20 Stability of
Encapsul ated Crystals Those of skill in the art will appreciate that
protein stabiyhi &fsdﬂﬁiﬂﬁiéﬂE% nost i nportant obstacles to successful
formul ati on of polynmer mcroparticul ate delivery systens that control the
25 rel ease of proteins, %%O%H ilﬂéﬁ%égténwﬁéﬁ%g?eﬁg’ Eylflﬁgkégepolyneric
carriers may be chal |l enged at three separdte s es > manw act uré of the
protei n cryssakcrosgpositiiceratpr otein rel ease fromthe resulting conposition
and in vivo stability after the protein 30 release. During preparation of
nicroparticlgikg&igkﬁrog hg&gs cont ai ni ng sol ubl e or anorphous proteins,

t he use OF organi C solFvents and | yophilization are especially detrinenta
to protein stability. - 35 _Subsequently,. released proteins are
susceptible to nDisturgFfﬁggcgg%gﬁégeSgﬁﬁﬁ&Pqﬂuﬁ?WQﬁﬂH%iqﬁf HHeFmanent

i nacti vati ondiethandéamineachiieseplroghnprlamdine ,stradtidddiund duri ng
preparation .ai.n foroul ati.ons, and,co i.tions according to the

pr esent inveﬁ&?gégaﬁf’i§8ﬁgg§s§é%§rp8gg§§fm%§§ﬁ QaqgﬁﬁﬁQ’3fQ§anuﬁvidum
protei n nol ecakbsnatea sediltn hgsiroadhieevedolmntime crystalline solid state.
For the purpose of this 10 application, solid state may be divided into two
categori es: rphous and crystalline.. The.threedi nensional |ong-range

or der th§§ n%gﬁégﬁgla%i%PS“F% éngygﬁéFPP%é mat eri al does not exist in the
anor phous state. Furthernore, the position of nolecules relative 15 to one
another is nore randomin thé anorphous or liquid states, relative to the
hi ghly or der®Btif§eMingi #8eBESte. Thus, anmorphous proteins may be | ess
stable than their crystalline counterparts. Figure 1 depicts the relative
stability of 20 the foftB&FR§CRBPecTIBLtELEPES of Candi da rugosa |ipase
("CRL"): crosslinked anorphous, liquid, crystalline in 20% organic sol vent,

crosslinked shyshabkbbBeal Np2@zeoidRiess0l vent, crosslinked crystalline
wi t hout organic solvent. Figure 1 shows that crystalline CRL 25 retains 80~

activity for nmore thanpddba NRYUASuINCROBr QB8R3N benT@N K@M und RHAGH RSt , bot h
anor phous_and soluble fornms_of the enzyne are conpletely inactivated within

hours. The pFesehtornvRRR7ehthanirtagkdasigent PERZO Ct RE 1Sy eNAYine for s

of proteins Qﬁééﬁéﬁ,9$u391$5955eﬁvpéét9ﬂp§kaaﬁhhhm ehalagiaRy,i sti cs. _
Mai ntai nina Crystallinit n order to use protein crystals as the protein
source for pFepbaFPRYtaretei RRLBFAGFEEPbNsCARACLonFESYEreRSeAdCording to t he

present investi@, ethPlparal8én, methylparaben, methylparaben
sodium, phenol, phenylethyl alcohol, phenylmercuric
20 acetate, phenylmercuric nitrate, potassium benzoate,
potassium sorbate, propylparaben, propylparaben sodium,
sodium benzoate, sodium dehydroacetate, sodium
propionate, sorbic acid, thimerosal, thymol

Antioxidants

25 ascorbic acid, acorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene,
hypophosphorous acid, monothioglycerol, propyl gallate,



probl em of protein crystal dissolution outside the crystallization solution
("rmother liquor") had to be overcone. In order to maintain protein
crystallinity and hence stability, in the production of the protein 5
crystal fornulations and conpositions of this invention, several approaches
may be used: 1. Crystals remain in the nother liquor in the course of
produci ng protein crystals encapsul ated with polyneric carriers. Mny
conpounds used in 10 protein crystallizatZbny such as salts, PEG and
organi ¢ solvents, are conpatible with polymer processing conditions. 2.
Kinetics, of dissolution. The rate of crystal dissolution outside the
mot her | i quor secpainds camailBiebydgi sivdrfox yshadte assqrH, un enpertat smbf i peesence
of nmetal ionsg gUeh &% 143,184 +and BN 5 tratd recipitants. By
varyi ng thesesgongﬁkioﬁs,ubne qéns§?6m1 own t he Jﬁ%é%ﬂﬁ%%%ﬁ of crystals for
several hour s tospphlegod@nexciipd entthe 20 process of microparticul ate
formation is very fast and normally takes seconds to mnutes to conplete.
3. Dried protgl,peabYSiAl ke nother |iquor can be removed by filtration
and the renainPng%cry tgﬁFpﬁe paste can be dried by air, under 25 vacuum
by washi ng:wi th water m_sgibl e_argani l. t by. | vophilization.
4, Protein5crystals cana%gkgﬁeﬁ?égrl?&g?§§§ﬁPﬁ%§¥§¥$ %ﬂrﬁ%ﬁ%ﬁiﬁ%solvable
or slowy di spbbgpbbé&ecr pstraksacid, 81tri3c Huwe &r\istcalicsiaaeidhnd shape can
be mani pul at e ntroll.ed in .cour f_ crystalli.zation. Thus; a
range of crysggﬁgﬁ%ggﬁ%|%&%gé,b8ééﬁgﬁ§@iEé%é?¥¥%r§$ﬁ€%ﬁ%ﬁﬂﬂ ution kinetics
and subsequentkyabhdsphetent pstiasaiinmd phelspase ep mufnidbess ieonmEaydidin o
anor phous proteip is i.l ahl ot ei.n.Consti nts. The .protein
constituents %?éf %ef05§§?g#igkgrggé’cgﬁgégﬁkﬁ%ﬁégb fﬁﬁ%ﬁfﬁgﬁntion may be
t hose whi th 168ikeeipasodalinypbpsphathet noabby siodiskidicdim Fheys ot e
gl ycoprot ei ns, phosphoproteins, sul phoproteins, iodoproteins, nethylated
proteins, un ifi i r nt ai her ificatiQ s..Squ protein
constituentsnﬁgéggggaﬁgg%ggggfg,(ggglg ?ﬁ%& %5?”%%85@%ﬁﬂkgbﬁ¥%?% eutic
proteins, prophylactic proteins, including antibodies, cleaning agent
prot ei ns, incéﬁdgng.deter%égt proteins, personal care proteins, including
cosnetic prot fAs2viEeFPRY § proteins, food proteins,~feed proteins,
di agnosti c proteins and %0 dgcoatanination Brgtei __I.n Qn enbodi nent of
this invention, such pr8E&FA5EhAYEOGHBY eEGPY eﬁ@%éﬁﬁlgﬁ ¢&E&5S Hitan or
equal to 10, O86idabhdnsalBscoedebgct acad al ternate enbodi nent, that
nol ecul ar weight is greater than or 25 equal to 20,000 Daltons. According
to anotheg aléerggte enggginent, t hat nol ecul ar weight is greater than or
equal to B 000 bal'? 0¥ Ecording to a further alternate enbodi nent, that
nol ecul ar wei ght i's greater. than_or U 0Q Dal tqns., According to
30 another alternate en%%gfﬁ%n??r?ﬂﬁ§ﬂﬁ§b¥%§ g?ug F&htcfgﬂaéggfér t han or
equal to 50, Cdfetatépnsellulose acetate phthalate, ethylcellulose,
gelatin, pharmaceutical glaze, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl
20 methylcellulose phthalate, methacrylic acid copolymer,
methylcellulose, polyethylene glycol, polyvinyl acetate
phthalate, shellac, sucrose, titanium dioxide, carnauba

wax, microcystalline wax, zein

Colors

25 caramel, red, yellow, black or blends, ferric

oxide



- 38 Included anong such proteins are enzynes, such as, for exanple,
hydr ol ases, i sonerases, |yases, |igases, adenyl ate cycl ases, transferases
and oxi dor educt ases. Exanpl es of hydrol ases include 5 el astase, esterase,
| i pase, nitrilase, anylase, pectinase, hydantoi nase, asparagi nase, urease,
subtilisin, thernolysin and other proteases and | ysozyne. Exanpl es of

| yases include al dol ases and hydroxynitrile | yase. Exanpl es of

oxi dor educt ases 10 i ncl ude peroxi dase, ~| décase, gl ucose oxi dase, dl cohol
dehydr ogenase and ot her dehydrogenases. O her enzynes include cellul ases .
and oxi dases. Exanpl es of therapeutic or prophylactic proteins include
hor nones suckomplieximd mgeagiisccogonl5 |i ke peptide 1 and parathyroid

hor mone, anti bodies, inhibitors, growmh factors, postridical hornones,
nerve grow h hornones, eihodenslditamiimg tfetot arcs t il eesidrmbl sl £s, bone

nmor phogeni ¢ ins lectins t i C. i nes such as TG+ (3,
IL-2, IL-4, s )FN,E?%%}FF%‘,&@ | IE'{\GLHE}N%,‘I ?{é%{ Sﬁhc%{oojl%%p Ot oxin, IL-5,

M grati on i nbixiouiigw figet el f@esF, |L-7, |L-3, nonocyte-nacrophage col ony
stimulating factors, granulocyte colony stinulating factors, nultidrug

resi stanc pbg%gkgg +Qt her [ ynphoki nes, toxoids, 25 erythropoietin, Factor
VI, anylin, , gbrnase-a, al-antitripsin, human growth hornones, nerve

growt h hornones, bone g%rl%q(&%e i G VY e,i f‘csalcliru%ss‘?ilﬁat%m ]gsgjillfcegﬁi lity

hor mones. FSH and LSH. Therapeutic proteins, such as € owng, 30 are
al so i ncl udediokedkocyte markers, such as CD2, CD3, CD4, CDS, CD6, CD7,
CDB, CDila, CDIlb, CDIc, CD13, CD14, CD18, CD19, CE20, CD22, CD23, CD27

and its |igapd 8.and_its |ligands .B7. 1, B7.2 .B7.3, CD29 and its

gands, Py SERs g ahyor) BRIRRIISARhATANGE | | yand gp30. CDI, CDMS

and isoforns, Cdws2 (Canpath antigen), 6, . 8 9, CD72, CTLA-4,

LFA-1 and TCR hispoconﬁgﬁfﬁﬁriFbogﬁﬁ%ﬁﬁﬁgs §U§E%§? %) ass | or |

anti gens]ot h¢agunstY,aglliygenyl fbawstiamateSlaanand nSledlronaltssgrins, such

as VLA-1, VLA-2..VLA-3. VLA9 gLéééblVLA_GﬁPnd LEA-1; ath§|0n nol ecul es,
el"ecti

such as Mac- e%%EhiB'pT88?§5?n Hs S TS &7 aSOPOSHENS P %el ectin and
E-sel ecti n addfhect)¢cooikerr acedt das VoA 1, cl6AN BldoBat 2 and LFA- 3;

int.erl~ukin . L- I L- | L-3, - -5 11-6, 11-7, |L-8,
IL-10, IL- 11?%%%3}9?’& 13?’°|185|f2§‘§rr1d Pﬁ.lf)@!’(yi‘é%?&?ﬁé%k?no rSLetc?gapﬁa&Jres', such as
| L- 1R, IL-2Rpolie#R]l BB- BRstkk- 6R], | bolRoxiyll- @R, hividrb@idnated Hastddxl 2R,
| L- 13R, -14R, and -15R: .20 _chepokines, such _as..PE4, RANTES, Pl a, MCP1,
NAP- 2 O B O b BRIVPRYE, 18, sReRT sehere, PIeRAe PSR tora et o TSh
VEGF/ VPF, PTétRerEGPol gnklyy, 4BGE L eRDEE ef, amolly soebadiehelt,a and gastrin
rel easing peptid ;@5 gr h_factor.re r uch .as TNFal phaR
RGFbet aR THRY %/é%;gg%#é{ E&E%OEEE&F B %&?E’%B%Eﬂ%fea%ol’y, EPO-R GCSF-R
and ot her hepatppoerei glyeoéptorsptate, propylene glycol

monostearate, sodium lauryl sulfate, sodium stearate,

20 sorbitan monolaurate, soritan monooleate, sorbitan
monopalmitate, sorbitan monostearate, stearic acid,

trolamine, emulsifying wax

Filtering aids

powdered cellulose, purified siliceous earth

25 Flavors and perfumes

anethole, benzaldehyde, ethyl wvanillin,
menthol, methyl salicylate, monosodium glutamate,
orange flower oil, peppermint, peppermint oil,

peppermint spirit, rose o0il, stronger rose water,



interferon receptors, such as IFNaR, 1FNR 30 and IFNYR Igs and their
receptors, such as IgE, FceRl and FceRIl; blood factors, such as conpl enent
C3b, conpl enent CSa, conpl enent C5b-9, Rh factor, - 40 fibrinogen,
fibrin and myelin associated growth inhibitor. The protein constituent of
the formul ati ons and conpositions of this invention may be any natural, 5
synthetic or reconbi nant protein antigen including, for exanple, tetanus
toxoi d, diptheria toxoid, viral surface pFdteins, such as CW gl ycoproteins
B, Hand gCill, H V-1 envel ope gl ycoproteins, RSV envel ope gl ycoproteins,
HSV envel ope gl ycoproteins, EBV envel ope 10 gl ycoproteins, VZV envel ope
gl ycopr ot ei nsthP9lentelspladispiofidcduys, Varlldddza Wanddd agl ycopr ot ei ns,
Hepatitis famly.syrtacg,anthggns; viral structural proteins, viral
enzymes, parasite profeins, parasite glycoproteins, parasite enzymes and
bacterial proteins. 15 Also included are tunor antigens, such as her2-neu,
muci n, CEA an@léddnti ahdriorARngigekdngsagends house dust mite antigen, 1ol
pl (grass) antigens and urushiol are included. Toxins, such as pseudonobnas
endot oxi n and 20 ost eopoaiicalor spditiate, snakaesdomsadd dege ,venom ar e
i ncl uded. AI5801@ﬁ%gggdsgigcghyggg%géilnthggnrassoplated antigens, for
exanpl e, carcrnoenbryonic antigen Y, "human muci ns, her-2/neu and
prostate 25 specific antigen (PSA) [R A Henderson and O J. Finn, Advances
i n |1 mmunol oaviuB@¢tppts217-56 (1996)]. Adm nistration and Bi ol oai cal
Delivery To date, therapeutic proteins have generally been adm ni stered by
frequent injection, dueglycehnény; Béxghanacgeéyicstlicprmeplilgnel glgcall,
bioavaiIabili£¥r$£go§hort plasma |ife. The protein crystal fornulations and
conpositions 0O € present invention, which - 41 include
m croparticul at e- based sustai ned rel ease systens for protein drugs,
advant ageblis| gipement bapesved patient conpliance and conveni ence, nore
stabl e bl ood | evels and potential dose reduction. The 5 slow and const ant
rel ease capabilities ofléahelpnesenhyineent lanocdduanhggeopdliyipermt reduced
dosages, due to efficpent. Lvery ti ei pn..,SLgni ficant cost
savi ngs may b l%@ﬁ%@%édw%§£§S%ﬁgg#ﬁé%prggggﬁ%f%gﬁﬁﬁéﬁkbngoéﬁgggg%gggitions
descri bed hergincolOofntmehht i pasrahdtoonpbydrophsléonpetsbigtpmet ei n
crystals in polyreric. delLyery $ALLI GLEcRCEONMLDALt OcbhL havention may
al so conprise any conventional carrier or adjuvant’us in“vacci nes,
phar maceuti cal s, personal care fornulations and

15 Plasticizers

castor oil, diacetylated monoglycerides,
diethyl phthalate, glycerin, mono- and di-acetylated
monoglycerides, polyethylene glycol, propylene glycol,
triacetin, triethyl citrate

20 Polymer membranes

cellulose acetate

Solvents

acetone, alcohol, diluted alcohol, amylene
hydrate, benzyl benzoate, butyl alcohol, carbon
25 tetrachloride, chloroform, corn oil, cottonseed oil,
ethyl acetate, glycerin, hexylene glycol, isopropyl
alcohol, methyl alcohol, methylene chloride, methyl
isobutyl ketone, mineral oil, peanut oil, polyethylene



15 conpositions, veterinary formulations, or oral enzyme supplenentation.
These carriers and adjuvants include, for exanple, Freund s adjuvant, ion
exchangers, alum na, alum numstearate, |ecithin, buffer substances, such
as phosphates. glycine, sorbic acid, 20 potassium sorbate, parti al

gl yceride m xtures of saturated vegetable fatty acids, water, salts or

el ectrolytes, such as protam ne sulfate, disodium hydrogen phosphate,

sodi um chl oride, zinc salts, colloidal sibkéca, nagnesium trisilicate,

cel lul ose 25 based substances and pol yet hyl ene gl ycol. Adjuvants for

topi cal or gel base forns may include, for exanple, sodium

car boxynet hyl cel yad bs yrquuof Veaor Waatlesate, propylene glycol, sesame

pol yoxyet hyl ene-pol r | .ene-hl o p , ethyl | and
wood wax al coh%glls’. Wcﬁ%i%?gl&%ﬁ' e %ﬁ?%%nvfgg%i(t %P% ?ﬁ?%ﬁﬁ%ﬁ'
protein cryst atemiale e tanbiowed midataimn conveihf i edavatateri al s used for
controll ed rel ease adm ni stration, including pharmaceutical controlled
rel ease adm nistrati.on. Such materials include, for - 42 exanpl e,

coati ngs, skmﬂéafgﬁﬂf%il ms, such as enteric coatings and pol yner coatings
and films. Protein fornula&iohs in _polyneric.delivery carriers and
conposi tiors (composi ti HHE LS HFITH (HE F9vent PR hﬁgch may be
devi ces, such sasl iidgdanteddth devi ces and may be m croparticul ate protein
delivery systens. In one enbodinment of this invention, the macronol ecul e
crystal s have a |l .ongest dijpension between 10 about 0.01 ~cm and about 500
~cm al ternat ic\?(ﬁli?rbé{%\ﬂ@@'r‘lﬂ’g Y gum and about 100 Vim The nost
preferred enbodinent is_that the protejn crystal of protein crysta
formul ati on conponents &3 1 Wik Q§ﬁdﬁ Q«nﬁ%é%ii&ﬁ%t 100, ~cm.in
their | ongest dinmension. Such 15 crystals may have a shape sel ected from
the group congitslfifeGidly agdmdises, needl es, rods, plates, such as hexagons
and squares, rhonboids, cubes, bipyram ds and prisnms. According to the

Pr eselnt i nenti on, | 20 engRRYYeMt@ @fas&rkocﬁ %iiﬂ,Crdéﬁ@é&@fyPLQI@él@ojﬂ)éStm
ornmul ations in pqlyneric carriers to nake compositions ma carried out
on protein cr§§ttéﬁs awraﬁo Yy @e(?ﬁ’&sﬁsitrﬂgéd“@x'mﬁrdisfﬁﬁkeﬂgr%ﬁHPpr otein
crystals may mlqiétt@iyn@@lecréquie@Itl,y stleapfyaducebasl | | ésts ot ¢tngS herein.
Protein or nucleic agid crystals _or crystal fornulations and conpositions
according to YRS Fﬁ@&ﬁtw ' 13OWUEEF as ingredients in personal care
conpositions, including cosnetics, such as creans, 30 |otions, emnulsions,
foans, washesguppratbsy BRlses nousses, slurries, powders, sprays, pastes,
oi ntments, salves, balns, drops, shanpoos and sunscreens. In topical creans
and lotions, for exanpl @ccbleyuirhe nased At , hWmEGkait $1 &ie fOTyadkin
protection, softening, - 43 Dbl eaching, cleaning, deproteinization, lipid
renoval , noisturizing, decol oration, coloration or detoxification. They may
al so be used SYSRRPAIBG ARAYST NiscomditvcdNCFeASISIHIARLAEF this i nventi on,
any individual, including humans, animals and plants, may be treated in a
phar maceuti cal | y accept 5PE1ganAgRIw BRI4NdFarFdCeutd RN f ect i ve anount
of protein orpAHelsekarated SenEbakeell partris@bdiidAl @, hgiia COMPOSi tion
10 for a period of tinme sufficient to Freat a condition in the individual
to whom t hey REBLRBALRIsCarbamgyeP348me ChEPPFIMEthY IRl Qs dhat i vel y,

i ndi vi duabg ”EXlE@ﬁﬁLV%a%b@k?ﬂ@ﬁh?@bb?ihhﬁséf%%@Hdﬁ% anount of protein or
nucleic acid crystals or cryStal formulation or 15 conposition of this

i nventi on whi ERTPEX¥PEERYCEL 114 O5Re PORE R ddndiCEXERISFRAY i ndi vi dual to

whom t hey ar epad#bBirgkehed i Qe bnS0FR rbekivad tafy 1lddiB u IR 4 &ddy Qim Nucl ei ¢
acid crystals or crystal formulations qQr conpositions may be adm ni stered

al one, 20 as P&ALUSPSE/pHEXFHEBuUt PEARL1Per SYRE e pydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl

25 methylcellulose, magnesium aluminum silicate,
methylcellulose, pectin, polyethylene oxide, polyvinyl

alcohol, povidone, propylene glycol alginate, silicon



veterinary preparation, or as part of a prophylactic preparation, such as a
vaccine, with or without adjuvant. They nmay be adm ni stered by parenteral
or oral routes. For exanple, they nay be adm nistered by 25 oral,

pul nonary, nasal, aural, anal, dermal, ocular, intravenous, intranuscul ar,
intraarterial, intraperitoneal, nucosal, sublingual, subcutaneous, or
intracranial route. In either pharnmaceutical, personal care or veterinary
applications, protein or nucleic 30 acid-—rdbstal or crystal fornulations or
conpositions may be topically adm nistered to any epithelial surface. Such
epithelial surfaces include oral, ocular, aural, anal and nasal surfaces,
whi ch may be trdapsaddepropbtoddalrepiired Giogdadexi fSioddupy algingge,
appl i cation of EEQ §EQn95,n#8£€£§na§Lﬂ crystals or crystal fornulations or
conpositions. Pharrfaceutical, 'personal care, veterinary or prophylactic
formul ati ons and conpositions conprising 5 protein or nucleic acid crystal
or crystal fornsveétensngragenpssitions according to this invention may

al so be selected fromthe group consisting of tablets, |iposones, granules,
spheres, mcroparticles, aspapspheyedenndataepsubestriBerorxsuiphenses, as
vel | as ot heg “<§§§ P§§8rdf£’gc£85éf“ ahBYE8L 1 00, REQLELN QL hyghei ¢ acid
crystals or Crys af or uTations and conpos( tions nay be formilated into
tabl ets. Such tabtehartonssodine satchaidnfreerbdtst,f seduftdom f or storage
of protein or 1 | C ' [yS 5%? a mul.at i . ,

conposi tions wﬁggﬁyg#giéagﬁégoﬁ%hd%e g%%g;%?éi%u géép ngggﬁégéFg Rl
activity or pot=mgyr, Abyenmati vely, protein or nucleic acid crystals or
crystal formulations or conpositions may be 20 in a variety of conventional
depot forns e d,_f.or mnistration to provide reactive conpositions.
These incIude?p#§¥ﬁ%§dﬁbT€?r§olid, seni-solid and |iquid dosage forns, such
as liquid ngutions or sqaggnsions slurries gelg creans, bal ns,

enul sions, Totions, 25 po ?%?’s%%%@%%cf%%h%{ Bg %8@, oi ntments, salves,
bal n8 and dr opscafratenetioyloell elasacinicrystassabhiher oullatiions, or
conpositions ac ] t hi s_ihvention | so [ any _conventi ona
carrier or 30 é%%ﬁg%ﬁ?’dg%%yiée% %ﬁ%é%bu??gg}g?'péggggglaggFgggb 8§Ftions
or veterinary formulaydorsypidreske marhykesl hntoadj umehhgcehthiidee, f or

ter ol _ dj Umatbyos |
Ceci thin,  buf f o e ithe SO SUARNT,  Robeta QO RLRLERD D

aci d, potaskih umyoibate, partial glyceride m xtures of saturated vegetable
fatty acids, water, salts or electrolytes, such as protanm ne sulfate,
di sodi um hydro R SBQf e, sodiumchlorid 5 zinc salts, coll oidal
silica, ‘rragnes?lﬁa%l%k?i Si i%%t%afpsc g u‘#]lo lé‘ﬂ)‘%sed substances and pol yet hyl ene
gl yeol . Adjuvants for tonieal gf ael lase. ! 5B, IRy LOSLYS ph8LoRYRAD! &
sodi um car boxynet hyl cel | ul'6S€, polyacr ylI at'es, !
pol yoxyet hyl eneé-adiagsiay praoipyd um eptisl spdia tld), pod Yebus, spbfgeehyl ene gl ycol and
wood vax al cohql s, e, dmsiy G4 ot e smde of, adial sLighigneand dosage
regi men of the protein or nucleic dcid crystals or crystal fofnul ations or
conposi ti o) ofdexfiratigsserdaxtir i, | |[dedepersk aexcipient ecfrdesosed, previ ous
15 therapy, if .+ 1 he jndivid ' s Jheal t o] us of the
condition i tsel]%r}énld{’r glsépéc}%gsseé’t ﬁ%nzl%?ldt eﬁ%ﬁgn]abl éé?%’%‘gféi d crystals or
crystal fornul arieyesl adrirciompbsittamols aaubtdee | wcomeneésoiblbéestgant i ng
physi cian or cljnician. The prQtein or 20 nucleic acid crystals or crysta
formul ati ons ordoglof%p%éicfl}%nssorfc’glfaore adm nistered in any dosage form
acceptabl e for pharmaceutical s, vaccinations, gene therapy, immunotherapy,
personal care @anplesidiisinstegyrateiseri nary fornul ati ons, at one tine or over
a series 25 of treatnments. The anobunt of the protein or nucleic acid
crystals or2kcrystal for mdlajirns sid,ominstddonst abl the peeyidessa, si ngl e
dosage wi Il vary de endiqg)u on t.he particul ar node of adniflstration,
formul ation d&é@s armellose sodium, corspovidone, polacrilin

potassium, sodium starch glycolate, starch,

pregelatinized starch



30 | evel or dose frequency. A typical preparation will contain between
about 0.01 and about 99~, preferably between about 1~ and about 50-~,
protein or nucleic acid crystals (ww). Alternatively, a preparation wll

contai n between about 0.01 and about 80~ protein - 46 crystals,
preferably between about 1~ and about 50~, protein crystals (ww).
Alternatively, a preparation wll contain between about O O o and about 80~

protein crystal fornulation, preferably-b&tween about 1"~ and 5 about 500,
protein crystal fornulation(ww). Upon inprovenent of the individual's
condition, a nmaintenance dose of protein or nucleic acid crystals or

crystal fornulZablets aovd/conpeapsibnsluleyigantdni ni stered, if necessary.
Subsequently, the 10 dosage or frequency of adm nistration, or both, my be
reduced as a function(ﬁcalmiQQqueﬁmateo alYeeeYlabenhhahethe i mproved

condition is r C t he
desired | evel, %¥$g%§%%n¥h§%g&?%angﬁgﬁf ?Plneégyﬁ lége15 require
intermttent KﬂeakdenwaﬁlumIsﬂqpnyﬁrﬁ&msrstepomtamylmeaurdenperoflehe
condition qr 1 ddhere Pr ' o sta,
fornulatlogs an cgg%os ({oﬁ%ﬂ'()égﬁgéééﬂﬁg%% ?%ié€%§} %dineﬁ?cof this

i nvention, crystersatecrystal fornul ati ons and conpositions are prepared by
the foll ow ng process First the protein or nucleic acid is crystallized.
Next , eXC|p|eq1 qlents sel ected from sugars, 25 sugar al cohols,
V|5005|ty |ncrea5|ng ag S, wetting or solub|I|Z|ng agents buffer salts,
emul si fying agents, anti oblal ents antioxid and coati ng agents
are added directly to tﬁ{el31 NI qul 515 LN tnearnrféjtrr I>P s Jclll staIs are
suspended i n @hld3@iedeGi @icetituns ahitordrde after the nother |iquor is renoved,
for a mninmumof 1 hour to a maxi mum of 24 hours. The exci pi ent

concentrati t ypi I etmeen bout 0. 01 tp 300 WW Most preferably
bet ween agg Vé%fcﬁ% %h FreMVe G ration i s between about
0.01 to - 47 90~. The c aI aqncentration i bet ut 0.0l to
95~. The ot her quuor|%§Qﬁ$ 54W99W39ﬂ?£ 4% 4% ei t her by
filtration orebyxdentﬁk&x&yﬂaaﬁmllsuhsequmfuIgepﬁdumxngﬁﬁéﬂex-are washed 5
optionally mnth glon 50 t o _100i e %glpore ani ¢ solvents such
as, for exaong n&P n&yrufsoﬁfepa<ﬁ B et ¥§h acetate, either at
roomtenperature or at tenperatures between -20 Cto 25 C. The crystals are
the dried eitwehibyepasdicagrimonisr eam 10 of nitrogen, air, or inert gas over
the crystals. Alternatively, the crystals are dried by air drying or by

| yophi l'i zabi on or by vaelmondr wing. cbhe driyli nGdtaadgddedidyt dtdyla m ni num
1 hour to a maxinmumof 72 hou IS after mashl unt|I i.sture content
of the 15 finaﬁegESdu&§°P§°B§IowyfdﬁtﬁfQMﬂ Hélﬁ 'v bel ow 5~.
Finally, mcrafharag oﬁlnhelqhysmahenaM1dnipenhammyi|éldmﬂﬂssary.
According to gne egbg ; of .this qyentlon n pre r|n protein
crystals, pro?glx § 8?999 I P&}¥ﬁ|8ﬁldn§%ﬁn oﬁﬁ'S|Pe ncers, such
as surfactant seame aodf, addgithedur bid, csysiadldriezat i on. EXC|p|ents or
ingredients are added to the nother |iquor after crystallization, at a
concentra%b . % Ztmeenla% out 1-10~ WW alternatively at a 25

concent r af PonV 8P 5&Ene 8R1AF0 FATELET25~ WW alternatively at a
concentration of between about 150~ WW The excipient or ingredient is
incubated with the crysPdP§si fP R&SFot her |iquor for about 0.1-3 hrs,
alternatively the incubation is carried out for 0.1-12

Vehicle: sterile

Bacteriostatic water for injection,

bacteriostatic sodium chloride injection

25 Viscosity-increasing (see suspending agent)



30 hrs, alternatively the incubation is carried out for 0.1-24 hrs. In
anot her enbodi nent of this invention, the ingredient or excipient is

di ssolved in a solution other than the nother liquor, and the protein
crystals _ 48 _ are renoved fromthe nother |iquor and suspended in the
exci pient or ingredient solution. The ingredient or excipient
concentrations and the incubation tines are the sane as those descri bed
above. 5 Sl ow Rel ease Forns and Vacci nes Ln2@ngther enmbodi nrent of this

i nvention, encapsulation of |ipases in polyneric carriers provide
conpositions useful to treat patients suffering fromintestinal |ipase

defi ci ency. SucQaQ%&!q@ﬁ§f4¥gdg%§$g£those Wi th pancreatic steatorrhea, due
I"ci ency

to advanced pancreatic I nsu require oral |ipase supplenentation

Unfortunately, current th 14§ ods; . e fl.exihl.e ough to
protect the active I|i pase%raﬁcg'fo%étt%rlangét’ t 1?@@&6{119%%%,95511‘?@%0%0% esti nal
tract and to release the enzyne activity where it is critically needed in
the smal | bowel WeSédng aBdmrerscdiuballizitEntagesft oral enzynes in pancreatic
insufficiency," Gvt, vol. 34, pp. 708-712, (1993)). The flexibility of the
present invention in prepdeniglXonshowohlardideablbe recttinom ilunpase caaldegs t he
present problens often _associ ated . w t.h |ipase supplenentation. Accarding to
one enbodine%t SF%Vﬁpyﬁlﬁég u“bﬁ%l€ﬁéd€6 Pﬁgfﬁgﬁpé¥ggﬁ%3p§ﬁ%ﬁﬂ¥fq' dse
crystal s (conposbhbaysplaid,unetoxysivlated polossmerkegdliyoxsd 25 crystal s

or fornul ations_provid a dr t her regine in which enzyne .activity is
avai | abl e earlycgﬁ%PFoﬁﬁghep&#&ﬁégﬁsgﬁgtg3%598§ aﬁﬁ§%§ﬂﬁﬁﬁgg€}¥As this
?ateria!tpndfrgpe$ypmqﬂeﬁbrskeadag@ad@buq?gyﬂreOegd@g?ub?ﬁ@d,e@ae?bﬁyﬁ
conposi tion in rel ease enzyne _activity into _the nore dista
bowel . A sinila?gét%§%§§§%ﬁﬁy bg%ﬁgéd P8ﬁ¥8ﬁyé éﬁhSFegﬁfﬁﬁé or therapeutic
p[pfgin sgEbDenpnt&Sbmbameoﬁwﬁﬂpglﬁso;bateTH@,ppeéeg?;bamegwmog nmay al so
utilize other s r odal. ogi c i_licaon sed rings or
rods which haveggggﬁggggﬁgaggd ﬁP@ﬁ%%n§§B§§#aEB§%6§8fe%ﬁr€%$€Pa|s
cont ai ni ng hor mboers l aamerliedi esrboi tanemppwed eattecospadiitiaons cont ai ni ng
them The purpo t i chni. | rovi C t l.evel of
protein to the %ﬁggégggégﬁkgve%OggggFﬁohgggsﬁééggtgf %&ﬁp%ggoéuch i npl ants
can be inserted intradermally and can be safely replaced and renoved when
el ude vacci ne formulat| SRS TEAG AoBNOLLr SaESc Beper e Ry bRt arv U AsH gen)
crystals, atpuvaaltandfehcapsudhat angdpokyrbr és) glykenpgs oagignnankei,gen may be
protern, o sort ERbFAbePEichoRaraSE 23R arostngl plpaERElRR o7 n of any
innunopbtentiatghgtpméneinprgﬁéneaSZa cptrbkhrdrabae,esbadi nent of such
formulations ory,500RsthlaSeLMALNCE <258 LBALE, VAEELRB BN BELRARAGANt al i ng
20 m crospheres having three or nore 5i9 erent rel ease pfofifes. In'this
way, antigen fJMamhaspensrabivorpeskylonemyibeseerBds8d over a sustained
For mil ati oror SbebostrsaesmrReD B Gon b5 o 2o h, MBL R %1 ngi e
unit form The $1asresedegdédongoibyspaclaard;de(scoapohi gsonpliagessatiaisn an
i mmunogeni ¢ adj e t ' e_L.]sSpoN ‘ ad age of such
a systemis thd#¥%€£ﬁé?hggg$gggfnagyggggﬁs?thgpngﬁgﬁgggﬁfeéag%ng%sional
structures of 30amhétepitspéitale harchisiphedsandiprésént gductorvhdci nmune

systemin thei ragf&i,VSafLch;ghronic acid, 7) cyclodextrins, such as
25 methyl cyclodextrin, hydroxypropyl-f-cyclodextrin and
alike 8) inorganic salts, such as sodium chloride,
potassium chloride, magnesium chloride, phosphates of
sodium and potassium, boric acid ammonium carbonate and
ammonium phosphate, and 9) organic salts, such as
30 acetates, citrate, ascorbate, lactate 10) emulsifying

or solubilizing agents like acacia, diethanolamine,



Once the immne systemis prined, there may be | ess need for an adjuvant
effect. Therefore, in the slower degrading inoculations, a |ess inmunogenic
- 50 adjuvant may be included and possibly no adjuvant nay be required in
t he sl owest degradi ng m crospheres of the formnul ati ons and conpositions .
In this way, patient populations in renote areas will not have to be 5
treated nultiple tinmes in order to provide protection against infectious

di seases. One of skill in the art of biolggical delivery of proteins wll
appreciate that many variations on this thene are feasible. Accordingly,

t he exanpl es provided here are not 10 intended to |limt the invention. In

anot her enbodigngie r@fl din® JtRLGRHIEON, 1 & G, Natd rie MR NEn Gow) d be
pr oduced, mheggby immynjty to nultiple diseases is induced in a single

injection. As F§6u§§%@-ab@@@ﬁ%ﬁ%%%%ﬁﬂeré§”ﬁ&ﬁmﬁfmﬁ99¥¥%9ﬁ?QEﬁ$eIease
profiles may beqsembiiredal @ fakd,n steamilatdans anicionpsi tions and may
i ncl ude m crospheres contai ning antigens frommnultiple infectious agents to
produce a conBPR&LPTR e ciShE PRSP MICRASHRE T&tE -c A AT h sy riFbkakxanpl e,
20 mi crospher agri@kicAgedy! PoRhBxial @ase witaidses wahd GRIMALN ¥ @A gen
crystal s of neasles, munps, rubella, palio and hepatitis B agent’s coul d be
conbi ned and H8FINPSL¥FEd SETORLRAr 88T LMALME4t ildel WisAaFidspher es having
mul tiple rel eaperpagfihlbesagdneantaikai, NG A, CMtidlis Pcid TRl ents i sol ates
of HV gpl20 coul d be conbined to produce a vaccine for HV-1 or H V-2.

Anot her advanfagéSof JPRE FBseRECEARendy VigYhal ak@lprotein crystals
encapsul at ed bbwb@hg%yl@%mdear Eegne 1R hadMiRg YyLAMASHLN conprising
30 nlcrosgheres can be dried bg | yophi | L

8

i zation. Lyophilization, or
freeze- dr yPngPEPPIHE RafarPPBabe  sBpAVALEY IeREMILYE donpeXintliede The

protein cr yStahyEQ'irpoﬁktle@pbi.fiF\Stfuﬁrrt?x%@'n aadthen RircedJi a high
vacuum In a vacuum the crystalline HzQ SUE|IHES, -~ 51" leaving the
protein cryst 8KkCéBABBEFt PEn1BEKRAASBERt dDGilHGesnsRcERS i dimehe Yssifd wat er .

Such processi ngctysbhescshabbhi z€actheca0Mmasiticen ,and 13l ews i1 .gasi er
storage and transportation at typically encountered anmbi ent tenperatures.

This feature PBAeBREEFAFIYSHES prEbPECEBECr hBPSFRBEILESpr GiditAdefnd vacci nes

whi ch canibe BbsheasedliyBifesi BOLENEASS pbekikayienkairaie,("anpul es”) or
alternatively, §n§_de5|r§d increnent of 10 a single dose as a slurry, in a
formul ati on oPCaY¥dbR¥bsPLFBROLTHRCANBEPYLCEENFAYRPHg DREYdieESensed

slurr!es, forgyp@bnpnﬁgehoggnpg§yét§9§eﬁ@nggpga;beg@qgﬁqg” batch frozen and
| yophilized ungsr sterile-conditions. Such sterile containers can be

transported 1BYPRPEYBREAY1TAeCKErPHeXRdi8tored at anbi ent tenper at ures.
Such a system woul d be useful for providing sterile vacci nes and
therapeutic proteins to_renpote and undevel oped parts of the world. At the
poi nt of use, the anpul BRL¥BEENYTr At SBTHFt HOLREULLePHLE t28Ps BV &R or
buffer of2ghoregetindighspensgdll Undempt Bi ehepepali AnikisNi Meheor no
refrigeration_is requi rotein C-rstallization Protein _crystals are

uired, P .
grown by cont?%??%ﬁgﬁgygFéF?iQ%Yigﬁ LERBRGE BF nPFRABRPEGUEBULOLH uti ons or 25
aqueous sol utigner€EonhatteddnetYenks. sorentepeat unit is usually

equivalent or nearly equivalent to the monomer.

Polymeric carriers -- polymers used for

25 encapsulation of protein crystals for delivery of
proteins, including biological delivery. Such polymers
include biocompatible and biodegradable polymers. The
polymeric carrier may be a single polymer type or it
may be composed of a mixture of polymer types.

30 Polymers useful as the polymeric carrier, include for
example, poly (acrylic acid), poly (cyanoacrylates),
poly (amino acids), poly (anhydrides), poly
(depsipeptide), poly (esters) such as poly (lactic



Sol ution conditions that may be controlled include, for exanple, the rate
of evaporation of solvent, organic solvents, the presence of appropriate
co-solutes and buffers, pH and tenperature. A conprehensive review of 30
the various factors affecting the crystallization of proteins has been
publ i shed by MPherson, Methods Enzynol., 114, pp. 112-20 (1985). - 52
McPherson and Glliland, J. Crystal Gowth, 90, pp. 51-59 (1988) have
conpi | ed conprehensive lists of proteins gpd-nucleic acids that have been
crystallized, as well as the conditions under which 5 they were
crystallized. A conpendium of crystals and crystallization recipes, as well

as a repositorgeiaf) enormimates of 1slved - By do B HULh i 6rapida,
structures, is i ntained by the Protein Data Bank at the Brookhaven

Nat i onal LaboPgor yIFHGORMRRt T3 tedb. ALY olcee tatkere biard . poly. Mol .
Biol., 112, ppdix3erbhd)l9p0ly (Eresa drf efenass) casobg used to determ ne

the conditions necessary for crystallization of a protein, as a prelude to
t he fornption(dPXQﬁﬂﬁﬁRHQBMQHQQQQ§Q¥%%%R&QQG;Rﬁkycan_guide the 15
crystal lizat i qnovlg=alcs @holsPhaaldhrr] ,PiRiie Noriild eddwdiyel Yoo BP (9111 gent
trial and error search strategy can, in _nost instances, produce suitable
crystalIizat!@ﬁq@@ﬁﬁﬁvi@ﬁé?fdWlﬁﬁﬁPﬂ&ﬁﬁkﬁQQREkﬂlﬂﬁkﬁ&Ft¢QQYQ#ﬂ%%teptabIe
| evel of pur i i x3AN viyackiteNed copo1JReb M IsaRn & b1 fod, Carter, Jr,
and CW Carter, J. Biol. Chem,6 254, ?P"l 219-23 (1979)]. In general,
crystals are Frbyidsd By tisRdi PRy SYRE ot e PR 8/t A9t @i th an
appropri ate agéequsosel keat cenlaleeeusesahdilvedd CNNBIJHNY AR Opriate
crystallization a%ents such as salts or _grgani c _solvents. The solvent is

combi ned Wit h 9ERE &Pot@WﬁlgﬁﬁnﬁﬁyaSédsuBﬂé@Pé@QQ§%ﬁﬁ4%ﬁdon at a
tenperature delgicAiniadgeypanisPeRLAlhY cHOpBE yRRRICORIY idlels f fy g, i nduction
of crystallization and acceptabl e for 30 the maintenance of pradtein
activity and §P§H?PF99Pa%h@a§8F&éﬁtt@éﬁ ¥ptlilo FROAP SHA LRIP TR G ut es, such
as dival ent rathers)sco-factors or chaotropes, as well as buffer species to
control pH The need for co-solutes - 53 and their concentrations are
det ermi ned experi ment al E¥CE81BaEr| Pt SPBPEAYshAPN PRHLYEIRT 1ot igying cal to

di ff erent it eca@bbﬁenhgapb?egusoﬂpgehpi hatesqand aeldy $isidline dMt®yd al . 5
Crystalline material is 8 ormof the solid state of matter, which is
u

| _ .
di stinct fronPPReCaRBPERBUSISEPRATSL 9 e2MERPs ARSI SHICONAF @Rt eri sti ¢

features incl gdprgda LahkbgesstruebdeensChar aBlier iaph1G SaReSs ¥ opti cal
properties sugh ai refragt[ve i ndex aad 10 birefrig%Fnce. Aig%¥stal

consi sts of at8n8l¥FPRRGERLPA a2PatPRARCFhaPOPEFEEYT BT 'l'y in three
di mensi ons. | 8neonkEashornoRephata papeitak.i STAenadAleysiald wed gdl id form
of matter, sonetine refer#ed to,as i

an anor phoys precipitate. Such
preci pi t af8s hahEenboisPHY Eéﬂﬁa?nFﬁPa?EepggF&5F§P8%bH§¥5k€¥ﬁhgﬂq%:§9= t he
crystalline Sglliﬁdopfate_iﬁﬁ_dodo600f[ i SD?eykbﬂbBBIlitBiﬁ;é_ﬂceS]?falqt he][
spectroscopi c_characterjstics t a t crystalline forns mat ter.
IE an indugtrPﬁ?ggéﬁﬁe L?%ﬁeggéxgkg'é%chﬁEEBPngmBVebﬁpFPQtFBﬁ&ﬂe§ﬁ1ng to
crystallizatipa enarbesérbeegabyi £0hoghlPyothenskepl €ecahirgati on of
protein, preci itaEt co-sol ut es an&, 0 %lonallg, buffers in a batch _
process. As aﬁgfﬂg ubBe i YRer BBt 8FH Eﬁg her¥r JELHFIEED 16y OF9RRg 35t ei n
25 preci pRbat gsoandt enpdpsphogisvsereéal . In this case, protein

precipitates are added to a crystallizatio ol ution and i ncubated until
crystals form AIternatiQeOP%bé?%?G+?eEFyggaipFfaFPUﬁnﬁépﬁmd§PC§uch as

dialysis or vppetedhéfHNsiona B@Dedhs8r bReddhpt 6. greater than or
equal to 10,000 Daltons. According to an alternate
embodiment, that molecular weight is greater than or

30 egqual to 20,000 Daltons. According to another

alternate embodiment, that molecular weight is greater
than or equal to 30,000 Daltons. According to a
further alternate embodiment, that molecular weight is
greater than or equal to 40,000 Daltons. According to



30 McPherson, supra and Glliland, su ra, include a conprehensive |ist of
suitable conditions in their reviews of the crystallization literature.
Qccasionally, in cases in which the crystallized proteinis to be
crosslinked, - 59 inconpatibility between an intended crosslinking agent
and the crystallization nmedium m ght require exchanging the crystals into a
nore suitable solvent system Many of the proteins for which 5
crystallization conditions have al ready bggn- descri bed, nay be used to
prepare protein crystals according to this invention. It should be noted,
however, that the conditions reported in nost of the above-cited references
have been optifbEredrt@lyéehsltel BmBBindAt, NShARC @D cRuli@W WGt is
diffraction quality crystals. Accordingly, it w_.ll|l be appreciated by those
of skill in t%Ee%Fgrtﬁé N soheedBglte&CoP PaldPis PREFOTSH t hese conditions to
provide a high yieldi ngppsesessateivihe large &@%'i@iﬁ%fo@éqfei&%do‘cfﬂdﬂﬁ

smal | er cryst§$s used in 15 naking Erotein crystals the present invention

may be necessEr§. SEPRsFHRT RELREF OBr BLBARREY v SRARL YAL Sor ditF§atld Tene

embodi nents of t tdhSpdAVENST OfLhéer agxadpkeest hBicel eagaceake of the protein
20 fromthe pgl neric carrier (conEosltion) na%,be sl owed and controlled by
usi ng protei Nt G5t APaL 1 FRIPARSE BEERIBhERECEPVY LERBEELi AReWDdSINGhE

crosslinker, stshteds {Oruexmbechaabi eaa0patbhl 8rChAREhknkekpoRRes, once
protein crystals have been grown in a suitable nedium 25 they nay be

crosslinked. €08 FHki 3 et be ehr EPRAIBAELIQBFN§hRESEESI bl e crosslinkers,

in parallel or in sequepmeﬂxheaé@wiﬁ%z ngecEassl kpked-prehei Guahyskyl s are
characterjzed by a reactive multi-functional Tinker, 30 into which a
trigger i%”i MorfRbREl YL LepdrReE Robptifhe reactive functionality is
invol ved in Iinking _toq&&h@éirﬁe@@%w@lamnpraﬁegnsms@eeb%ssat@aﬁgeaot ern
and the trigger consists of a at can be broken by altering

ond t -
one or nore st rourdi HflemAtohFRnt [EOTHLD ECRE¥PHBASNEAREANAL Br activity).

di agrammati caldtyedfn Of pedifid pYof&shdpestein £haBPEctNoRBVERARMENT -->
-- where X and Z are conditions in the pH tenperature, or This is
i |lustrated A%S XSRAYED Detioddsal gFotpe direnFeaest veTPEnctional ity

-- where 1% i prvtdiggerysihts aherrei Minosg: £ 86Phesenhcligastive anino
acid residues on the sane ein or on twp different proteins. The bond

pro (
bet ween t he 6”&5??9ﬁ8rﬁ?%ﬁﬁﬁ£°%ﬁﬂ PhePhPotR h2haS BE Brebearént SBFED onic
bond, or a hyh Ggﬁibé)cﬁbtai-ﬂ'@i%lﬁnjg;@od@ﬂiﬁyﬁ@@ngiﬁgo@@YhFQBMBBioﬂa5 results
n

in breaking of the trig er. bond a ssol utjon, of the protein. Thus, when

the crosslinks wthin WtH SOBRIRAYEPE bl e
CLOSS}i nki ng cﬂ@@{ﬁ&éﬁrﬁ}?ﬁ:ysﬂﬂ&?@éﬁci:z%zﬂsAlii)Ia@é@tx_@iﬂ?ﬂﬁ}’&}]ﬁbl?ﬂék!ﬂé and

t her ef or the release o activity. fernativ , the react|ve

functi ondld A ot W6 OO (iR Lo PAHE 1 Sy er Thoy CRREEREORERLCIES i n:
X-Z + 2AA resiflustte protAlr XXM formulation may have a spherical

morphology and be microspheres of up to 500 micro

meters in diameter or they may have some other
morphology and be microparticulates. For the purposes

25 of this application, "protein crystal formulations" are
included in the term "compositions".

Protein delivery system -- one or more of a
protein crystal formulation or composition, a process
for making the formulation or a method of administering

30 the formulation to biological entities or means
therefor.

Protein loading -- the protein content of
microspheres, as calculated as a percentage by weight
of protein relative to the weight of the dry



change in environment --> AAl + X-Z-AA2, The crosslinker may be

honof uncti onal (X=Y) 25 or heterofunctional (X is not equal to Y). The
reactive functionality X and Y nay be, but not limted to the follow ng
functional groups (where R R, R and R"' may be al kyl, aryl or hydrogen
groups): |. Reactive acyl donors are exenplified by: 30 carboxylate esters
RCOOR , am des RCONHR , Acyl azides RCON~, carbodiimdes RN=C=N-R ,

N- hydroxyi m de esters, RCO-0-NR, imdoesBérs R C=NH2+(OR ), anhydrides
RCO- 0OCOR , carbonates RO-CO 0-R, urethanes RNHCONHR , acid - 56 halides
RCOHal (where Hal =a hal ogen), acyl hydrazi des RCONNR R', 0-acyli soureas
RCO 0- C=NR' (- NRfwilatidd. ReacypiesXardyogy|ofrpupseanelexepnyi tsed by:

al dehydes RCHg%%ﬁQJK'(ﬁpeS RCOR , acetals 5 RCO(Hz) R, ketals RR CO2R R'.
Reactive carb contai’ning functional groups known to those well skilled
inthe art of protein irAmlidiratdlaesnd-€ridss| rakésngease gdestrebed in the
literature [Pierce .Catal ocL. and Handbook, Pierce Chem cal any, 10
Rockf or d, HIiaﬁéﬁ?%nJﬁﬁﬁ?)a-Pééym%f%clﬁﬂﬁﬁﬁe%he%?s???gﬁ?légnganne
Con~ucr ati ¢n and ncres ol itthe nign 1 IERG 1Ry efssstdBoca Baf otlegFaQsat dan(3991) ] .
1. A kyl or aryl donors are .exe ified by: alkyl or aryl. halides R Hal,
azi des R-N3, ﬁ%ﬁogyf?‘e&aeqrslﬁsg@ﬁ ,r%r?os%%aqg%g?grglﬁ%&@%?,

al kyl oxoni um salttts rRItGe, pellviey wathdSy, (8)t rdl ©f esi @ so R2so Mretiae
acceptors RCR =CR "' tLaryl fluorides ArFE, isonjfriles RN+=C-,

hal oam nes Rzﬁ-r%e,lnacﬁ‘gr?@@ hrid S R T f@q]‘\i‘.x'Su{4)urpE%‘f1?JaJ? ni ng groups
are exenplifi edaey ndi;seinkd dés RBIRusisw Ty driyd o RS 1 epexi@esime&~CR 2. V.

Salts are _exenplified by alkyl ar, aryl anmoni um salts RgN+, carboxyl ate

RCOO-, sulfat %@69%,8%%55%5@3/ eraﬁlfrkﬁﬁxn‘es R3N. 25 Table 1 bel ow
i ncl udes exanpl es of triPgeehs,] aetdasilzed dAfded ieas eanotianismanl n Table 1,
R=is a nmultifuncti on%l crosscl i.nki gglrﬁgﬁnt. t hat, can be al kg |, or

|, _ar
ot her chains MPH dcEitv &t PAG S§ous S &< tcwst%aafh%r P I(')Yif?‘nyt o be
crosslinked. 30rhndseioeact weomposipdonawhiemnys wf fedtyiwd tgs oups such as
t hose susceptibl e t% nucl e%phi.l iC,
in [

e .freg.radical or electro hiIix:t .

di spl acement PREVGATNG FRPFdEd OlalFeRy ddy * % AFHH Qﬁé@?‘ﬁiﬁejs, 15

xant hanes 1 5epadmded saeweg otieer some periodl@®flTikahl e 1

Tri gger Exanpl esRel easeCgndi tionsl. .Acid Labil eR-O RH+ or Lew slLi nkerse. g.
Thp, MOM Aci di ¢ cat al ysgﬂ@é-él——%gpac L %,Ut I hllﬁﬁloi%l%qucﬁﬁfgttesl,n Sters2.
Base Labil e RhOCA2iR ¥Yeahidety yat alas oel icrketaCarioomatlestiestisa or

R O CONR1Car banmates .R.. N(EE}]\IF{ , Uret hanes . Al dol.- M chael.adduct s,, esters3.
Fl uori deR- CSi ﬁ@n% ﬁgégslbf—lﬂa i P8 EPRE@P%TlE\'}aer ?)glufsfeﬁ coorntpa}ianri%agcfell‘}l)?(lecr:as .
Enzynme RCOOR, fBCONRAtEpee | i pases, Labil e Linkersam dases, est erases5.

Pedict ona sul 19212 Cabgh oL balhle, LN L 5 4 Tgldp ! eave
R- OSi R3Oxi di zengliahtleabdriker shéhyes| $nRsagemidsr ye.sg- it {uxEH fronCHi{e OH )
T EZ e had S Sh BORECRL S Sest RS el st e =7,
conditions.
Stability -- the loss of specific activity
25 and/or changes in secondary structure from the native
protein over time while in solution under specified
conditions.
Stabilization -- the process of preventing
the loss of specific activity and/or changes in
30 secondary structure from the native proteins, by
preparing formulations of protein crystals or DNA
crystals or RNA crystals with excipients or

ingredients.



5 10 Tri gger Exanpl esRel easeCondi ti ons8. Heavy Metal Various Allyl Transition
nmet al Labi | e Li nker skt her sbased reagent sSROCH2CH=CHR( Pd, | r, Hg, Ag, Al kyl,
Acyl Cu, T1, Rnh) Allyl ester Pd(0)catal ysts9. Photol abile O nitrobenzyllight
(hv) Li nkers(ONB) DESYL groupsin |inker10. Free Thiohydroxa- Free

radi cal Radi cal Labil emate esterinitiatorLinkers(Barton ester)11l. Metal-
lron (I'11) Metal renoval chel ate |inkeddi phenanthrolinee.g. by' ~chelation
orprecipitationl2. Thermally Peroxi des—| 8érease inLabile

Li nker sR- 00- Rt enperaturel3. "Safety Methylthi o-Based am nes, Catch”

Labi | eethyl (M e)othersLinkers Dithianes 15 Additional exanples of
reversi bl e crosslinker sLherameuissr mtetbim T W E!ebﬂlnFE@t@e$¢vebéﬁoups in

Organic Synt I&%%'v% Sy l{yadghrcx‘ﬁ@scér% 2o (J'gﬁf"}ln@ncyrqgﬁig{\y

strategies used for reversible protecting groups can ncor porat 8d into a
20 crossl i nkéerswiliagiion foagr qempd tigpre raos st iphkadhapceteicalrystal s capabl e

of revers'b'%oﬁﬁ%ﬂéﬂﬁ&ﬂ“Ef“ﬁdﬂ%&éfﬁﬁdd”‘ fﬁgf&%gue%ﬁéﬁ?%a$§? are listed, in

. Wal dmann' s revi ew of ect, 1 n Ancrewant Ed. Enal.
35, p. 2056 (ngdere 28 lOcHertheypaotefin éwn@ esersed ikeen are di sul fide

bond- cont ai ni ng crossl lvrélg%rl%e he itddrgger b dél]ﬂnccﬁéjlsf\;écgksronﬁoé med by

such crosslinkers is t i on of Ci ng agen such™ as
cyst ei ne, topelbogewniicompemntt (sfudhh@scmos&muﬂoedbqrm:etm Tasteatisa &rsul fide

crossllnkersta&grd%%gﬁlbe%h!n &%%epler f%ﬁéy(gkegqiﬁfgg#)(g%(l994 1995)
es

and nore 5 recently 1n "BIOCO ug St n|q et manson,
(1996), AcadenitégPnesd;s Dhei sm@rmcctfloﬁam.’omltom& @ompeny, 525 B Street,

Sulte 1990, Sa0-De0a, (LA (05, RXASES Ofa AN o AHldinker s

i ncl ude: onal
Di t hi obi s(succi ni m dyl propi onate), also know as Lomant's Reagent ' DTSSP -

3-3"-Di th|0b|s(sulfosuggygkgthhg%&plonate) wat er sol ubl e version of DSP

15 DIBP - Dinethyl 3,37 opi oni m dat eHC1 BASED -
Bi s~- (p-[ 4- azi dosal i cyKayis@ellétinyitydicdumeicdemolpRARs is of great

%AgyELE§?IC)ggﬁﬂérgg¥l@h%gﬁg%?%?%?g”?E?d?%HHR%¥§9lE?thl bbioplon elLC-SPDP
- Succi ni m dfeweteghpiapesi é¢liditt fpw] theopireraretheramdatlarge

15 quantities of such crystalline macromolecules which are
stable outside of the mother liquor. Crystals of
proteins and nucleic acids must be handled with
considerable care, since they are extremely fragile and
contain a high proportion of solvent. It is well known

20 in x-ray crystallography that the diffraction patterns
from macromolecular crystals quickly degenerate upon
dehydration in air. Normally, a crystal is carefully
separated from its mother liquor and inserted into a
capillary tube. The tube is sealed from the air using

25 dental wax or silicone grease, along with a small
amount of mother liquor inside to maintain hydration
[McPherson, ‘A., Preparation and Analysis of Protein
Crystals, Robert E. Krieger Publishing, Malabar, p. 214
(1989)]1. Another technique is to collect data from

30 macromolecular crystals at cryogenic temperatures. The
crystals are prepared and then rapidly cooled to
prevent ice lattice formation in the aqueous medium.

Instead of ice, a rigid glass forms, encasing the



Sul f o- LC- SPDP - Sul f osucci ni m dyl - 6- (3-[ 2pyri dyl dl t hi 0]

pr opi onat e) hexanoate, water soluble 25 version of LC SPDP APDP -

N- (4-[ p-azi dosal i cyl am do] butyl )-3"-(2" pyridyl dithio) propionam de SADP -
N- Succi ni m dyl (4- azi dophenyl ) 1, 3' di t hi opropi onate 30 Sul f 0o- SADP -

Sul f osucci ni m dyl (4-azi dophenyl) 1,3'dithiopropionate, water soluble
version of SADP - 60 SAED -

Sul f osucci ni m dyl - 2~(7- azi do- 4- met hycoun®33 n- 3acet am de) et hyl -1, 3' di t hi opro
pi onate SAND -

Sul f osucci ni m dyl - 2- (m azi do- oni t r obenzam do) et hyl -1, 3' -di t hi opropi onate 5
SASD - Sul f osuegshial dykh21fiptazi desalgiecyl arydapékhylcd, 3'heti t hi opr opi onat e

SMPB - Succi ni m. dyl - 4-(,p-nmal ei.m.dophenyl ) but yrat e, Sul fo- SMPB - .

Sul fosucer ni nFAYLELCRHaRE: h00ophen| PEGVGF b GEY8t Shpses T tegrations

9- Succi ni m dylraggarbonpl. wnet byl Mathpgr idy EhkiveblbaluerasSyl tarterSMPT -

Sul f osucci ni m.dyl - 6- ((a- et hyl -a- (2pyr.idyl thi @)t ol uam dag).hexan e. In

parti cul ar, g%é%PaFPglee ap5e¥3%3¥§a§§mi§ % F8§Veﬁggﬁ66r8533%inkers,

Horobi f unchi onaP3Ti dss Whmker shandtHehedgbief addbivenaheCtoassshintlkens in

"Bi oconj ugat e_Techniques.!,. .By G.T., Her manson 1996), Acadenm c Press,

vy on of FETSouPt TP B¢ B aRG T To 08 tRoG: fedlor syt Ea 86" 8n bi ego,

CA 92101- 4495us@8 &rosshpakaedupest righeryshahslosefkl in the protein

fornmul ati ons of the present_invention may .also be. prepared according to the
bhr eREFgnchesrea1FRRa5 :

met hods set forth in PCT pAfeht Bppri n°PET 4%85. PEREAPSH at i on
of Protein Criygtaysphil25aPobyrer HowEaerj ethidccecnhingueoinnelerbodi nent of
this invention, ¢ ositions_are produced.,whe rotein crystals are
encapsul arbd TP Ll Peabthgnas phRs RAFEEcarr PER POR1 S neRPLiBEpRETYs by
virtue of enceapsfitatteonsB88bWetbradtbesmat The afuetbespsbyuetibn carrier to
preserve theig.natiye and biologically,active testiary, structure. The
crystal s can %%r%%céﬁgﬁ?%tg Bg?ﬁaen -4§1an§ar$§d%'bi%%%ﬂbaﬁ?%lécgnd/or

bi odegr adabl eipotgmevsed handarg vacquer. pr dper Eoemavhoshiar essuiigbl e for

delivery to different.biological enyitgon rofor.effecting.specific
functi ons. TH%e?gfgc%%Q%iégo#%gi%ﬁo e%ﬁdggpﬁg?gf%?gglagriVé?ggéPgagtive
protein ik5daetexbtunedobycthetphst andl amoepbapsuprécbpitechni que, pol yner

C o o Yt o1 B2k L 00 BOLYPET okt B VTEL 381 Uk 11
crosslinking the crystalline state, that are pure and stable under
storage conditions at ambient temperatures. Such
' crystals constitute a particularly advantageous form of
20 proteins or nucleic acids for dosage preparations of
therapeutics and vaccines. The present invention
provides formulations and compositions for storage of
crystalline macromolecules as either solid particles or
dispersed in a non-aqueous solvent. Furthermore, the
25 invention may be applied to the storage of a single
biological macromolecule or a mixture of macromolecules
that do not interact with each other.
In another embodiment, this invention
provides a method for rendering biological
30 macromolecules suitable for storage in suspensions
comprising replacing the mother liquor with a non-
aqueous solvent. 1In yet another embodiment, the
crystalline slurry can be rendered solid by spinning

out the first solvent and washing the remaining



10 Protein crystals or formulations to be encapsul ated are suspended in a
polynmeric carrier which is dissolved in an organic solvent. The pol yner

sol uti on must be concentrated enough to conpletely coat the protein
crystals or fornulations after they are 15 added to the solution. Such an
anount is one which provides a weight ratio of protein crystals to pol yner
bet ween about 0.02 and about 20, preferably between about 0.1 and about 2.
The protein crystals are contacted witth p8l yner in solution for a-period of
time 20 between about 0.5 minutes and about 30 minutes, preferably between
about 1 m nutes and about 3 m nutes. The crystals should be kept suspended
and not al | owety 4t ldgigree gt lel dasa g iy sarse awad ex pynronsatventt hot he

pol ymer. 25 Follou Q%éé]:%t foqqao%éd }:EBEFee\Fa[ntyosfﬂzfoxpegpnPh%O éﬁg. and are
referred to as nascent m'crospheres. "The nascent i CfoSPheres increase in
Ssize whil e ceafuempsocaure=nt.n a preferred enbodi nent of the invention, the
suspended coated cryst ar ce 1.crospher ong with the

pol ymeric carrier and gdrogja%ch.égoé‘]sve@n]tdpar?leeﬁsr%sf%%‘g%ﬁt%n% | ar ger vol une of
an aqueous$ sdhdrapewort gmiteg.re surd acpeacitd Mey ageafyl kfiown as an

emul sifier. 1.t u l.ytion, .t. e ngscen m crospheres are
imersed in tué"éﬁlgt&g’%@%p?é%ﬁf}éfﬁ &ﬂ\%}(ﬁ%ﬁ?ﬁcﬂg&% gan‘:iltglé% v%ﬂ% evapor at es
or diffuses awesalflnomutibeddomeulnerentyuadninistponton s reathedawher e t he
pol ynmer is ngq, | | yhl.e .and f ar. ecd pi t.at ed ph encapsul ati ng
the protein %‘rey@?’%?é’ égoggtrg:rl%ﬁ]lqaaﬁ a;r:gls%o lo?érﬁq‘la bgloo(rerlpoogll‘%ggn. Thi s aspect
of the procesmdromodfeculed whiah kardenififg cflt e pdlivesr cogasther or

pol ymer . .TFhe | sifieer I r.educe i facial. sur e tension

bet ween ﬁﬁe &ﬁﬁﬁgﬁgOgﬁggggnﬁ%tkﬁﬁfgghin &Q%”sggﬁéﬁggﬁ%FH%’t%gflo har deni ng
phase of the partendssppAlitertianisv&Oy 9 6/32t15e ,c ¢&t 19Ty 2l 83reandhad®O sonme

i nher ent sur%ggﬁl%%%Bvity, there may be no need for addition of a separate
surface active'agent. ‘Enul sifiers useful to prepare encapsul ated 15 protein
crystal s accordi ng to fhies priovednisomreifleginede tpolbadiow|iratlootwl ) as
exenplified herei rfactan d,ot her sur e .active, agent ich can
reduce the sgrpagght%%gfg%l%e#%@%%e%%gsﬁoﬁ?mgpQggggéfﬁﬁQné§¥F%ﬁ%@taIs or
pol yner d&éat edmprystal DdAroraRNanshict ehneoc2e ddlagd grot@iganiwpsmwl vent s
useful to pr I e.m.crospheres of the present invention include

met hyl ene ch%%?% é%QePﬁ;%kgéetate, chl orof orm and ot her non-toxic sol vents
which will depend on tRbipr apsenitésnobdviaat2gessisiiverprSuldent s shoul d be
chosen t hat il .2 h ol r.e Eﬁg& [y - i C.

preferred en%ghpggﬁkégpgtgpg Fﬁ%@%&?@ﬁoﬁg Fﬁé%! he%gf§g$; éﬁ%%%?%; t he
protei n crysval sucdefni ataidsed during the encapsul ati on process. The 30
crystallinity is maintained during the coating process by using an organic
solvent in which the crystals are not sol uble. Subsequently, once the
coated cRystals are trahabadd¢ ] g eds@rnwsttalg api d har deni ng of
the polyneric carrier ufti chent at.i.ng 0 cystals in the
previ ous step shields ?Egsgrégtgkﬁg%egnaﬁggig?Efpg%%ﬁiﬁéﬁéﬁ#%ﬁg I n anot her
embodi nent, thetupgotkior sssbiidkéd provwienodr ybeame sftadimpariiagst mi nt enance
of crystalli gblyabeloLB LE-29UeAYS BRAuT058NICE $alNfs. The pol ymers
used as polyneric carriers to coat the protein crystals can be either

hono- pol yner ®igroparpdcykecs. dehaveaye syt thpdgr hpdi sogftndie tier ospheres i s

largely detepghpgdebyst BeoR¥IRAl YSTRe stability of proteins

encapsulated in polymeric carriers may be challenged at

three separate stages: manufacture of the protein
crystal composition, protein release from the resulting
composition and in vivo stability after the protein

30 release. During preparation of microparticles or
microspheres containing soluble or amorphous proteins,
the use of organic solvents and lyophilization are
especially detrimental to protein stability.



10 rate of the individual polymer species. In general, the rate of
hydr ol ysis decreases as foll ows: polycarbonates > pol yesters >

pol yur et hanes > pol yort hoesters > pol yam des. For a revi ew of

bi odegr adabl e, and. bi oconpati bl e polynmers, see WR 15 Gonbotz and D. K
Pettit, "Biodegradable polyners for protein and peptide drug delivery",

Bi oconj ugate Chem stry, vol. 6, pp. 332-351 (1995). In a preferred

enbodi ment, the polyneric carrier is comgosed of a single polyner type such
as 20 PLGA. In a next preferred enbodi nent, the polyneric carrier can be a
m xture of polynmers such as 50b PLGA and 50$ al bum n. O her pol yners useful
as pol ymeric SaPFRerENELYprEphresedchptiehbedaprofeisse@tydtlal $Cccording to
25 this 'nVe%bP@tuPéLL'H&u@éQCQJF'&@é@QJc%Q' oeﬁgga%@b@t&@ﬂ yaers sel ected
fromthe group consisting of po (acryllc acid), poly (cyanoacrylates)
poly (am no aE?E@§ne%BIynéﬁﬁhV@F%@@s) poly (depsipeptide), poly (esters),

such as poly (lactic acif)opiePle zE)@IHi/e(r@ ﬁﬂﬁﬁygke&w rs%b%)lltepl y
(caprol actone) and poly (di oxanone): poly | ene glycol), poly

(hydroxypr%py@?%%@%é%??P%ﬁ?Héonp%fypf?B?b%n%?ﬁﬁ@éﬁﬁ&?@ﬁe?ndpoly (ortho

esters), polyodihowlt 8b6oNkdor@Ohy €¥ifi¥é pp(fé@éheoaﬁ»enﬁbﬁf' G tanhydri de
- 64 alkyl vinyl ether copolyners,; pluronic poiyols, albumn, alginate,

cel | ul ose and@e%$33BE et @leFevBE i Gesthe gneybht Y f PBr iAdigaraeiln, hyal uronic

acid, oli gosaﬁf@@ém%wéuf@@ rLOQ'é/@é‘éul@%é@ﬁchﬁlg%)ﬁS%ﬁdﬂﬁE' des,
blends and copol yners thereof. O her useful polyners are described in J

Hel | er and R S¥Y$Hzhiine 'I'fh@bqtql sirit Pr ackiee et WaRPPEE| ed Dhiaig Del i very.

from-Bi odegr adabl £ 50l BT So 1 i SCAAEN GdY 858 a NeYLar K 1980); K OR
Lehman and D. K.~ Dreher, 10‘%H§rnaceut|ca Technol ogy, ntPNEWé 5- ,

pp.
(1979)i E M GRfirgRinies aorpheuampdy, cEIs®al Hingeour Rae shree-
M croencapsul @i 041 Pond-rdife (JA88) -t R6ehellgdeROLY R nWyl |

depend upon the particul ar proteln conponent of the protein crystals used
and the 15 i riteriel Lisee graterel ahdgruintte@eksst BhstheopmorahPess and

conposi tions)sratd ! ermatt yetmord heck?@';y@éﬁtﬁyr@@f %b@@chﬁggnkamst%é be
used for encapsulatlng proteln crystals (see D. Babay, A. Hoffmann and S.

Benita, Biomfi@rang sSRfhen 1o kafyion | gBgjhe 2anPAPRORE e®Er 1 ed

enbodi ment Ohﬂ&Ufalgﬁg¥H§(NheIggE¢grkdﬁﬁﬁgéﬂfbﬁq% gpg@pgglated in at |east
one polyneric carrier using a double enulsion nethod , 1llustrated

herein, usi nF&gadhigie state as Hoisy aﬁi“!‘-?@%ifgII%%F?F@Sa@@H ben a nost

preferred 25 prhodigmnte Oéhérhlt%élm/wys)dhntme RObYABErparts.
Pol yl actic-co-glycolyic acid ("PLGA").” PLGA is a cop oléner prepared by

pol ycondensat i on react i BRI th deRiGES dhal 1eiativadsrhebity aéid (" G').

Various ragi %é)fqu_mﬁ m&%ltae%tt&émcw atendihg8a3Pugb¥at aiphBety and
hydr ophobi ci t t he PL pol yner. quh crystallinity of the polyner

results in sl %\@L di 's o1/ b Ken @aRngiR s I W 20- q9¥5'@3%bh{1§nﬂnt end to
be anor phous xg qﬁqadﬁElébﬂVéﬂt|‘%ﬁﬂséﬁlﬂﬁé&“¥r§%Eﬁlllﬁ@sﬂﬁt209 good

pol ymer crystalli y. For nore - i nformatlon on preparing PLGA see
D. K. G | di ng #dnaqvsRaent " Birsfegriddeds €5 Sadkel ke ovltleutn

Surgerypol y(@%g.qlf&)goqq}éﬁﬂ actdicnAd d) R afith €OPPLYFRT $ind- ¢rEO! yer
vol . éga 1464 (1981 PLGA degrades after exposure to water by
hydrol ysi ofrqtr?é-r@sti?é)r% t?d-‘rm%tr?kafg@ MPRE dih@hohl® oxeerfohenePs of lactic

acid and gl yeldsnidCidhivent. In contrast, both amorphous and
soluble forms of the enzyme are completely inactivated
within hours. The present invention advantageously
utilizes the crystalline forms of proteins because of
30 their superior stability characteristics.

Maintaining Crystallinity

In order to use protein crystals as the
protein source for preparing protein formulations and

compositions according to the present invention, the



I n anot her enbodi nent, doubl e-wall ed pol ymer coated m crospheres may be
advant ageous. Doubl e-wal | ed 10 pol yner coated m crospheres nmay be produced
by preparing two separate polynmer solutions in nethylene chloride or other
sol vent which can di ssolve the polynmers. The protein crystals are added to
one of the solutions and. dispersed. Here, the protein crystals 15 becone
coated with the first polyner. Then, the solution containing the first

pol ymer coated protein crystals is combided-with the second pol yner

sol ution. [See Pekarek, K J.; Jacob, J.S. and Mathiowitz, E. Doubl e-wall ed
pol ymer m crospheres for controlled drug 20 rel ease, Nature, 367, 258-260].
Now, the secorcbbehyofrpeoatapsutayssatlhdikisodntpohy mert sdidec it hies

o a | ar oot UBrhES BT LR aHRbheoRol (TIPSR Cont Ao g oCLPPabE act i ve

agent or 25 eretcofieer. Ihnotder atienasnsabint pantetihe cyglstentl ievayor at es

fromthe two l.yner s tions and t polynmers.are precipitated. The above
process can %rggp%??%? rr%]%jg%%l?héyéi %%e?gﬁrgfédﬁc%rl?& 8l s,%%ISNRrE?ﬁ:eIQIQA

crystal s,5 ofc 3@ fal niibatw basiohs amyd ofompese tiionpr oduc@iconposi ti ons.

Formul ations, according to this inventign_c rise a protein crystal, and,
at | east onell‘(r%e@ﬁ%%ﬁ’ré’nté.e t ff%??ru?%?ﬁ ﬁs%g&e Sh&ﬁg%ﬁeri zed by at least a
60 fold greater shefdtdldershainsioredeamobBef 1iqub6 ihhahet beussleubl e
formof said protein in.,solution at.50 C _as.neasured TL, ~.

A ternatively ey RS ETEY PR oL By vaPer asptaPEyTheT Bibhier shel
i fe when stored @dlvfefiancaybietsim diiayyt bampbtadS nestioinul ated form of
said pratein crystal, when stored at 40 C and /5~ hum dity S asured by
T2 PG nat | Pt ey S S Pha fie, oRt6) ar PRIEE: APBBOGRoat er shel f
i fe when stored atgali € $dbwerite, noné ocompat el éowintaf psaislepr ot ei n
crystal when stored 10 at 5 s. neasured by T1,~. Alternatively, they

0.C
are characteri zecP]iﬂ/c‘?%se”?%s%O%ql *¥%°than 20~ a-helical structural content
of the protein after storage for 4 days at 50 C, wherein the~soluble form

of said protgein lL.pses nmore than 5 f its a:helical structural 15 content
after st oragzg‘ forIPJéq%tolu % Oa% %OSS(??P% l?r%asu?réﬁ fﬁggﬁj%{. cﬂ?g?gati vely, they
are characteri zedipsdheimssowisidssthdanofDéral hghoecableséndst anal cont ent
of the protein after orage for. 4 a rein th olLuble form
of sai dripfot ein I%ogédslsérrloor asg’t Ha C%Cﬁ—gyﬁ‘m{?%gegéﬁﬁ?gtaw%%?lﬁ %u!r)gl cont ent
after storage fomektdbourenst $HEciC asaszmepaCureddbgaFah& and wherein said
formul ation is characterized by at_|e . fold. g ter s l'ife when
stored at 50 C than T He <orubt eoﬁé#rﬁcg?}s;sg?lggﬁfotg n(rsﬁy%%gu ﬁ%%eat 50 C,
as neasured 2 5 onditzongomposidamnslaecdownnghé odibhssluhventobn conpri se
one of the above qg§ i.he ot el Y foryulgtjo at ast one
pol ymeric carrier, \ﬁ%érlesl ﬁf%i#e‘%é(}:raﬁi’ullg%‘%%' i sﬂgngfé%sg 1e :g%met htha mat i X
30 of sa&0d pol ympriccasw rdfemidddmmaticwbaye fonpasionohs weryrfeag to this
i nvention conpri t LNn_Cr nd_a one
i ngredi ent. Such%gléjrrg{(;m aﬁolr?gr?n%@é%}éé%(gé(g%t%(?iﬁz{%&i&%‘f/ga}qoI %%Jé‘?f%%%o fold
greater shelf life - 67 when stored at 50 C than the sol uble form of

said protein in Ut | 50 as TR r ixely, they
are charact gr’i zegjybl;éda Ofalgaesjgl ac%yﬁ%ﬁ' gfglg?elgg% eefflflé%égwg%% lé?or ed at
40 C and 75>~ 5 memadiad/ hyhafi ke tricorf oamdl| Bhedrémaimbhgsai d protein
crystal when stor & d .750 1. di re Tl, z.

Al ternatively, tﬁ% sgéaeﬂghna%r ?c]afsetrel 7& br%/ga%ly}%g:?gggg& lg?aé%’fer shelf life
when st @%d at 5GraCuirmgn Hhevasmifray nul @t edater mbscshid prodmia crystal 10

when stored at 50 C,_ as neasyured.hy .T1.2..A1L tively they are
characteri zed byst evqrgcsss acﬂ“:wloerssb hleéﬁdé%lgjl‘zé%%ﬁ?%al structural content aof
the protein after storage for 9 days at 50 C, wherein the soluble form of
said protei Q.l OS%SfotrQLrne ctrhyas a51050 coa],cnllgeS c'erz]rgzl.c':gfiy crosslinked to

form non-dissolvable or slowly dissolvable

crystals.



15 structural content after storage for 6 hours at 50 C, as neasured by
FTIR Alternatively, they are characterized by the | oss of |ess than 200
a-helical structural content of the protein after storage for 9 days at 50
C, wherein the soluble formof said protein 20 | oses nore than 50~ of its
a-helical structural content after storage for 6 hours at 50 C, as neasured
by FTIR, and wherein said forrmulation is characterized by at | east a 60
fold greater shelf life when stored at 5@ +han the soluble formof said
protein in solution at 50 25 C, as nmeasured by Tl,z In order that this
invention may be better understood, the follow ng exanples are set forth.
These exanpl eS. areThercthetpur pose ehdi shapler aanobeonky ignd ateel reid t 0 be
construed as Iiniting th lééoge gL 30 the inyention in.gni.nanner. - 6s
EXAVPLES Exanpl e 1CPTPAS ndPdaPPuS8YESEi SAsETEPTELarFEZAPPon: Materi al s:
5 A - Candi da rugosaukj paseapgedet Brys€alli merphwdesikedi akarht @atdnidh) C -
MPD (2-N@thy|-2,9-§§$ aned%oll D - gnM .ac%tate buffer pH 9.6 _E -
Dei oni zed wat er 10 BERUF 91 ASIRE LGP §dBETIFS PR séubéﬁﬂBFnﬁ&§ n xed
well with g kg of getféeenndstbeniiédlrelediset pirbedlvat ebmpaseadaed. The
m xture was stirred to dissolve the |ipase %o%dgr. After dissolution was
J12e4er

conpl ete, the 15 pHRGERPQUTF URTRESDSo. 858 c acid. Next, the
solution was filtered to renove celite and undi ssolved materials. Then, the

filtrate was punped thrgugg a 3£k cEt-off hol I ow fi ber to renove all the
proteins that were |es L weight. Distilled water 20 was
added and the |ipase fiTheapeore@snpospetitheatghothenhbokkbemufiebebndntil the
retentate conductivit S equa% to.the conductivity o he distilled

f
water. At thi¥ cﬁ?ﬁ?g%h LR ©F ohRbF HREENF1ER Wﬁyepemééo§ﬁoﬁ &f”and 5mm
Ca- acet at¥0 bui fernaasr alltedor Neyhth&ai a8kl gt Roddrhefif er Tneg el wered by
punpi ng t hrou the hollow fiber until the condEchivit¥ of the retentate
was equal to $hEETRNYRITS tYRAFPRART @EE LR 1 af BLBOPPEPLeARSt hat poi nt,

addi tion of thwidpwifdesings méopPestedhnerbtpofe, SohnbdiofivaspeoBeenkrated to

30 ng/mM solution. The 30 cr¥stall%zatt$n was gn' i ated by pumpi ng MPD

i
slowly into tHe TP SBFREF A 82 5EPPF ng=URAdPFP ﬁl%f MPD was
conti nued untdadnst Phrewvios /moy 198 MAP pesStein, 69ncleached. £dhe m xture was
stirred f 24 hr L ugﬁil 905tof the protein haﬁ ;rﬁﬁtalliz d. _The
resul ting tryStHR Ser %ﬁ@ﬁﬁﬁi%ﬁt?F%Fgﬁ?ﬁfleaP on2bht FePrPbSHBRobve all
t he sol ubl e naichiding ramibedteyst@léaning agent proteins,
including detergent proteins, personal care proteins,
\ including cosmetic proteins, veterinary proteins, food
proteins, feed proteins, diagnostic proteins and

20 decontamination proteins.

In one embodiment of this invention, such
proteins have a molecular weight of greater than or
equal to 10,000 Daltons. According to an alternate
embodiment, that molecular weight is greater than or

25 equal to 20,000 Daltons. According to another
alternate embodiment, that molecular weight is greater
than or equal to 30,000 Daltons. According to a
further alternate embodiment, that molecular weight is
greater than or equal to 40,000 Daltons. According to

30 another alternate embodiment, that molecular weight is

greater than or equal to 50,000 Daltons.



5 Then, the crystals were suspended in fresh crystallization buffer to
achieve a protein concentration of 42 ng/m . Exanple 2 Fornul ati on of

| i pase crystals usincr sucrose 10 as excipient: In order to enhance the
stability of lipase crystals during drying and storage the crystals were
formul ated with excipients. In this exanple, |ipase crystals were
formulated in the slurry formin the 15 presence of nother |iquor before
drying. Sucrose (Sigma Chemical Co., St.zgouis, M) was added to |l.i pase
crystals in nother liquor as an excipient. Sufficient sucrose was added to
li pase crystals at a protein concentration of 20 mgs/m in nother |iquor -

(10 mM 20 sodi um acet at g, OUfd &l anth P - £, 803 #6 N0s 10 aMGRL /UM chl ori de
and 20$ MPD) to reach a final concentration of 10~. The resulting

suspensi on WeGmtedt @ FHEFR I UESTDr BSHRerafeer Ly¥aaeRent with
sucrose, the gy, a%éﬂés él@ér?yﬁaei@rc;}}@p!aéé@mﬁf&éf@&we%% centrifugation

as described in , meth anpl e Fornul ati on of |ipase
crystal s usi r%%@‘é‘f%%"ea%%s exdipmnies Jof e ases cigstafs were
formul at eds a%lé‘st@%'@s@eré@’e Aaddidsd 1 etiad 0SEs sd NSik@ds F, sucr ose, - =0

(Sigma Chemcal Co., St. Louis, M), to a final concen ration of 10~ in
mot her | i quoReC T dsay IRy Sty GFRMER T ed WEe2%0m t enper at ure f or

3 hr and the sfifbi:sflalsglr\’ver@l fstﬁ{j arrrd)raﬁrr@r |;5:%Ee§la§é’s Saggntrifugation as
described in Exanple 6, nethod . |l e Forrmul ation of |ipase

crystal s usi iy SCxmeet h-Hanrlesg ¢t (@me%slfé—‘x]d-}%ﬁ entdohdses pasd crystal s
were fornul atl"%l‘b%!ﬁgngnllcé PG ET hylﬂh%}ﬂ)@sd%f %M@feﬁc%@ﬁégv"s The

crystals, in the nother uor at 20 were separated fromthe nother

i quor b;}ocemnqlf%mwwdamo qusrrﬁasfera Beaffn CE- R Dehcebpl

centrifuge e H%ng) iddsel RGkBlo gt es Ne he.gsystal s wer e
suspended |nq%)g ol yet hylié%igdggilé(}g for 3 r%frs (S ?Sgrra)@é:h%% c% @

Loui's, MO ar%d‘ct S BEAESE R %L FAREAR i on, as described in Exanpl e 6,

method 4 or 5. 20 Examgigm ey B atdangdudiid o%s%)fdp&ﬁ?éétyé' ng
met hoxvpol yet hvl ene gl ycaol (NL’PEG) as excipient: Lipase crystals were

formul at ed” a®HAF ESRFPINE P POFIANES 1SHETEsHh RFDIHR et EEPEORT ycol |
instead 2% Ofllskl@rpﬁ-}iﬁ::ldé 11NN € YPRGR/HMAI N hralcis, Geiradhi&s, . St.

Louis, MO in nother |iquor and separating after. 3 hrs by centrifugation,
as in Exanpl ériligiaicy Arewth factors, postridical hormones, nerve
growth hormones, blood clotting factors, adhesion
molecules, bone morphogenic proteins and lectins
trophic factors, cytokines such as TGF-3, IL-2, IL-4,

20 «o-IFN, B~IFN, y-1FN, TNF, IL-6, IL-8, lymphotoxin, IL-35,
Migration inhibition factor, GMCSF, IL-7, IL-3,
monocyte-macrophage colony stimulating factors,
granulocyte colony stimulating factors, multidrug
resistance proteins, other lymphokines, toxoids,

25 erythropoietin, Factor VIII, amylin, TPA, dornase-«, a-
l-antitripsin, human growth hormones, nerve growth
hormones, bone morphogenic proteins, urease, toxoids,
fertility hormones, FSH and LSH.

Therapeutic proteins, such as the following,

30 are also included:

leukocyte markers, such as CD2, CD3, CD4,
Ccb5, CDh6, CD7, CD8, CDlla, CD1llb, CDllc, CD13, CDl4,
CcD18, CDl19, CE20, CD22, CD23, CD27 and its ligand, CD28
and its ligands B7.1, B7.2, B7.3, CD29 and its ligands,



~1 _ Exanple 6 Methods of drying cr~rstal fornulations: Method 1. N, Gas
Drvina at Room Tenperature Crystals as prepared in Exanples 1, 10, 14 and
21 5 were separated fromthe nother |iquor containing excipient by
centrifugation at 1000 rpmin a Becknman GS-6R bench top centrifuge equi pped
w th sw nging bucket rotor in a 50 ml Fisher brand Di sposable centrifuge
tube (Pol ypropylene). The 10 crystals were then dried by passing a stream
of nitrogen at approximately 10 psi pressife into the tube overni ght.

Met hod 2. Vacuum Oven Drvina Crystals as prepared in Exanples |, 10, 14 and
21 15 were first separated fromthe nother |iquor/excipient solution using
centrifugatiofiD3ap apdoiEpmiicgandBe€RABNACS- 6RshéAgancogrddnt IGH4dge equi pped

Wi th swi ngi nchh'gkﬁhdr%BEoHﬂs? e8..8b Ebﬁﬁgﬁtﬁr %F&@i? SPOS@hls PApHY opyl ene
centrifuge 20 tube. The wet crystals were then plac d 't a vaduum oven at
25 in Hy (VWRCBEPenEPTRe ©TbHuét skhFAtlreonm fE€Rperature and dried for at

east 12 hours. Method g, LyaphbLt 78190, 28,k yshal S A8PLepRERd i

Exanples 1, 10, 19 and were firrst separat rom t'he nother

| i quor/ excbpi ehéssolubkohIlushhigernt r thagaewda Xt ahd0Q@emsm iShex,Beckman

GS- 6R bench t entfLfu egyLpped with sw nging bucket rotor in a 50 m
30 Fi sher bra%gegis%%éébggdpgﬁggfopylene centrifuge tube. The wet crystals
were then freeze dried ustagran¥irsushlLgopWihrier VMBdEl, YQAFZ, VLAF

sem st oppered,Vvig} g.sTherghel [ eppgrature was slowy reduced to -90 C
during the freéz?ng step. T isntenperafure was held for 16 hrs. Secondary
drying was then carriedaduesior mpbedtetes, hpuchsageMpod19andr gani ¢ Sol vent
and Air E{giné%gﬁyggals as prepared in Exanples |, 10, 14 and 21 were first
separated fro e ot her |1 quor/excipient solution using centrifugation at
1000 rpmin a Becknman Gs=b&chensh sophcaat brayectineqii-ppédcuinh as ngi ng

bucket t j L sh | I I et rif
Lube. The or yEiATECaErE Than: SOEpanuRd Ch S BraaR CCEarYent ke ot hano

or isopropanolCh¥-2tayd BERtate or other suitable solvents, 15 centrifuged,
the supernatant was decgﬁﬁgglgﬁgi%#r drigd,at 110 n1&gu9erahuéf iR, -yhe fune
0 . ) r [y 4 ! 4

hood for two days. Meth ina at Room Tenperature ystals as
prepared 1h Exanpi ebl16, 10L-14 Bpo8211L-10, IL-11, IL-12, IL-13, IL-

14 and IL-15;
interleukin receptors, such as IL-1R, IL-2R,
IL-4R, IL—SR; IL-6R, IL-7R, IL-8R, IL-10R, IL-11R, IL~-
' 12R, IL-13R, IL-14R and IL-15R;

20 chemokines, such as PF4, RANTES, MIPla, MCP1,

NAP-2, Grooa, Grof and I1IL-8;

growth factors, such as TNFalpha, TGFbeta,
TSH, VEGF/VPF, PTHrP, EGF family, EGF, PDGF family,
endothelin and gastrin releasing peptide (GRP);

25 growth factor receptors, such as TNFalphaR,
RGFbetaR, TSHR, VEGFR/VPFR, FGFR, EGFR, PTHrPR, PDGFR
family, EPO-R; GCSF-R and other hematopoietic
receptors;

interferon receptors, such as IFNaR, IFNBR

30 and IFNyR;

Igs and their receptors, such as IgE, FceRI
and FceRII;

blood factors, such as complement C3b,
complement C5a, complement C5b-9, Rh factor,



20 were separated fromthe nother |iquor containing excipient by
centrifugation at 1000 rpmin a Beckman GS-6R bench top centrifuge equi pped
wi th swinging bucket rotor in a 50 mM Fisher brand Di sposabl e centrifuge
tube (Pol ypropyl ene). 25 Subsequently, the crystals were allowed to air dry
in the fume hood for two days. - 73 Exanple 7 Soluble |ipase sanple
preparation: For conparison, a sanple of soluble |ipase was prepared by

di ssolving lipase crystals to 20 ng/ m -5 4th phosphate buffered saline, pH
7.4. Figure 2 shows the stability for soluble |ipase. Specific activity
decreases extrenely rapidly with tinme. Wthin 2-3 hours, the specific
activity decribsesndégem abboriBcandnmyedini assgcprdateel wriowtdbout 10 100
unoles/nin/ng-&g*g%%%F(N' an approxi mate 85~ decrease. The T"Z for sol uble

| i pase was cal'cufated to be 1.12 hours. Exanple 8 ' dive oil assay for
measurincr |ipase 15 acthwipyoteipasenstysuahs dfommhEx opimed atidneer e

assessed for (VA §9¢1 ive. oil H 7. uffer. The y was
carried out ti éi%%ﬁééca (§§%§?%g¥§}?g%?bﬁﬁgF?ﬁcéﬁgo%g 8ytg€t%?§§édure
descri bed 20 syniRrelr mozut ¥ eadniEnzamesproPedperhitégeand nAd saly ngbt Hods, R

Ruyssen and h@w r Eﬂ§ ) jent L fli i shi Conpany, Ghent,

Bel gi um (197%% e\z,a%erslrtesé .S &?)\%icg,l |Me%§{1§?§%; §9§g%g.’5vdﬁ1aéf gum ar abi c

(Sigm) was dwesidaedpratdBis mswdh viad e€MV 281 ptoptoakive B8i | H( Shgnma) and

enul sified usi i.ck P m xer ] S. Titrant . 0.05 M NaCH

S sol ut i on CE T GG GO ol Pias et SEhEy rdw EhbRdgbe %0 ¢

M x: 40 m ofglSotapgriare KsvaHISOnveEbme t hl oprobeiBel uEBUNeBvahdp&00 nl

of HQ 10 glycoproteins, VZV envelope glycoproteins, HPV envelope
glycoproteins, Influenza virus glycoproteins, Hepatitis
family surface antigens; viral structural proteins,
viral enzymes, parasite proteins, parasite

glycoproteins, parasite enzymes and bacterial proteins.

15 Also included are tumor antigens, such as
her2-neu, mucin, CEA and endosialin. Allergens, such
as house dust mite antigen, lol pl (grass) antigens and
urushiol are included.

Toxins, such as pseudomonas endotoxin and

20 osteopontin/uropontin, snake venom and bee venom are
included.

Also included are glycoprotein tumor-
associated antigens, for example, carcinoembryonic
antigen (CEA), human mucins, her-2/neu and prostate-

25 specific antigen (PSA) [R.A. Henderson and 0.J. Finn,

Advances in Immunoloqgy, 62, pp. 217-56 (1996)].

Administration and Biological Delivery
To date, therapeutic proteins have generally

been administered by frequent injection, due to their

30 characteristic negligible oral bioavailability and
short plasma life. The protein crystal formulations
and compositions of the present invention, which



6. 0.5~ Album n: 7. Lipase Substrate Solution (solution 7) was 5 prepared
by, adding 50 m of olive oil enmulsion (solution 1) to 40 mM of MXx
(solution 5) and 10 ml of 0.50 albumn (solution 6). Assay Procedure The
| i pase substrate solution (solution 7) 10 was warnmed to 37C in a water
bath. First, 20 ml of substrate was added to a reaction vessel and the pH
was adjusted to 7.7 using 0.05 M NaCH (solution 2) and equilibrated to 3-7C
with stirring. The reaction was initiated 4y addi ng enzyne. The reaction
progress was 15 nonitored by titrating the m xture of enzyne and substrate
with 0.05 MNaOH to maintain the pHat 7.7. The specific activity
(unol es/ mi n/ ngiprdueenniggopeglidicula tiehdaiseicdt isals tradtned red@@se
concentration of -thest Fbranty, a 0fd@§ﬁ€%§ The nt was 20
determ ned by r%ﬁnlns he ?egﬁgﬁgn@%ﬁﬁﬁout enzy = yz%ﬁgPQEJbuffer in
the place of ehmyﬁevﬁﬁ Phélﬁ@écppmnlnﬁ%@@r@ndE@mﬂMaan?nA@blquy? 25 The
shel'f ‘activi tysQEb&erQQbSd 1%%3%3%%&?%@%‘5&' " 3 MR LTRAS U %43&5' ng
the olive oil assay as descri be crystal's (5 wer e
di ssolved ih 15MWOangh@Qpﬁaa@tbyeﬂ@ﬁé@ §ap|aml(lt|1@§ R pHe7 resmett he
activity was doHsLRY Ak ubsty f
stability: Thg?gﬁg§? g#a%?|5?§b§§og 53§e§%§?a?§§$§ﬁa Sgggq%%ﬁﬁagﬁiﬁﬁm
from Exanpl es mOSemaﬁftaiEhédde&ﬁVEMYaOﬁuﬂCdﬂww @ﬁaﬁﬁem cohtlgolilfétamt 75~
relative 5 hu y gr a [ of the
crystal s was 2%§§Erggggn88|ss IV|ngE§EgngOE§AE§é §a&% ég %h PBS
buffer, pH 7. 4fonmé@|ti<ngsthedacomppsytnnnsheleglcm@e@h hexeday and t hen
conpari ng th the initi 1 l.a d by Met hod
5 Figure 3T2homs t he she #régggkﬁﬁ?ﬁ %P§;¥ ﬁﬁb I|g§5egéggsﬁgﬁh%fornulated
wi th sucrose, pr@hai@s@rmaaPE@nvmﬂaymaired blfeln@temdcarrm@sms t he nost
protective excipiLgp L opge b GEQ I . Crystal
Formul ati ons E#?e %ln%@ % gﬁ4sF¥33§eE46§howg %E s%gpkrgggb?ﬁﬁty profile
of lipase crys@@mgemblﬂﬂaht@drmneh cucrdieyvanitehgedsén PECCanESMOPEG. \Wen
dried by met hogngrmgééuEfeapge ngéré’éf?al29a§@crce§ﬁu§agMEEgn\ﬁere simlar in
their ability to preserve enz activity as neasure effect on
the T1, 2. Hieh@¢m@@sMbsom@ssvpt@renaryefgrmuﬂpag@naetpv|pyaﬂhanzwm@ ot her
excipi ents. Shglfy ﬂﬁ@h&éﬁ% 0B 2 THfiebLMBat eaUkLednhobl 1GaRRECk bl Bl [ Vity
of the enzynme to decrease 0~ I's known as 8 e 2 shows the
effect on the ﬁqr~e¥#mmh%rsﬁééﬂﬂﬂbsaédDVVaytfoﬂoﬂoﬁﬁﬁhaﬂgéﬁ§:of dried
| i pase crystal% ﬁﬁ | PBSRI ﬁHC rias t@gcggﬁgnprghgggkve exci pient, 30
T e e BT

foll owed by po , hoxypol y
' osphates, glyc1ne, sorbic acid,

substances, such as p
20 potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium, trisilicate, cellulose-
25 based substances and polyethylene glycol. Adjuvants
for topical or gel base forms may include, for example,
sodium carboxymethylcellulose, polyacrylates,
polyoxyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wood wax alcohols.
30 According to one embodiment of this
invention, protein crystals may be combined with any
conventional materials used for controlled release
administration, including pharmaceutical controlled

release administration. Such materials include, for



et hyl ene glycol (MOPEG and finally trehal ose. Sucrose - 76 was nore
than 10-fold nore protective, as neasured by its effect on T1,2 of specific
activity. Table 2. Lipaseat 40C and 750. humidity Dried Lipase

Cryst al sbExci pi entsT:,~ ( days

) nonel. 52Sucr 0se1092Tr ehai 0se90PECGB3510MOPEG434Sol ubl e |1 paseU. 0468 (1.124
hrs) The T1,2 was calculated fromthe shelf |ife data by non-1linear
regression analysis using the Sigma Plot 44 ogram' Table 2 shows that

formul ations of 15 |ipase were 1,923 fold nore stable than sol ubl e when PEO
was used as the excipient. In addition, fornulations of |ipase were 23, 300
fold nore stabkemphan sobtbhgsli pasélehendsti¢éinse washusedeasetrtie exci pi ent

(Table 2). Fo Lon Sj UHP?E O, cipients with |ipase
crystals mereéggég%bgnan§7?§g olggﬁgggggtgﬁﬁe§?%§§'soluble | i pase (Tabl e
2). The stability of thBrbbehnl doendutrysivassinepatlymertic tiké ivemyf or nul at ed
crystals was e n I e fFor, , +crystals
25 fornulatedgéf€%é¥?eﬁgﬁoggﬂagggtigﬂggﬁEeﬁ§§gkgﬁégﬁé Fﬁ§§§ﬁgh§f5%nulated

| i pase crySt atsismteventhon: whiekcmpiehe dev40e€, ssckhewn in Table 2.

Simlarly, cr i : | ¢ than
non-fornulate%a%$é§¥%?ggg%§%gg§§1éﬁgN§5§$%§ﬁéﬁgggga%ﬁbgugg%§w§%§Q§§§ fold
nore stable tdahiveny syfbemsl ated |ipase crystals made wi t hout an
excipient at 40 C, as s i n Fi.pa . 5. fo lated with
sucrose were 718 fold nggggg%a %%Q%ﬁg%nt E?7gh¥sn%%¥§%?gépaté§glipase
crystal s mnadenadrdmaicanlexcrpseals abave &€ lasgshbwdimanFabheb2twhkbnst ure

content: is cong en d i t i SC hod
accordingf¢o'%%%u agt%$eém2@$%s§$§%€}gﬁg €§ingfggﬁ#%gggggﬁig%&ﬁgghhbisture
Met er equi ppezbaut h0 al \jam O8nd/apooizet 09 MursubTisédi mGhenprafefoegor at i on,

Tokyo, Japan)_, .T i e Lp st al ations
10TI ME, DAYS~ %%ﬁ?i%ﬁ%ﬁ%&ﬁ%%@sgﬁ b8! pkSLOYh
7.235.588.56RnQ3m29nlfdnmﬁﬂaEmﬁn4éhmp6neﬁ1ysaa¢IbatWeenThbontyéDaum
integrity of éJE*JﬁE@@'f%d%ﬂ%,in their longest dimension. Such

15 crystals may have a shape selected from the group
consisting of: spheres, needles, rods, plates, such as
hexagons and squares, rhomboids, cubes, bipyramids and
prisms.

According to the present inventioh,

20 encapsulation of protein crystals or protein crystal
formulations in polymeric carriers to make compositions
may be carried out on protein crystals which are
crosslinked or uncrosslinked. Such protein crystals
may be obtained commercially or produced as illustrated

25 herein.

Protein or nucleic acid crystals or crystal
formulations and compositions according to this
invention may be used as ingredients in personal care
compositions, including cosmetics, such as creams,

30 lotions, emulsions, foams, washes, compacts, gels,
mousses, slurries, powders, sprays, pastes, ointments,
salves, balms, drops, shampoos and sunscreens. 1In
topical creams and lotions, for example, they may be

used as humectants or for skin protection, softening,



15 were neasured by quantitative m croscopi c observations. In order to
visual i ze whether the crystals were mai ntained their shape after drying,
the dried crystals were exam ned under an O ynpus BX60 m croscope equi pped
wi th DXC-970MD 3CCD Col or Video Canmera with Canera 20 Adapter (CVA D2) with
| mage ProPlus software. Sanples of dried crystals were covered with a gl ass
coverslip, mounted and exam ned under 10X nagnification, using an O ynpus
m croscope with an O ynpus UPLAN F1 obj ectd¥e | ens 10X/ 0.30 PHL (phase
contrast). 25 In this analysis, the crystals originally forrmulated with
sucrose, trehal ose, PEO and MOPEG were readily visualized after 129 days at
40 C and 750 hBAREFRYIOFi GheanEnghodSPERLELIBAGaLAPS, f dimilaramaNaly PEO

were present apolBeurRizihgl, BeBB1oPasiBhl akolorat§ohl e0SCOpPi C observation
taken 129 days | ater and shown in Figure 6 denponstrates that crystallinity

was nai nt ai neddespxifiécatirpe t?HﬁYp@?VoElSS|P?IHﬁeéaﬁé was iopedideed F or
crystal s fornulat edswethcgucrose, 5 MOPEG and trehal ose (data not shown).
Secondary structure characterization by FTIR The fourier transform
infrared ("ETIR") spectréCﬁEFélEQIF@cF%dsohnHeNFéGPetaﬁﬁdéPdBSGdN@éna

series SpeCtrOHEE@ﬁd@ﬁgdﬁﬁﬁéhgedaHYmgPQgaﬁd ﬁhan£90uaa 18eArreb@ugney, B.
Caughey, WS., Bhat, K'S. and Coe, J.E Biochem str 992 31: 9364-9370;

Dong, A PrestPeP@RFmaSegthAﬁlYs@ﬁceEﬁﬁblanEaﬁaPEewﬂéh aJ.F. J.Pharm

Sci., 1995; 89 hé%ﬁaé@éthEQE t9§f§@£i9e5§ﬁ8h6§ of ﬁQo%eHg e1e hﬂ%1%r9¢e'n
was lightly ground 15 with 35 of KBrTgomder and l'ed 1nto small cups

used for d|ffué@l@eFFéétaﬂaéeoéc%e@ém'yal ergpbetanwerecemppsété@nand t hen

processed y@lngogkan§e§zoareﬁ1Eﬁm@0§ﬁff§@iéM@r€ofefeabeade REFLBBLI 9 of
rel ative areas of the individual conponents of secondary 20 structure using

second derivatFhe andlEdAvelfietvhem prlegy aff anadrinksler dr egrsnSEEE00- 1700

ciril). For coppaib80ps 8i%e! UDAELéipastyeBPP| EndBsi BhEPEr REybYeEiisel Vi ng
| i pase crystal's in phosphate buffered saline and anal yzed for stability by

FTIR 25 SecondaP{oRRYiechicahhy okfeshi vedameurh| PHVBRIOLSLR §Eectra wer e

col | ected on anﬁ&@@iétaEPQeér§§@aﬁ@9&§ é@*é@élsﬂgﬁﬁuPQERSﬁ of 1 nm sanple
of soluble |ipase was placed on’ a Zinc selenide crystal of ARK ESP. The

spectra weke cePreestbiaR PHithds iwyerspiennehibell bfteffefbives§oof nost of

the activity OprePeRf-ZeE6ndftion tin i AcQNI&gafata wﬁémtEﬁBy are’9
processed using G anms 32 software from Gal actic Software for th

det ermi nati on %ﬁm%%+%f?9%da9%%% HMe ReF A VP HuBt™@onponent s of secondary
structure using second defovéih V&x mpéﬁd%éiat¢f@s@apgr@m gpggtaam de 5 |

region ( 1600-1700 cm - 80 Table 4. Lipase at 40C and 75
Humidity 10 Tformulations ‘or compositions may be administered alone,
20 as part of a pharmaceutical, personal care or
veterinary preparation, or as part of a prophylactic
preparation, such as a vaccine, with or without
adjuvant. They may be administered by parenteral or
oral routes. For example, they may be administered by

25 oral, pulmonary, nasal, aural, anal, dermal, ocular,
intravenous, intramuscular, intraarterial,
intraperitoneal, mucosal, sublingual, subcutaneous, or
intracranial route. In either pharmaceutical, personal
care or veterinary applications, protein or nucleic

30 acid crystal or crystal formulations or compositions
may be topically administered to any epithelial
surface. Such epithelial surfaces include oral,
ocular, aural, anal and nasal surfaces, which may be
treated, protected, repaired or detoxified by
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| i pase, approximately 500 and 75 ~ of the a-helix and ~i-sheet structure
content was | ost over thPBarBagsutirale ReF BNR I IS pIrRliSEIHEY €@Be in

the content of ,r-apdoTaeksBCEHERU1LR160R! A]] col@ £ O shovwaddals crystal s
whi ch were fornul ated and dried were nuch nboxe stable than the sol ubl e

enzyne. Such cPyet&fts SKoWBEL81iF03§i40 ety ShaHe Al AT ¥tadc tinEnya EiPRanged

from6. 1~ to Zérlc@fnbérs1@@09@)’5cébrﬂ@n§ ard t15s Nubditidon May @léﬁ‘@et' me,
random coil in solution increased from7-50~, over 3 days, WHi

crystallinity §ﬁéﬂé§eﬁlﬁFﬁﬂnFFénaéﬁPEonn@dﬁﬂéﬁﬁléﬁéﬁ%ﬁh%9566 days 15 The

data in Table 4;,88bak0¢ed HéhHQeET' Bohe rERNi bl Hpaas lidy secondary
structure, correFated mnt% the acfivity data shown in Figure 4. In

particul ar, I|Ea§§05§hﬁﬁﬁﬁtéadeﬁhsgééﬁese PEO and MOPEG showed
S|gn|f|caniby | ess | oss Qérasﬂgh'EQESStEQCh%ﬁq %%dd%%épiﬂgéﬁ ned a hi gher
te

specific activity over the 66 fime period at elevate erature and
hum dity than 8fgerdiBgf 6@nﬁhaﬁeanw%lpﬁehm@s?@lmmrcﬁl%m@d atifi~ | oss

of a-helical stg §EHE§ §Pch§Qt£Def59ﬂﬁ§Et&%h%Vb%ﬂ.Qb%@ds%tl%ﬁmﬁﬁéﬂp|e 10
BUVAN SERUM ALB {sta I zation of Human Serum Al bum n Ten grans of

powder ed hurranbgefaﬁma ptefininke habéateo aSwshpitadtlietsegossititiwie & 100

nmM phosphat e byi&@idﬁ?f@é Sgu 8t - 9§éeFE8§h Eth%%Qr%@%C%Et jte ey 30 120
nmg/ M, estimated fromt CDz~~ val ue of solution. First, a

sat ur at ed h%nDﬂPGhﬁéﬁlﬁa%@ §6Y§Fﬁbn0f76¥yéﬁﬁﬂ fﬁF@W&@édomﬁ @& oni zed water,
was added to thgmpsot £iAnSOINLERNEE Bakingl neoRARR halW R tefin

acceptable levels of activity or potency.

Alternatively, protein or nucleic acid

crystals or crystal formulations or compositions may be

20 1in a variety of conventional depot forms employed for
administration to provide reactive compositions. These
include, for example, solid, semi-solid and liquid
dosage forms, such as liquid solutions or suspensions,
slurries, gels, creams, balms, emulsions, lotions,

25 powders, sprays, foams, pastes, ointments, salves,
balms and drops.

Protein or nucleic acid crystals on
formulations or compositions according to this
invention may also comprise any conventional carrier or

30 adjuvant used in pharmaceuticals, personal care
compositions or veterinary formulations. These
carriers and adjuvants include, for example, Freund's
adjuvant, ion exchangers, alumina, aluminum stearate,

lecithin, buffer substances, such as phosphates,



350 g/1 or 50~ saturation. Next, the crystallization 5 solution was
"seeded" with 1 m of 50 ng/m albumn crystals in 50~ amoni um sul fate at
pH 5.5. Seed crystals were prepared by washing a sanple of crystals free of
precipitate with a solution of 50~ saturated ammoni um sulfate in 100 niV
phosphate buffer at pH 5.5. 10 The seeded crystallization solution was

i ncubat ed overnight at 4C on a vigorously rotating platform Crystals in

t he shape of rods (20 pn) appeared in the 431 Tti on overni ght after
approximately 16 hr. Exanple 11 15 Fornul ation of HSA crystals usinct
gelatin as excb&ient: In order tqQ enhance the stahility of human serum

al bumin (HSA) 8rYStBPs dGFPAG 8FyiCng PATE SR GO R or a8 her e

formul ated with1loxerpieninsxthftelhicr 22 texargde vddeh st s yWel@ids,
formul ated in the slurrxﬁfornlln the presence of nother |iquor before

drying. Gel ati Hat8&FgnadchénPEarlestrodytaseuisiichvys RECTHIHAE t o | i pase

crystals in nogheratbQuali sagian eyeirRigdi phalsiphatientsaghat idh wasi gdded to
| i pase crystals at a 25 protein concentration 20 ngs/m in nother |iquor
(2. 5M anmonPun?$0Ff 82étFn 20OARL PR SHdtE b ufPgRe S, Hris iRl a i nal

concentration gg]iQresdhBabegaubhibBgatideRe RS MRS TR Atydaom
tenperature for 3 hr. After treatnent with %ggftln, the crystals were 30

separat ed fronfEhBVEREEI 8By LERAFALT GFaticdn PAS I DR HISddiffie 6,
nethod 1. - 83r EkShpNE), 05oHSAMC ch¥Bbilymethe 11d2A 16/16Hal s were then dried

by the four nethods described in Exanple 6. The crystals were suspended in
col d (9C) et hahdlYASTYhREBF gaRPLYSEYEERY LENE PREYISGYPA ORI AR ® 1P XS0l ubl e

human ser umpal Py e?é?ﬁgb@?é@ﬁylgﬁé gafRaN a8a, wod sRixubli1edHAssanpl e was
prepared by dissol ving A crystals at 20mg/m_in 10 water. Exanple 13
Shel f stability: Shelf stagi®eey 8ffpsAiye Bgder ¢t Adrigisiirations ans e

carried out inggs¥gé ef@%ixﬁeﬁt05091é5p§:©ﬁf§§habw auclke cstakid ictré/sqtfaltshe
crystals was nonitored by follow ng structural degradation by FTIR
anal ysis. Mi sPtir F¥8h2enfornpiatiPBscont EATPREL tdons Rfndd iy the Karl 20

Fi scher met hodj @¢6Rf fbRowi D1 NBaPEAEt Uhelthe efFetiClHe@NT eS| i e iMulssubi shi
CA-06 Moisture Meter equipped with a VA-Q06 Vaporizer (M tsubishi Chen cal

Cor por ati oh> TER§H2PYaphh)anyTabhe 3ndiEidbaleScHRedMHIARENFSCR s

status of the condition itself and response to the
protein or nucleic acid crystals or crystal
formulations or compositions and the judgment of the
treating physician or clinician. The protein or

20 nucleic acid crystals or crystal formulations or
compositions may be administered in any dosage form
acceptable for pharmaceuticals, vaccinations, gene
therapy, immunotherapy, personal care compositions or
veterinary formulations, at one time or over a series

25 of treatments.

The amount of the protein or nucleic acid
crystals or crystal formulations or compositions which
provides a single dosage will vary depending upon the
particular mode of administration, formulation, dose

30 level or dose frequency. A typical preparation will
contain between about 0.01% and about 99%, preferably
between about 1% and about 50%, protein or nucleic acid
crystals (w/w). Alternatively, a preparation will
contain between about 0.01% and about 80% protein



Moi sture 25 TIME, DAYS Celatin O 5.0464 12 6.3841 _ 89 _ Crystallinity:
The crystal integrity of the fornul ati ons was neasured by quantitative

m croscopi ¢ observations, as described in Exanple 9. Figure 7 shows that
HSA 5 crystals were readily visualized imediately after preparing the
formulation with gelatin. Figure 8 shows that crystallinity was maintai ned
after four days at 50 0 C. Secondary structure characterization by FTIR 10
The FTIR spectra were collected on a Nicofet-nodel 550 Magna series
spectronmeter as described by Dong et al.[Dong, A, Caughey, B., Caughey,
WS., Bhat, K S. and Coe, J.E. Biochemstry, 1992; 31:9364-9370; Dong, A
Prestrel ski, Srystadlsi soefe3adlyametiEclargpontert Brd aoditary % Sci .,

1995; 84: 415; = | l.8s., i

lightly ar ouna’%ﬁmz%ﬁnﬁgfn%%&%‘)A%?@%ﬁéﬁjgﬁjﬂﬁ?ﬁ PHGERAT e
for diffuse refldcrandeiacdbedseey. aloalts %a e 4 extfecpranick oy ocessed
usi ng G ans 3.%r§gttarOrf'o%u%%tt'i%nsOfpt(g%%;e%aqugatb%etv%%tneram&% ion gQiyrelative

areas of the i'ndividual conponent’s econdary structure using a second
deri vat i veSandbeouitve0fii t ined egmogramtadddo ramilad ilomr @givon (1600 - 1700 cmi’

) . 25 For conparison,a?%gnsgkﬁgb@emgéts%gpk%e bédg$ﬁ%&k$ﬁfpy di ssol vi ng

HSA crystals in water te for stability e secondary
structure wascdetiétioned aagaiintEnanpgkee d@se of @FotEdll er6.nuSdecdrdary
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in random coil structure.
condition has been alleviated to the desired level,

treatment should cease. Individuals may, however,

15 require intermittent treatment on a long-term basis
upon any recurrence of the condition or symptoms
thereof.

Production of crystals, crystal formulations

and compositions:
20 According to the one embodiment of this

invention, crystals, crystal formulations and
compositions are prepared by the following process:
First, the protein or nucleic acid 1is crystallized.
Next, excipients or ingredients selected from sugars,

25 sugar alcohols, viscosity increasing agents, wetting or
solubilizing agents, buffer salts, emulsifying agents,
antimicrobial agents, antioxidants, and coating agents
are added directly to the mother liquor.
Alternatively, the crystals are suspended in an

30 excipient solution, after the mother liquor is removed,
for a minimum of 1 hour to a maximum of 24 hours. The
excipient concentration is typically between about 0.01
to 30% W/W. Most preferably between about 0.1 to 10%.

The ingredient concentration is between about 0.01 to



Dry fornmul ated crystals showed an approxi mately 16~ decrease in a-helical
content, a | arge decrease in ~3-sheet content and no increase in the
content of random structure. 30 Exanple 14 PEN Cl LLI N ACYLASE
Crystallization of Penicillin Acylase An anmoni um sul f ate suspensi on of
Penicillin acyl ase from Boehri nger Mannheimwas the raw material. The
suspension of Penicillin acylase was diluted 1:3 35 with deioni zed water.
This solution was concentrated - 86 byd4diafilration using a 30K nenbrane
to a final concentration of 200 OD at AZeor~m/m . The enzyne sol uti on was
then diluted with 9 M NaH-PO4. H-0 to 150 OD A2eo~~ /m. 5 A biphasic
solution of 9 Wand Th#M sufstel envndlaniz POLiBR0isobgitekdnaabonal 0sOlluti on

concentration S M 04,.. was ed, his_case, .280 of 1 M
Narpo- 110 well <y ul THE o HIEF (PEEBREC 5, tsh! KEnBERE, 830 he or 1o M
NaH2PO4. H20. Teyetrel nelsorut edbbheasbFOfpourediganbkybiynto the side of the

container to forn1a,%a erigbove the % N%&; er hAn 9ve%hfad gtirreﬁ S set
up with a mar i FE e $ 2T he %ﬁ??% o ’pFagea YRtB th8  Colearhier with
t he bl ades j usiptieiroan Ihew#th 1801 ut eohiacef Fhetspiediwaseadiusved to a
setting of B.Q_15 o 00 r The agijtator iLtch on, and stopped
after 10 mrnn%ﬁﬁa % $%%%?$€% ﬁ%ghr%ﬁbvggrfggﬁyﬁp%’c%ﬁgg?%éf. The vol une
of seed cryst alsthwms heassopropandl aograthal edcpt peet eelisheyg betweem 0.5

and O lo by valune dded to the 20 L steril ol ycar bonat e °

cont ai ner. Thgtesmépee V\rgusp%o?r att o\:/\%rﬁp?%a%’érggaft)?gwg%? ngée @ﬁta% %g sCe'conds

bef ore additi drhe Theysiod 1 | e watse nilxeeld byithed bigi pgsaihd as - bt ademi npel | er

for about ﬁ%rﬁ qyte. The crystallizationtnixture was allomeg 0o stand for 24

hours. 25 &t &t J4HAFE!: tH cott ather & wiss opERbd ARdCTRet3bF uti on was

m xed by hand Hldre r3{a tsiecolyls . tHdecsyd td 1l onanasdel édvied 4 0r sdtying an

addi ti onal 24  hour a. total ,of 48 hourgr a 10 n% sanpl e was_t aken of
yy? b

s. JAfter
t he supernatanY Q?Qﬁ%ﬁﬁ%;ﬁ%& ??I?%r%%cﬂf?h 2 b7%" 30 ot B rbdi sc. The
AZeonm of t he cauperethtcant fws aeauiradn Wieous uper aataxnimsreof-nTas gr eat er

than 1.0 ng/ nm,,_ .the V. |14 o] S . ntinue fo re
hours. Wen t ﬁgusupgﬁta%amééc%ﬁﬁ:%’nm a |loﬁhj\}é\éﬁglé_€%§8_é+% esm{ hccga%z% nmg/ m
t he A26n~rhof fdmgslt drogiunt yi sk supel fiatlant weli glett | posierer et salnl ned.

Bxanpl e 15 Penjcgid,] iy G ASSan 101 PA SIYSEALS S Thee basys. of s Lhg, aglivity
assay for PeniciTlin dcylase 1 m/ol'ves a T1trineiriCc assay i ch measures
t he enzymat i c peydioaimes] si ofndmeesdrypenicillin by the enzynme. The enzyne

210 Hoorease i nopH ThiAC GG e cHedARBELE A he Vol ame of
50 MM NaCH neegeenittionyaiwiien meeget iofg SrbteBC)cpestad swiprafeieact i on.
ws repor 20 CRIGHS: e s PEG A feldre ARl A0 Tt Tons.
used in the assapurfacRarnits |[dien1Gt Sidpged Rorosgicnystdltlization.
Excipients or ingredients are added to the mother
liquor after crystallization, at a concentration of
between about 1-10% W/W, alternatively at a
25 concentration of between about 0.1-25% W/W,
alternatively at a concentration of between about 0.1-
50% W/W. The excipient or ingredient is incubated with
the crystals in the mother liquor for about 0.1-3 hrs,
alternatively the incubation is carried out for 0.1-12
30 hrs, alternatively the incubation is carried out for
0.1-24 hrs.
In another embodiment of this invention, the
ingredient or excipient is dissolved in a solution

other than the mother liquor, and the protein crystals



2. 0.05 N Sodi um hydroxide 3. 1.0 MKC, 20 nMTris buffer, pH 8.0 20 4. 10
mv Tris, 10 nM Cad z buffer, pH 8.0 5. 0.01 MPBS buffer, pH 7.5
Preparation of substrate solution 1 g of penicillin-G was added to 10 m of
1.0 MKCL1, 20 mM Tris buffer, pH 8.0 solution and about 25 70 ml of D
water, 1 m of 10 MM Tris, 10 mM Cad z, Then the pH of the solution was
adjusted to 8.0 using 0.05 N NaOH Next, final solution volunme was adjusted

to 100 - 88 m. The solution was prepat@d-fresh before each use-and used
within five hours of preparation. Preparation of PA sanple solution A
sanple of Penicillin acylase was dissolved 5 in PBS buffer, pH 7.4.

Typically, 2 taxrel mapndvld/ ﬁm&jngrurge cufotpmzt el g wesr eam@ad.lipén@@@hlassag
Assav for hydraolysis q; enicillj qL of _pe llin qg ase substrate
sol ution was aedb%]ﬂj 19 % 14 et e\?essseq P10 e ?ijrbglé? 98 C. After
adding the enza&mpﬂcdnﬁlmd@ttmlroemctam M%S:ﬁicutbahtﬂd&‘tydﬂfnhe@i sreof
penicillin-G W%r? m)nitore d|t%gatl @%él eqreactlon m xture with 0.05 N
NaCH to nai nt & tsr‘?é“epl-al a 6% For mul ation of PA crvstals
usi ng hvdroxypronyl - Li - cvcl odextr| n (HPCD) as excipient: In order to
enhance th stablllty of lPA T staIsturin d X'}n and storage, the
crystals were 20 fornulé%é%L&#éﬁLé¥%rﬁ¥€ﬁ¥gLJiﬂi¥ﬁ¥§¥§%anple PA crystal s
were formulated in the Suranthermembddienegpresenashid imtderidn quor before
dryi ng. Hydroxyp 3-cycl.odextrin P Si rraChemc I

Loui s, MO méf@é’%‘l‘t&%l@&y(‘?ﬁy PSS n(lr?o H?QT rlaf?srsarP%‘?(%Jr‘g?ent.
Suf ficient HPCOmpas iadded usdfupase Q&?&%Itakﬁ:tﬂlerﬁ:sﬂﬁﬂérﬂ@mmati on 20
ngs/ min not her to reach f fina

u 9
concentration &t%l%a%hé(llpééﬁl %: E@%&&&Yn %?%Wte% Hed
tenper at une f ahodehmwi thf pahcrieedtiesteator@hea) tdhel‘R@adfo&ucﬁé(YSt als were

separated from the 1.9y 4,4 /552 LhEYIRN 25 feserifed I n Bxampl e 6,
supplementation. Unfortunately, current therapeutic
methods may not be flexible enough to protect the
active lipase during transit through the gastro-

15 intestinal tract and to release the enzyme activity
where it is critically needed in the small bowel (See
L. Guarner et al., "Fate of oral enzymes in pancreatic
insufficiency," Gut, vol. 34, pp. 708-712, (1983)).
The flexibility of the present invention in preparing

20 slowly available active lipase solves the present
problems often associated with lipase supplementation.
According to one embodiment of this invention, the
combination of encapsulated lipase crystals
(compositions) and unencapsulated crosslinked lipase

25 crystals or formulations provides a drug therapy regime
in which enzyme activity is available early on from the
unencapsulated crosslinked lipase. As this material
undergoes proteolytic degradation, the encapsulated
enzyme {composition) begins to release enzyme activity

30 into the more distal bowel. A similar strategy may be
used to solve other enzyme or therapeutic protein

supplementation problems.



Exanmpl e 17 Fornul ation of PA crystals usincx nother 5 |iauor itself as
excipient: The PA crystals were fornmul ated using nother liquor ( 1 . 9M
NaHZPO~, pH 6. 6) . The crystals were separated by centrifugation as in
Exanpl e 16. Exanple 18 10 Dryina PA The PA crystals from Exanpl es 15-17
were then dried according to the nethods 1, 3 or 4 of Exanple 6. The
organi ¢ solvent used for nethod 9 of Exanple 6 was ethyl acetate. 15
Exanpl e 19 Sol ubl e PA preparation: As a-st&ndard of conparison, a sanple of
sol ubl e PA was prepared by dissolving PA crystals in water at 20 ng/m . 20
The stability of soluble PA was neasured over tinme and a plot specific
activity at 55 C versus Ii¢reP¥esehowknYenH Qureaw. appoentyhbzacoitRiety in

sol ution decaygth; apd thys N RSIHBIGE &6 1 abh &, afd 51 2PREQXHaBEE! ¥ 3@ hour s.
- 90 Exanple 20 Activity of the dried crystals: The activity of the dried

crystal s from®agie Welemdavsterrn rxakosed @hsR agnaasraesateted 5 in
Exanpl e 15. The fd 80 SFystl$ dontBin 165 %&Myﬁg%ﬁF%ﬂomggf opater and

t he activit¥ was nmeasured using Pen G as” substrate Shelf stability: The
shel f stabi?i t§RDMEA QF | ANRISAST AN (CIDEIANRNT oreMas Heeepurnedeusing a

React i ve- Ther m ldh s HedHMGn{eSti 4 M N OAAE DY dth SF £68c aieéé? benperature.
Activities were neasured by dissolving 5 ng of the dried sanple in water
and measuring RIRE &y yife e iRiQadstreae PET G 2CHesErveelsi arExanpl e
15 15 and conpanfd, i t hsddie i tdrdl s Tesides i fd i &g 10, 0eph et ibg shel f
stability profiles of PA crystals wth and w thout excipient. %lg re 10

al so depicts:ﬁﬂﬁfcéﬁzﬂﬁIﬁ%@g%ﬁcﬁﬁnkﬁﬁeﬁ Pl drepsrvad fwrenuire¢ded. dried with

ni trogen (rEthod 1) or it dlr IRAANRN MancQ oIl & 7 RNl kbl ifingevl ase
ase Jﬁ

activity at 55C 25 30 Dry Crystals-Penicillin ac 2 daysPeniciflin
acyl ase- cryst &% dydiSed- A3, 025 |iyspPiidg Asddmre fiainy i at swys ased HPCD dri ed

2oyl ase- LD e Dy L T ot ol Pani G, o8 oz s)
adjuvant and encapsulating polymer(s). The protein
antigen may be a viral glycoprotein, viral structural

15 protein, viral enzyme, bacterial protein, or some
engineered homolog of a viral or bacterial protein, or
any immunopotentiating protein, such as a cytokine.

One embodiment of such formulations or compositions
involves a single vaccine injection containing

20 microspheres having three or more different release
profiles. 1In this way, antigen formulations or
composition may be released over a sustained period
sufficient to generate lasting immunity. By virtue of
this formulation or composition, multiple antigen

25 boosts may be in single unit form. The faster
degrading preparation (composition) may contain an
immunogenic adjuvant to enhance the immune response.
One advantage of such a system is that by using protein
crystals, the native three-dimensional structures of

30 the epitopes are maintained and presented to the immune
system in their native form.

Once the immune system is primed, there may
be less need for an adjuvant effect. Therefore, in the

slower degrading inoculations, a less immunogenic



The T"2 was cal culated fromthe shelf life data by non-linear regression

anal ysis using the Sigma - 91 Plot program The stability of the
formul ated crystals relative to the non-fornul ated crystals was enhanced,
as shown in Table 7. For exanple, crystals fornmulated with I-1PCD were 418

fold nore stable soluble PA at 55 C5 (Table 7). Crystals fornulated with
HPCD were 3.5 fold nore stable at 55 C than non-fornul ated PA crystals nade
wi t hout an excipient, as shown in Table 70 tbisture content: Misture
content was determ ned by the Karl 10 Fischer nethod according to

manuf acturer's instructions using a Mtsubishi CA-06 Misture Meter

equi pped wit ﬁdaUVAnGGm@a/p@tei &€ LakieCs @313 1110 SCHM X dho i pavai | oraY Tokyo,

Japan) . Tabl ge8.Mbii$eldf & nCRMELRY e SRA ST HHA '\@iéf&éﬁn%%%}@ _PA HPCD
0 2.6198 1. 5722 9 2.1792 3.1963 Crystallinitv: he crystal integrity of

t he fornul at itbas fpaaule tivasurag @9mmﬁ§#ﬁ#Qﬂﬁ\Marﬁ@xth%ﬁmWQYObservatlons
as descri bed grﬂlgﬁ%mbﬁu&iat%lﬁ%t ahl iRt NaS- JH 'Nﬂf‘erfo é’s}l% ethe
ily visible (da

process as |ﬁ i cat ed the crystals, which were readi ta not
shown). 5- zeaS@éioﬁ@értypém @em&sel@h@rraiﬁrerwmmcm/ FRRtRCtSiemi ity was

assessed by Ql;}%&‘hbfty'1R$efch&§o§§08@%@ée%t UCidyfee ocforEJ&”ltlgf tﬂf‘edﬁ( £d and

formul ated PA crystals as described in Exanple e 5 PA was
used for conpéar atlp&@gaei@éosléélvwm @fgprsé@éﬁ@awlgt rapRafel afe Ahal 55C 10

15 20 many variations on this theme are feasible.
Accordingly, the examples provided here are not

10 intended to limit the invention.

In another embodiment of this invention, a
combination vaccine could be produced, whereby immunity
to multiple diseases is induced in a single injection.
As discussed above, microspheres having different

15 release profiles may be combined alone or in
formulations and compositions and may include
microspheres containing antigens from multiple
infectious agents to produce a combination vaccine
(formulations and compositions). For example,

20 microspheres having multiple release profiles and
containing antigen crystals of measles, mumps, rubella,
polio and hepatitis B agents could be combined and
administered to children. Alternatively, microspheres
having multiple release profiles and containing

25 «crystals of different isolates of HIV gpl20 could be
combined to produce a vaccine for HIV-1 or HIV-2.

Another advantage of the present invention is
that the protein crystals encapsulated within polymeric
carriers and forming a composition comprising

30 microspheres can be dried by lyophilization.
Lyophilization, or freeze-drying allows water to be
separated from the composition. The protein crystal
composition is first frozen and then placed in a high

vacuum. In a vacuum, the crystalline H,0 sublimes,



25 30 35 40 ExtendedSanpl ea- Hel i x(3-Sheets(i-Turncoil Randontol ubl e
PA37.7433. 5311 .5717.160.00Init. timeAfter 225.2735.327.2921.9310. 19hrs at
55CAf t er 9. 2950. 660. 0026. 7713. 2824hrs at 55CPA -dri ed. 33. 83.
27.995. 3213. 660. 00by | yoph.init. tinmeAfter22.5318.917.0318. 4223. 1243days

at 55CPA - HPCD35. 936. 960. 0027. 140. 00dri ed byl yoph.init.

ti meAfter19. 0516. 7723. 1116. 6524. 4243days at 55CPA

-dri ed25. 7334. 936. 682B. 733. 93by N2init. - 51 -

ti menoexci pi ent After 11. 8834. 7310. 2230. 0713. 1043days at 55CPA

- HPCD31. 2635. 78l 2. 2420. 720. 00dri ed bynitrogeninit. tineAfter22.1725.310. 00-
42.2310. 2943da\ea et BhEhe -po3te QONCEVSEEN: CaRBOFbEs0nf bahhatli cal cont ent

was 76~~> aft dor |, u I yi, I n trast, when
HPCD was usedqgg%gﬁﬁg§afﬁﬁz g%% EP&h?%%n%?g??ongégg 5 %gggd by met hod 1

of Exanpl e 6, wimsesaing  fwrthee shebitiresohhencompgsibsonandr 93 days at
55 C tenperat I f ucose Oxi dase
np Uarlelo@ff%l} eea?élé}s% Q‘f@%?&g%&%aeg fz 2@

Crystals 10 W prepared crysta ucose oxl dase as lows. First., the
gl ycopr ot eim vieP iptal ¥y eehdgunipe ved exelhierge tarpauabgraphy and then t he

crystallization paranet e t result of

t hese studies, we founde@ﬁ%¥e§§afﬁgé2%%d??é%§%§%g? %§§g¥%%f?za??on of

gl ucose oxi da%ﬁmpelg‘elnmmm;elmﬂaﬁedrw@@i@% Whibch 7eaPBE® 4000 or 6000, 8

Lo 200 2-pr opanalai. &4 hanal eng, buTAsLe Loeadli vst chhiea piL Lo between 3 and
Underst o a of

6. It should be t many sets experinmental 20
condltlons\Mtqﬂamnyﬂﬁsﬂ%uonrﬂki¢¥nﬁﬁﬁY§#Vpr@@ﬂc@e%aI¢@fa@@nmmembs@fts for

the crystald i zatd;onof Hacaose oxd angh oA Nesghycopsoteg ng.  Those of

skill in t e art w appreciate t 'he preci se con i ons whic
efficiently prqmmmw al sThof amwbl%%ucr@dt@lrzven@nﬂlezmmd:mwd will vary

due to differencgs iidy eWﬂ%ﬁﬁ#n&%‘fjeﬂ@@&é car Lﬁﬁi n,and reagent

purity, rates of stlrrlng, orce rate content.
- 94 Large ScaEpwec~rstgh iZznien and Qyeritel Tkedagedae @Neezexhe ned

preferred condid{ans 4y, PIRa agsﬂt aﬁf&%&&éi’ﬁéﬁé ! 'ﬁtf;@nt

oxi dase. 5 Preparative scale cr- I zation generally 1nvo ves 1 to 900
m s of gl \coprtdtrgiughoat @%t@ﬂl@aﬁncbrﬁfalr@br%’t aarbi# RtV t hout Seed

temperatures. Such a system would be useful for
providing sterile vaccines and therapeutic proteins to
remote and undeveloped parts of the world. At the
' point of use, the ampule is rehydrated with the sterile
20 solvent or buffer of choice and dispensed. Under this

scenario, minimal or no refrigeration is required.

Protein Crystallization

Protein crystals are grown by controlled
crystallization of'protein from aqueous solutions or
25 aqueous solutions containing organic solvents.
Solution conditions that may be controlled include, for
example, the rate of evaporation of solvent, organic
solvents, the presence of appropriate co-solutes and
buffers, pH and temperature. A comprehensive review of
30 the various factors affecting the crystallization of
proteins has been published by McPherson, Methods
Enzvmol., 114, pp. 112-20 (1985).



d ucose oxidase was diafiltered in water and concentrated to an AZeo of
between 5 and 15. The glucose 10 oxi dase concentrate was mxed (1:1) with
one volune of the crystallizing reagent containing 18~ PEG 6000, 32~
2-propanol in 0.2 M Na-Acetate at pH 5.0. After mxing, the solution was
cooled to 6C. The glucose oxidase crystallization solution was stirred for
24 15 hours at 100 rpmwith a propeller stirrer. During this tine, the
crystals forned gradually. Exanple 22 FoS2ul-ati on of gl ucose oxi dase
crystals using trehal ose as excipient: 20 In order to enhance the stability
of glucose oxidase (GOD) crystals during drying and storage, the crystals
were fornmulated with e 'Emen$sn amdtdisl ekany) eJ. GOPyet g3t akswwr e

formul ated i he sl the resence f ot he Ilquor before
drying. 25 T&% al&%e%%glgna g%ég%c Fv om@i oﬁ?@?rﬁéf €atddd®t o coD
crystals in nmof herotequorams munc bt paeids Ehétlnheetbéeﬂhalose was added
to GOD crystalrs Sa,ét liajlfproéeln cv(J)anxCentr t|on O20 {Tys/m in,mother |iquor (100
mM sodi um acet'af e burter p?—?S % oﬁa %%‘% J\B%n?s%ﬁ?%ﬁa‘ﬁ}af‘ nd 9~ PEG
6000) to readthey fweneé crys%ll::mt&ent}kaatomemdlmﬂ‘br dhestessl hhdg
suspensi on mas t nb_lt q%é&9q91te erature %i r 3 hr Agte treatment with
trehal ose, %%P re §3ﬁ5¥ od ¥ r'd I?qﬁ?% %§ E%t?'fugation as
descri bed |nd@arﬁﬂnaﬁbsfbfmﬂd&mhd.pﬁb&ﬁﬁﬁenn& ﬁ@mh@iataondof gl ucose

oxi dase cr-~rstals ,yS|n lactitol, as e qﬂ €] ucos?DOéﬁgﬁ%e crystals
were fornul at eth"hcsuﬁ? n Bt e driiy T2t T 1107 cal Co.
St. Louis, I\/@)he (Bretigadraf Natehelads@abdaratdtynal hicomcomw at i on. of .10% to

t he not h 0 The crystals were separated m t he. not

quuor/ljé{ g#’§&%ﬁq°Yf ?Eﬂsqﬁﬁ%eth6ﬁf &gﬂﬁﬁé;wé%%%ﬁ {$§15 Exanpl e 29
For mul ati on qip glaﬂfeeﬂ ol WEB)E] Cr yRicd e mengeﬂn@hg cxapriod whsdd cyel odextrin
(HPCD) as ex%egtl ent.: cose 0 |dase cr stals we

e
hydr oxypr opyl %n{?de e“%ort $195° %%I o%f?ﬁﬁﬁﬁ’d‘z%‘ﬁl??ehal ose)
by addi ng HPEE te0 paxrdtigial, camwczerﬁnfaaltudm tn:f e~ formatiet 4f quor and
i ncubated for hrs

I I
hen separ at GFTRERH RS TR (R TARCS 55 ST (T OAE tor 3 hr - by
centrifudati aryataldscoradthedh igtiatemt €dx; aEtdwgprdoteins 96

Alternatively, an intelligent trial and error search

strategy can, in most instances, produce suitable

crystallization conditions for many proteins, provided

that an acceptable level of purity can be achieved for
20 them ([see, e.g., C.W. Carter, Jr. and C.W. Carter,

J. Biol. Chem., 254, pp. 12219-23 (1979)].

In general, crystals are produced by
combining the protein to be crystallized with an
appropriate aqueous solvent or aqueous solvent

25 containing appropriate crystallization agents, such as
salts or organic solvents. The solvent is combined
with the protein and may be subjected to agitation at a
temperature determined experimentally to be appropriate
for the induction of crystallization and acceptable for

30 the maintenance of protein activity and stability. The
solvent can optionally include co-solutes, such as
divalent cations, co-factors or chaotropes, as well as

buffer species to control pH. The need for co-solutes



Exanpl e 25 Fornmul ati on of glucose oxidase crystals using gelatin as

exci pient: G ucose oxidase crystals were fornulated as 5 in Exanple 22 by
adding gelatin to a final concentration of 10~ (Signa Chem cal Co. St

Louis, MO in nother liquor (instead of trehalose). The crystals were
separated fromthe nother liquor/gelatin solution after three hours by
centrifugation. 10 Exanple 26 Fornul ati on of gl ucose oxidase crystals using
Met hoxvpol yet hyl ene G ycol as exc~~i ent~ JFhe gl ucose oxi dase crystals were
formul ated as in Exanple 22 by addi ng nethoxypoly ethylene glycol 15 to a
final concentration of 10~ (Sigma Chemi cal Co. St. Louis, MD in nother

| i quor. The cﬁ9§t§P§1WeF@n§§9§Fé$é@nﬁréﬁﬁtﬁétﬁﬁﬂﬁéﬁdlﬁdﬁ@ﬁﬁ#ﬁﬁﬂb&&bbly

et hyl ene gl ycel §gkgqhQ@t@fEgpsgaﬁqugxlgﬁntr|fugatlon as described in
Exanpl e 6, nethod 1. Fornul ati on of glucose oxidase crystals

usi ng sucrose as ex0|~|éﬁtlSGFﬁééééaéxFéagéféﬁy§P§P§tﬁe@€tM@EWUIated as in

Exanpl e 22 byaaegbﬁau%ug&gégpaea%eélaﬁh éPyseReeAhkakia@R rqfh 110~ (Sigm
Chem cal Co., St. Louis, M) the nother "I'i quor. The crystals wer e

separ at ed 5roﬁrVﬁ§aﬁéﬂﬁ@rmﬁtqﬁéaﬂseérés§0§ﬁlQ bheaBpaict stadehefr s by
centrifugatiop, tte?anBh?hZQS d?ZtlﬁEﬁeﬁﬁoﬁiHﬁ@sﬁmg%bﬂ%%% E%ﬁ ations The

gl ucose oxi dase crystal fornul ations scri bed above were dried according
to the met hodgtgtaescﬁmé@allﬁ Exappey ehakechedistaci feadtres d (4 O

'SOpfOpan0| a§n&ﬂ6dQEgaQ'@a%QEES”EtrEéEHPEe 89a§QEHQE§sQEHC%%%ﬁ%@ dase

t~reparation: For conparison, the soluble gl ucose oxi dase 10 sanpl e was
prepared by dﬁ§§oP9Fh§aélHé©§§r§X?§a§éCbr9§t§P§raﬁt283ngpﬁﬁxlﬁn§0 mvl

citrate bybfeblrek&§neen5bgurﬁ é%y§99w6c59§1§£§bbklsxoag Lhe 52lublie
gl ucose oxi dase over fime at he specific activity declines rapidly

with tine. Af@epanneﬁaufcéatlsepﬁétgpéerw@laéi-hn ip Bb&reases by nore than

90i . The T1, 23i@ensobHBl e ghueaﬁsrgétdaéﬁofﬁﬁoﬁélﬁaka&§glt95b% Aol hours.
Exanmpl e 30 G Ucose Oxi dase Activity ASs
crystalline solid form of matter, sometimes referred to

as an amorphous precipitate. Such precipitates have no

15 molecular lattice structure characteristic of the
crystalline solid state and do not display
birefringence or other spectroscopic characteristics
typical of the crystalline forms of matter.

In an industrial-scale process, the

20 controlled precipitation leading to crystallization can
best be carried out by the simple combination of
protein, precipitant, co-solutes and, optionally,
buffers in a batch process. As another option,
proteins may be crystallized by using protein

25 precipitates as the starting material. 1In this case,
protein precipitates are added to a crystallization
solution and incubated until crystals form.

Alternative laboratory crystallization methods, such as
dialysis or vapor diffusion, can also be adopted.

30 McPherson, supra and Gilliland, supra, include a
comprehensive list of suitable conditions in their
reviews of the crystallization literature.

Occasionally, in cases in which the

crystallized protein is to be crosslinked,



20 The follow ng protocol was used to determne the activity of dried

gl ucose oxidase crystals and crystal formulations. Chem cals and sol utions:
1. Phosphate buffer (20 M pH 7.3), NaCl 25 (0.1 M solution, 2. 21 mV
0- Di ani si di ne di hydrochl oride stock solution, diluted to 0.21 nM as worKki ng
sol ution before use, - 98 3. 2 Mglucose solution, 4. Peroxide solution
(2 mg/m), 5. 50 mMMcitrate buffer, pH 6.0 Sanpl e~preparation: 5 1. Add 2
nmg of glucose oxidase to 1 m of 50 mM—<ii4ate buffer, pH 6.0 and vortexed
wel | for about 2 mn. The solution was m xed by tunbling at room
tenperature for 1 hour to reconstitute. 2. Prepare a dilute enzyne solution
by 10 m xi ng tRaompabibihetsbbetweenyan doltenden wirossdidkiingfagans same
citrate buffe y q act i Vit r L. The
assay vas monTer e by 4o TR v 22 sin RERTERC I KY X oBARy SR enaing te and
set 15 wavel eblge hcaysuads ninbadateaper auatebde 251Cen?. sy&temup t he

Odianisidine/phosphateMg?{O,l;g)g?t glﬂféggih?n%gge%ﬁighmater bat h and bubbl e

the solution with oxygen f east ore use. 20 3. Measure the
bl ank usi ny t¢eyseabgehtasbbut condinkitnat hele edrgadysbleeni desaddded, 4.

Pi pette 2.4 f Lapi sidi .nh rKi .sal ution, 0.4
m of 2 M gll:ﬂga épgéqﬁggg%gg%%gggﬁéﬁ*gg?gégrgzgggégSrﬁfgogglggdﬁéposable
cuvette. 5 AddidOimvewnfiche ehizysmeowhdpbe bnteHe bowewvee, wahlat(tthlet the

cuvette to preyente e SAPL e L4 OR hELPIoM thet BEoLEREERE AL this step)

references have been optimized to yield, in most

10 instances, a few large, diffraction quality crystals.
Accordingly, it will be appreciated by those of skill
in the art that some degree of adjustment of these
conditions to provide a high yielding process for the
large scale p;odqction of the smaller crystals used in

15 making protein crystals the present invention may be

necessary.

Crosslinking of Protein Crvstals
According to one embodiment of this

invention, for example, the release rate of the protein

20 from the polymeric carrier (composition) may be slowed
and controlled by using protein crystals that have been
chemically crosslinked using a crosslinker, such as for
example, a biocompatible crosslinker. Thus, once
protein crystals have been grown in a suitable medium

25 they may be crosslinked.

Crosslinking may be carried out using
reversible crosslinkers, in parallel or in sequence.
The resulting crosslinked protein crystals are
characterized by a reactive multi-functional linker,

30 into which a trigger is incorporated as a separate
group. The reactive functionality is involved in
linking together reactive amino acid side chains in a
protein and the trigger consists of a bond that can be



_ 99 _and cover with a piece of parafilm Mx quickly by inverting the
cuvette twice, insert the cuvette into the spectrophotoneter's cel
conpartment and start to collect data. 5 Calculate the enzynme specific
activity using the following fornula Specific activity = A*B*C/ DE*F Were:
A = The changed in units of absorbance at 10 460 nm per mnute B = Reaction
m xture volune (mM) C = D lution factor D = 11.3 (a constant) E = Wi ght
(ng) of the enzyne used 15 F = Sanple vol¥e (n) Exanple 31 Activity of
the dried crystals: The activity of the dried crystal formulations of

gl ucose oxi dase was neasured as 20 described in Exanple 30. Shelf

stability: A bBra#gnobyt Rétshéng eRgbPIi MPref Coddhiidisond eyl ucose

oxi dase cryst §h§r%ﬁdﬁ.’ﬁéf 8h0EdonhBnthie . gasepH, he dnfdPlratdongy mer e dri ed
by method 4 25 of Exanple 6 and were stored in a 2 nl screw cap Eppendorf

tube in a wat ERpaRrAdypaBdcopERpeprstivatyor 13hddyds Addivatradeht specific
time points WgkggrammdPPca®hbyabged by dissolving 2 ng of the dried sanple

in 50 mMMcitrate buffer, pH 6.0 and then nmeasuring the activity according
to Exanpl e>30. X~Y—2 + 2 AA residues --> AA;-X=Y—Z-AA,
change in environment -—> AA;-X+Y—Z-AA,
-~ where X and Z are groups with reactive
functionality
-- where Y is a trigger
10 -~ where AA; and AA, represent reactive amino
acid residues on the same protein or on two different
proteins. The bond between the crosslinking agent and
the protein may be a covalent or ionic bond, or a
hydrogen bond. The change in surrounding environment
15 results in breaking of the trigger bond and dissolution
of the protein. Thus, when the crosslinks within
protein crystals crosslinked with such reversible
crosslinking agents break, dissolution of protein
\ crystal begins and therefore the release of activity.
20 Alternatively, the reactive functionality of
the crosslinker and the trigger may be the same, as in:
X—-Z + 2AA residues -—> AR -X—Z-AR,
change in environment -—> AA; + X—Z-AA,,
The crosslinker may be homofunctional (X=Y)
25 or heterofunctional (X is not equal to Y). The
reactive functionality X and Y may be, but not limited
to the following functional groups (where R, R', R" and
R'" may be alkyl, aryl or hydrogen groups):
I. Reactive acyl donors are exemplified by:
30 carboxylate esters RCOOR', amides RCONHR', Acyl azides
RCON,;, carbodiimides R-N=C=N-R', N-hydroxyimide esters,
RCO-0-NR', imidoesters R-C=NH2"'(OR'), anhydrides RCO-0O-
COR', carbonates RO-CO-~-O-R', urethanes RNHCONHR', acid



The shelf stabilities of the various glucose 5 oxidase fornul ati ons stored
at 50 C were determ ned. The data are presented in Figure 12. Lactitol was
the nost effective excipient at preserving glucose oxi dase specific
activity over tine at elevated tenperature. Table 10. d ucose Oxi dase at
50C 10Dri ed gl ucose oxi dase crystal sExcipientT"~

daysnonel. 52Tr ehal ose3. 8Lacti tol 4. 8515HPCD2. 4AMOPEGL3. 1Cel ati n3. 95Sucr ose3. 2
7Sol ubl e GODO.04 (0.91 hrs) 20 The T1,2-wa$ calculated fromthe shelf life
data by non-linear regression analysis using the Sigma Plot program Table
10 shows that formul ati ons of glucose oxi dase were 95 fold nore stable than
sol ubl e when thaehiaders RORHR usethaise terlﬁdhqll@qﬂn 1 reeglihydnaz p8es

formul ati ons ase | » s1abk.e & han sol ubl e when
| actitol was Sié%}as tHeq%XC|p|e Qd?‘ g$n5|§$I%nSPUSIng HPCD or
MOPEG as exci pi ent s withIy ummeﬁjmmw admowes 6269 exemBRbfiedd nore
stabl e than sgq Qg:]] R Sase f&éz?esso%dﬁ"e' y{d %Fbéf 10). Finally,
formul ati ons u ng ge I N Or ‘sucrose as exci pi ent's wi g?ucose oxi dase
crystals wéreRI® @hdR32 fkeltd LisoR& 'SX0aBl' B"t haResokubkecarbopydti vel y (Tabl e
10) . - 101 Il At t |, HPCD,
MOPEG, gel ati ﬁFglre%ucroqg%n%qgoxn\é%lpl rﬁdt&s&\?\n ILJ&FZHCO.(;:% og><| ?%%Pcrystal S were
2.5 fold, 3.2sfkilldedl.if fidled,ard @ F @mhteirs wamqquhrzamrf dmd 5 nore stable

t han glucose ;xﬂ hp £ . S

measur ed by T O%%:i@ s %%%rse [Fa%e IL\;D ur eclconﬁ%]&fraé igtcd cont ent
was deternlne@JggxﬂajK&LLgmmgzgphéhenﬂduﬁhammnalﬁqqmpanywﬂuﬁacturer

i nstructi t I i Nbl tur er~1 s th a VA-06
Vapor i zerq‘?M lt}l(su "sh d\ﬂm%lr%qca Cépor t| osz éJT%LI}%t %ﬁn@‘&abl e ~1.

Mbi st ure cont @miotefi nGo e B 3

Trehal ose Lactyi H Q@;EE tin Sucrose 0 4 3819 4.5279 8.3817 4.2008
4.7090 4. 2083tR %%b fg; 438§E§ﬂ%582 8.0763 13.7541 9.8284 Crystallinit~:
20 T?et c;ystal integri tyEIcIL A& y3O0D rf @l a:tqrxmz \aerse mempladf:qu Ibyt "
guantitative s i r |0 ri.hed i n is
exanpl e, the cgll%éﬁal%gpa ryg ?lgi&é'%#e \T%Sé_%a |zeg(er gl I\gt’lEé%%ﬁ'

crystalliabt ye\sasnstmCaRhedphbspbgheuesttIaQSpRB@é@s'325 Elgulexmﬁigtmow t hat
gl ucose oxida ryst als i kygyis a after
AP L Ui TR S
crystallinity el 1 X ateria
Urehal ose, - as Gonistaa e Brqure feloghiBee doLhay, DRpRsHeR B ase WiT
r emai ned }eadaﬂyYVE§uaI|zed after after 13 days at 50 C, as shown in Figure

16. 20 IV. Sulfur containing groups are exemplified
by disulfides RSSR', sulfhydryls RSH, epoxides R2C9CR'2
V. Salts are exemplified by alkyl or aryl

ammonium salts R,N+, carboxylate RCOO-, sulfate ROSO0;3-,
phosphate ROPO3;" and amines R3N.

25 Table 1 below includes examples of triggers,
organized by release mechanism. 1In Table 1, R= is a
multifunctional crosslinking agent that can be an
alkyl, aryl, or other chains with activating groups
that can react with the protein to be crosslinked.

30 Those reactive groups can be any variety of groups such
as those susceptible to nucleophilic, free radical or
electrophilic displacement including halides,
aldehydes, carbonates, urethanes, Xanthanes, epoxides

among others.



5 Secondary structure characterization by FTIR Stability was assessed by
quantifying the secondary stucture content of the dried and fornul ated GOD

crystals by FTIR as described in Exanple 9. For conparison,

gl ucose oxi dase sanple was 10 prepared by dissolving glucose oxi dase
crystals in 50 mMcitrate buffer at pH 6.0 and placing about 1 mM on a Zinc

sel eni de crystal

103 Table 12. Sol uble d ucose Oxidase at5B0€ 5 10 i5 20 25 30 35 -
a- ~3- Ext endedsanpl eHel i xSheet s( 3- Tur ncoi | Randonsol ubl e
GoD35. 6529. 1414. 028. 3212. 87sni t.

50CAf t er

ti neAtter

6 hr Ta®A25.1458. 4432. 0924. 15at
50CE0OD- 30. 34291082823

a sol ubl e

of ARK ESP, which then analyzed for stability by FTIR

| hr 23. 0534. 786. 1718. 5617. 94at

424.6333. 325.
50CCGoD33. 8225

1082823139155 rehal-oseirit—treAfter
[821g4é®. | Odays at | Examples Release
888. 8220. 4111. 07- Lactitolinit tineAfkmmdltlons

427.2427. 538. 5619826 85days—att S6Ceov—HPCE~yg25-758-4623-—1612-88{ ni t .
ti meAfter 417| 1518c¥96Llap3iesl 29 B1@=fys at 50CWoD [ H or Lewis
- MOPEG25. 4528| 23Dkez82. 5214. 18i r‘*lQ gt i R tNeM4| 5. ¢ 780,408 . aptEE. Y6515, 63days
at 50CGoD- gel ati n31. 0534. 057. 0523" Pzet@l ni ketal neAf t er
423.4926. 28. 5B16. 2425. 49days at |50@Hatpl, Michael
- 30. 1229. 6B11{ 0319. 759. 428ucrosei&dduct$mm#¥¢Qws424 6623 759 5831. 531p. 46da
s at 50C ICCUSTON. S 1e gryco oSt neli.ca
cont ent V\n’Ctgr\lll 9 E]g ﬁaﬁ €at 50 ?%@ggars | agt atrcﬂews cfaé?eslai:nd
trehal ose 40 F h& nost effectQQﬁP ents in énting | oss of
a- helical content upon storage at'eﬁbQﬂ %ed tenp¢rature. d ucose ox| dase
crystals fornpulated in - 104 |{I7 i$§ Zucrose and trehal ose and dfied
by nethod 9 showed only an 18.1-I@% C&g@ of a-helical structural cpntent
after 9 days pt 50 C. Exanple 37 ] 3@ zaﬁacﬁ}gThia ruaosa | i pase
tals: Matprials:
crys adducts, esters
3. Fluoride R-0SiRj Aqueous F~
Labile Linkers Various Si
containing
linkers
4, Enzyme * RCOOR, RCONR,' Free lipases,
10 Labile Linkers amidases,
esterases
1
5. Reduction *» Disulfide H, catalyst;
Labile Linkers linkers that Hydrides
cleave via
Hydrogenolysis
+ Reductive
Elimination
*+ R'-S-S-R
6. Oxidation * R-0SiR; Oxidizing
Labile Linkers * Glycols R- agents: e.dg.
CH (OH) -CH (OH) - H,0,, NaOCl, 104~
Metal based
oxidizers, other
hypervalent
oxidents
15 7. Thio-labile . -5-5-R Thiols, e.qg.,
linkers Cys, DTT,

mercaptoethanol




A -
200, 300, 40
suspensi on (

Candi da rugosa |ipase (Exanmple 1) B -
acet one Procedure:

0, or 600 10 C -

140 ng) is added to

Pol y(eth

four 15 m tubes.

yl ene glycol), 100g

Next ,

PEG

A4 m aliquot of crystal
t he suspension is

centrifuged at between 1000 to 3000 RPM for between 1 15 to 5 m nutes or

unti |

(any PEG between 200 to 600 is suitable)

contents are
bet ween 1000
polymer isr

m xed until honoge
to 3000 RPM for
eaned Next ,

the crystallization buffer is renoved. Then,
is added to each tube and the

9 m of liquid pol

ymer,

neous. Th&Bsuspension is centrifuged at
between 20 1 to 5 mnutes or until the liquid
4 mM of acetone (isopropanol, butanol and other

solvents are g %%ltable) IS nggg ioseach t ube q_nlxed wel [, The
crystal/organ c gFvent suspens|i Ons Bre transferre%ef BB cmX 4 cm
Bl O RAD pol yiprep 25 chronatogriaphy colunms (spin RIS he coludns are
centrifuged pp.100QBEMERR1L tio. Sydi Wi gsni Oy emgve dhe; o gankgr 30! Yent .
Finally, nit ggsmlgailh@ge%ssed Etﬁé"f@llgh the’ col YBhdQy dryadbier sTystal s
until a free|flow ng powder resut cH=cHO5 Exanp|gy 33rPur@decs
(protease) QgOOL crvstallizati g ,&\@i{erA@ B A - crcqgie Bur af{@)ct 4%00L 5B -
15" i NaS04 splution Procedure: UnEsed cruds pqyﬁ(@pt enzyme sol ution
is mxed with two vol umes of 150 hb 04 sol ution. Jﬁg%éqygége is stifred
for 24 hr at i +eemtenperature—a—3i0—urtH—the—erystal+Fat-er—+s—eorl et ed.
The crystal s| &re Rhshedabifik 19~ Na+S0Ztrsiménieybn tioligfhtm (fatle t he sofubl e
enzyme. The tLyskaeks are susperlde@NB)n fresh 150 N9~S04 solution to yield a
protein concgntration of 27 ng/|mM .DESYIEx@npbws 34 Oryi nct of Puraf ect
crystals: Mterials: A - purafecﬁ1dk&3k@ﬁs suspengi on B - Pol y(ethyl ¢ne
gl ycol ), 100pPEGZ20—200,—300; 200, 0T :
5 110. Free Thlohydroxa— * Free radical
Radical Labile mate ester initiator
Linkers (Barton ester)
11. Metal- » Iron (III) * Metal removal
chelate linked diphenanthroline |e.g. by
) chelation or
precipitation
10 12. Thermally * Peroxides * Increase in
Labile Linkers R-00-R temperature
13. "Safety * Methylthio- Base; amines,
Catch" Labile ethyl (Mte) others
Linkers * Dithianes
15 Additional examples of reversible crosslinkers
are described in T.W. Green, Protective Groups in
Organic Synthesis, John Wiley & Sons (Eds.) (1981).
Any variety of strategies used for reversible
protecting groups can be incorporated into a
20 crosslinker suitable for producing crosslinked protein
crystals capable of reversible, controlled
solubilization. Various approaches are listed, in
Waldmann's review of this subject, in Angewante Chemie
Inl. Ed. Engl., 35, p. 2056 (1996).
25 Other types of reversible crosslinkers are

disulfide bond-containing crosslinkers. The trigger

breaking crosslinks formed by such crosslinkers is the



C - Organic solution Procedure: A 9 ml aliquot of crystal suspension (140
ng) is added to four 15 m tubes. Next, the suspension is 25 centrifuged at
bet ween 1000 to 3000 RPM for between 1 to 5 minutes or until the
crystallization buffer is renmoved. Then, 4 ml of liquid polyner (any PEG
bet ween - 106 200 to 600 is suitable) is added to each tube and the
contents are m xed until honobgeneous. The suspension is centrifuged at

bet ween 1000 to 3000 RPM for between 1 t05% #inutes or until the liquid
polymer is renmoved. 5 Next, 4 m of acetone (isopropanol, butanol and ot her
solvents are also suitable) is added to each tube and m xed wel|. The

cryst al / or ganbk@dselivent fs yegeasngna gang ,t ransf ery et/ 4t ihdé cm X e cm

Bl O RAD pol y-prep_chronmat ography col umms . (spin colums). The colums are 10
centrifuged aEnYéﬁﬁnﬁﬁﬁﬁf8g ?Bﬁocgoﬁﬁﬁgﬂﬁ§4i?%4§ﬁﬁﬂa%4%?%% mi ¢ sol vent.
Finally, nitrogen gas i ®ipasdsedet broygh inke reoldre desatripddieircriysd al s
until a free flowng p er results.  Exanpl.e 35 Produci ng DNA for
CrystalIizatiéﬁgﬁﬁ§s§ﬁ§§288r59§dhgpgPPS%C(6%£§ﬁi§§5kﬁfﬁié%’ P64, may be
used to predueecenther iDNABOLcoRMAGhOE TRy$hdlduezat i, 0By In t.his exanpl e,

pl asm d pSP64 (avail able Promega_ Bi ol ogi cal Research Products) 20 is
used to generE%Em5H§OP0r(Eégg}algng?Wéﬁ.Pf%ESCDﬁRWﬁﬁ$QQ39éﬁH%qﬁ9 btein
of interest iBrhBsektedmpaho, abg50R gtherer siasly i1G00QN ssirt g ey | abl e in

the nultiple (o]l Si,t The reconbinant plasmd is then used to
transformE. §%I?bggéféﬁ§3: Next, |arge anmounts of 25 plasm d are obtained

by growth of the bacteria in anpicillin containing nmedium The techni ques
for produci ngekheplesostii bash prassidnkkianshennideg E. coli cells and for
bacterial growh and plasm d DNA preparation are described in detail in
“Mol ecul a1 030H&hont fanc2han&di (Sonmet+989) Sanbrook, J., Fritsch, E. F. and
T. Maniatis. - 107 Plasm d DNA is subsequently purified fromthe

bacterial culpbgses bythiobislyscognihedoeblkspabaatken gsepar anong dse

pl asm d DNA fremahbesgreagest DNA, RNA and ot her cellular materials using
CsCl gradients. 5 These techniques are well known in the art and are

di scussed i n OessaP| -i B-Sanbt tiekoi s abulTbeugradientyppirobiieta®¥A ,i s
extracted w thatfferss&EDiBlbuiéesisatofabsd N-butanol and finally ethanol.
Next, plasm d DNA is subjected to either linearization of the 10 plasmd,
for use in5St hergenerBimethpl BIRNA-EbthRMAiepyspdabhimatinoe «fE3anpl e 36) or
exci sion of the gene of interest for DNA crystallization (Exanple 37).
Exanpl e 36 PrRASEDNg BPRBA(fof4Caystabbiliayilenido)lethyl)disulfide

N DPDPB -~ 1,4-Di~(3'-[2'-pyridyldithio]l-
propionamido)butane.

Heterobifunctional (Asymmetric)
20 SPDP - N-Succinimidyl-3-(2-pyridyldithio)propionate

LC-SPDP - Succinimidyl-6-(3-[2-pyridyldithio]
propionate)hexanocate

Sul fo-LC-SPDP - Sulfosuccinimidyl-6-(3-[2-
pyridyldlthio] propionate)hexanoate, water soluble
25 version of LC-SPDP

APDP - N~ (4-([p-azidosalicylamidolbutyl)-3'~(2'-
pyridyldithio) propionamide

SADP - N-Succinimidyl (4-azidophenyl)1l,3'-
dithiopropionate

30 Sulfo-SADP - Sulfosuccinimidyl (4-azidophenyl) 1,3'-
dithiopropionate, water soluble version of SADP



15 20 25 30 The SP64 plasm d in conbination with SP6 RNA Pol yner ase
(avai l abl e from Pronega Bi ol ogi cal Research Products) are used for the

generation of mlligramquantities of 5 capped RNA transcripts. The
plasm d prepared in Exanple 35, prior to excision of the gene, is
linearized with a restriction enzyne downstream of the poly A tail. The

linear plasmd is purified by 2 phenol/chlorof ormand 2 chl orof orm
extractions. DNA is next precipitated wt BONaOAc (0.3M and 2 vol unmes of
Et OH. Next, the pellet is resuspended at approximately 1 ng/m in
DEPC-treated distilled and deionized water. Transcription is carried out in
a buffer conp8RED of S40FosMcHing i@l I(qi+ 81321 B0 s Gryunser i IAT and
40 M sper nm denetafhees eltbeduant3 'reddemtsr ggrieorsedoed i n order to one vol une
of DEPC-treated water at roomtenperature: 1 volunme SP6 RNA pol ynmerase
transcri pti onSBNDf er Sul&dBuacCiRmamy I-dFRAn-a zZliddvo~ - 108 concentrati on
rGIP to 0.5 miitonbentzeatidonethydG15'3) prb(t3 )op api careeieog ( New Engl and
Bi ol abs, Beverly, Mss., 01951) to 0.5 nmM concentration; the linearized DNA
tenpl at e pbepargd abSué fosu@ch nigViny 15 2eoipcermtirdats adn;c yRN4s da) gtiPrydirega,
Madi son, Ws. ), 26-200bibpmoprdomadrt r ati on; and SP6 RNA pol ynerase (Pronega,
Madi son, Ws.) to 3000 Um concentration. The transcription mxture is
i ncubat ed f orSMPRotr Satc3nCmidlyd -BNA pt-evegledine. dophicmeni )divgestage by addi ng 2
10 U RQL DNAse (Promega) per mcrogram of DNA tenplate used. The di gestion
reaction is canifedsSHBR fosulFomuruotiedmiBlyd-td-dmscri bed RNA i s extracted
twice with chheieimidbphengll)andytraitee wit h chl orof orm The super nat ant
solution is precipitated with 0.3M NaQAc in 15 2 volunmes of EtOH and the
pel | et isl0essMPEnded-Enctifint dREBLychedoay ldamethivied—wat-er per 500 nd
transcri pti onpprddutthif) nabllyenkehe supernatant solution is passed over an
RNAse-free Sephadex G50 col um (Boehringer Mannheim # 100 411). The
resul tant 20 $ENPot+BECs@MPIcrefulyopuceinimbevlséd (cr-ysttaili-pat(izen. Exant ~| e
37 DNA cryst abyrzdyivhidvhtelivamsdoMhexBuoiattieed pl asm d DNA (Exanpl e 35) 25
B - spermne C- MPD (2-Methyl-2,4-Pentanediol) D - 5nM Ca Acetate buffer
pH 7.0 E - Deioni zed water :

In particular, see Part II, Chapters 3-5 on

15 Zero-length Cross-linkers, Homobifunctional Cross-
linkers and Heterobifunctional Cross-linkers in
"Bioconjugate Techniques", By G.T. Hermanson, (1996),
Academic Press, Division of Harcourt Brace & Company,
525 B Street, Suite 1900, San Diego, CA 92101-4495,

20 Crosslinked protein crystals useful in the
protein formulations of the present invention may also
be prepared according to the methods set forth in PCT
patent application PCT/USS81/05415,

Encapsulation of Protein Crystals in

25 Polyvmeric Carriers
According to one embodiment of this

invention, compositions are produced when protein
crystals are encapsulated in at least one polymeric
carrier to form microspheres by virtue of encapsulation

30 within the matrix of the polymeric carrier to preserve
their native and biologically active tertiary

structure. The crystals can be encapsulated using



- 109 Procedure: The anplified DNA (Exanple 35) is renoved from she
plasm d by restriction digestion. The inserted gene is purified fromthe

pl asm d vehicle by 5 agarose gel el ectrophoresis and extraction of the gene
of interest fromthe gel band of the appropriate nolecular weight. Using

t he hangi ng drop technique, DNA at 5 ng/m ir. 5 mM Ca Acetate/ 20~ MPD/ 1

m M sperm ne buffer 10 at pH 7.0 is incubated at roomtenperature until 90~
of the DNA has crystallized. The resultimdlcrystals are washed with
crystallization buffer to renove all the soluble material fromthe
crystals. Then, the crystals are resuspended in fresh crystallization
buffer to 15 acaréeesa Emwpmﬁﬁééhﬂﬁaanéﬁoﬁfb50ﬁggﬁﬁdaEianpbéY®8rRNA

crystallizati ri d,,ARNA a B - spermne C
“T XD (2- MBt hy 2 g@ﬁsp%ﬁ% ne o??ggtié§HWICa peE¥aSBigaERL %gﬁ 7.0 E -

Dei oni zed wat efie Prvesdute: d25feseny bhelhdahgihgedvoponmehhsgas, IRKA

(Exanpi e 36) aisefempib Lped FMCayACe] ghe! 20rMPDL LonMesperghia. bykf er at

pH 7.0 is inc Me room tenperature until
crystallized. ame, r@h@refngecr9@1aVsrmr@fmasheﬁemprﬁteiystal|ization -

110 buffer to,feupye,adlylnensobubl eohpLerLaba Lot hencryshal soeThen the

crystals are resuspend resh crystalTizafion er to achrevé RNA
concentrati on pdlgney/ admpss Ekaapl ep@bymaducrPonl bhkangl npohgm@esbonse to

H'V apl20 Usi ngt DNt LEYSt 8L Symer solubility, protein crystal geometry

and degree and, if any, of protein crystal crosslinking

10 Protein crystals or formulations to be
encapsulated are suspended in a polymeric carrier which
is dissolved in an organic solvent. The polymer
solution must be concentrated enough to completely coat
the protein crystals or formulations after they are

15 added to the solution. Such an amount is one which
provides a weight ratio of protein crystals to polymer
between about 0.02 and about 20, preferably between
about 0.1 and about 2. The protein crystals are
contacted with polymer in solution for a period of time

20 Dbetween about 0.5 minutes and about 30 minutes,
preferably between about 1 minutes and about 3 minutes.
The crystals should be kept suspended and not allowed
to aggregate as they are coated by contact with the
polymer.

25 Following that contact, the crystals become
coated and are referred to as nascent microspheres.
The nascent microspheres increase in size while coating
occurs. In a preferred embodiment of the invention,
the suspended coated crystals or nascent microspheres

30 along with the peclymeric carrier and organic solvent
are transferred to a larger volume of an aqueous
solution containing a surface active agent, known as an
emulsifier. In the aqueous solution, the suspénded

nascent microspheres are immersed in the aqueous phase,



DNA, coding for HV gpl60, is prepared according to the nethods of Exanpl es
36 and 37. 10 Crystals of H V gpl60 are then used for imunization of mce.
Many genetic clones of both primary and | aboratory isolates of HV are
avai l able fromthe A ds Research and Reagent Program National Institutes
of Allergy and Infectious D seases, Rockville MD 20852, 15 for designing
vacci nes whi ch induce broad neutralizing i munity. The DNA crystals are

mai ntai ned in the crystallization buffer &4d—-200 E.cl/nouse is injected
into the rear hind |l eg. The devel opnment of an i mmune 20 response to gpl20
is determ ned by neasuring serum antibodies to the corresponding V3 | oop
peptide in EUWQ@Rﬁ]Qb@nﬁﬁQﬁ%ﬂQxﬁﬁ%NGHEGﬁﬁaHQ¥aKﬁ$n@ﬁcdiﬁﬁuéesaﬁwﬁwnune

Response to HaAL AP a2 MENA rystal s R [ 60nkL
pr epar ed accordlng to %§%h§ﬁnethods]€g Efgaplegﬁ%%RQngand HQ&Cr?s?SIs of

H V gpl160 mRNATgE ©QUSEEY ors tihe Jarasi zalwnlofamd céormarsous primary and
| aboratory 15ghalahiGatdd/ dake endddsumaidablie y;BP&T%é ? chgscBesearch

and Reagent Program National Institutes of erg I OUS
Di seases, Roclo [fice T3 Z08BLE HQHfQRmn%yﬁQRPQ§kﬁﬁ®@s whihth appecé bfoad

neutral i zi ng Itrn@?f e dobe sy E@O%ﬁreyét@ S AN, FEd A ﬂnsé tget he

crystallization b and 2 /mouse is injecte nto t rear hind |eg.
The devel opnemelomedrid makid eesporsd yregpl be serel F il eledhdypaetsuri ng

serum anti bod'z%%iufc% ttm% q@{ﬂ@ﬂ%ﬁ%ﬂ%\&&@&&%dﬁ%é&&& EH1§A on a

nont hl y basi s. anpl e 41 1go DNA crystallization Materials: -
Synthetic Qi gf@r@mswrase%pvefr matd e -Invih g gmewldtzrm@emanem ol) D -

5mM Ca Acgtoat @ Rifheh PRnAR B P piged at e FRIACAAN Sy, 1f the
coating polymer has some inherent surface activity,
there may be no need for addition of a separate surface
active agent.

Emulsifiers useful to prepare encapsulated

15 protein crystals according to this invention include
poly(vinyl alcohol) as exemplified herein, surfactants
and other surface active agents which can reduce the
surface tension between the polymer coated protein
crystals or polymer coated crystal formulations and the

20 solution.

Organic solvents useful to prepare the
microspheres of the present invention include methylene
chloride, ethyl acetate, chloroform and other non-toxic
solvents which will depend on the properties of the

25 polymer. Solvents should be chosen that solubilize the
polymer and are ultimately non-toxic.

A preferred embodiment of this invention is
that the crystallinity of the protein crystals is
maintained during the encapsulation process. The

30 crystallinity is maintained during the coating process
by using an organic solvent in which the crystals are
not soluble. Subsequently, once the coated crystals
are transferred to the aqueous solvent, rapid hardening

of the polymeric carrier and sufficient coating of the



20 Using the hanging drop technique, synthetic oligo DNA at 5 ng/m in 5 nM
My Acetate/ 30~ MPD/1 nM sperm ne buffer at pH 7.0 is incubated at room
tenperature until 90g of the DNA has crystallized. The resulting crystals
are washed with crystallization 25 buffer to renove all the soluble

material fromthe crystals. Then, the crystals are resuspended in fresh
crystallization buffer to achieve a DNA concentration of 5 ng/nl. - 112
Exanpl e 42 Antisense DNA Adninistrati on"F&? Tnhibition of Gene Expression

A igo DNA crystals coding for DNA sequences 5 which are conplenentary to

t he sense strand of an nRNA species which is to be suppressed are generated
as in Exanpl e CAYStRd@ 1t Fdec PFSiARsESol tE GhfAlads dile Gty ta gt e

crystals is agdmiRirSEAr &ddnd diR@ oIk oMer @ ngenR thdy eSHRNA neht nignded to
be inhibited. 10 Subsequently, cells will take up the DNA crystals or

di ssol ved DNAU&Rd fthE€r@Isisgd nied ®HQtiedst A adis 1T5Grhted®sl enent ary base

pairs and geng 8xRee RN of ldryae ahNhnRithed nf oot R a NS HATED
PROTEI N CRYSTALS 15 Exanple 43 Larne Scale Crystallization of Pseudonobnas
cet ~aci a LiPpa®&JAnsiCusyveRtes kg crude Pseudonpnas cepacia |ipase (PS 30

|ipase - Amano) ("LPS') ryas liisaalreedstl 28 H0A ynliss! iddhed el qnf zed vater
and the vol ume brought to 26b w th additional "distilled deionized water.
The suspensi oRO®&s thiex @ oitgiain CAYE tBASy€ani §8t Giitdraf Benor®e IYMedif s at

room t enper at greandotihaR il | t ¢hed  FREOBEN NG o Y idft @hel O renove
celite. The mxture 25 was then ultrafiltered and concentrated to 10 L
(121.4 g) usi BgcaosRhREIEISoWSf lBEgely Setexmibesh&Ye dher hygeolgslisd cal ci um

acetate way added b¢ 2ne0ne8AtaLLoNpEh yAR rM¥LERGEBCOG)~ g he sAH was

adjusted to 5.5 with concentrated acetiC acid, as necessary. The m xture 30
was heat ed t othaRdratenrdi nedralvaicedpergegeé 66 Jodlows: 113  Magnesi um

sul fate was agdded hopan@t@sM-CRREGELERLE08, phahlewrs Ry sghucopon to a 1~
concentration. |Sopropanol was then added to a"final concentration of 23~~.

The resul ti ngP8dlaritbreR&Srsi Reol srnaddemi-nufes & &evie®, otfhen cool ed from
30C to 12C ovgioBedrA@dble and biocompatible polymers, see W.R.

15 Gombotz and D.K. Pettit, "Biodegradable polymers for
protein and peptide drug delivery", Bioconjugate
Chemistry, vol. 6, pp. 332-351 (1995).

In a preferred embodiment, the polymeric
' carrier is composed of a single polymer type such as

20 PLGA. In a next preferred embodiment, the polymeric
carrier can be a mixture of polymers such as 50% PLGA
and 50% albumin.

Other polymers useful as polymeric carriers
to prepare encapsulated protein crystals according to

25 this invention include biocompatible/biodegradable
polymers selected from the group consisting of poly
(acrylic acid), poly (cyanoacrylates), poly (amino
acids), poly (anhydrides), poly (depsipeptide), poly
(esters), such as poly (lactic acid) or PLA, poly (b-

30 hydroxybutryate), poly (caprolactone) and poly
(dioxanone):; poly (ethylene glycol), poly
(hydroxypropyl)methacrylamide, poly
[ (organo)phosphazene], poly (ortho esters), poly (vinyl
alcohol), poly (vinylpyrrolidone), maleic anhydride-



period. Crystallization was then allowed to proceed for 16 hours. The
crystals were allowed to settle and sol uble protein was renoved using a
peristaltic punp 10 with tygon tubing having a 10 ml pipette at its end.
Fresh crystallization solution (23 isopropyl alcohol, 0. 2 MMgS04 , 1 o
gl ucopon, 2 0O MM Ca ( CH3CO0 ) ~, pH5 . 5 ) was added to bring the
concentration of proteinto 30 ng/mM (O D. 280 of a 1 ng/m solution = 1.0,
measured using a 15 spectrophotoneter at Wdvel ength 280). The crystal yield
was about 120 granms. Crosslinked LPS Crystals Crosslinked Pseudonbnas
cepacia |lipase crystals, sold under the name ChiroCLEC-PC ~', are 20
avai | abl e fromlAtlug Bl ®fireyr, darel Y@y i Rijeronbe spehyeest s) were used

to produce foriuhatinns REGAIA G0 AP S 8o 1§ 208 hXel ¥aclivRase
crystals as prepared above nmay be crosslinked using any conventiona

met hod. 25 Exaedilegsdn,CrigdlimkigeladfinG dusknibdasac Odyst al s W t hen
crosslinked t : i e g | r d i le 21 as follows.
The crosslink?ﬁég%#%he Jgé'lndoﬁ@@y g J?é Qﬁggﬁihe%@%fgéga 1 19

gl ut ar al deHydeogvsacsdiead das/h beiarts afvd scdpdfgrers thereof.

(2am no- 2- hydigaxuret et SAARALCAA JyeddhSiiey Ofn df aMhOPPEL 08, The
crosslinking was perfornmed usi-ng 60 ng o protein. Tris preé reaged

gl ut ar al dehyd& -(¥48 Bag aFr/i s' Thaeservy agidutRaraad tdetsy def) Grarst aoldeeld t Brug
concent r ati ons, .gf; Q. 018 VSt 5 an ' 2 di um
phosphat e at %ﬁq%. F%nggF}onég$%¥§£%##6§égjto prdbeedg?%gn?%opg%égé at
room t enper at bew. YAftker NYwo (R@&03,; X0 Q.lfe droyataal sanverR. Ki | Peekdrand washed

over gl as i ber - | i stal s re-_enca ed as
descri bed%'lofn E@gﬁ%‘%@%&}% g{e%?)zlroel% d \c/i\’r/eokie' ?ﬁc n'tgf?ed’ i Eﬁﬁg}'
encapsul at i onEpMoc&emadetmeén EleHEI wamdos| ElcrSesisli nkadrmay soél s. A
representative. L i nEi,gur, . I 5 Cr | i nked Candi da
Ruaosa LipaseﬁéﬁggggﬁgbéﬁgggﬁgﬁKegg 'néﬁdgérdggggﬁfﬁﬁggé éﬁ%gtals, 20 sold
under the nanpréffiiero€dEGoCRMer arid lavigipesms expfororhih@ tresrBiobbgr cs, | nc.
(Canbri dge, S r S ; rqgggﬂ: o] i ordi ng
to Exanpl e 423@%?%3?%%?“%?%% }ggfa?gléc%%sot z%llgl as pregplaé; g%u;éz%o%/)lgé ?r% be
crosslinkéd ushihgndey teervedt tbralenrarisodat2s Exargilad s16( rowsl 2 hkona of

Human Serum ALRUMBRGEYSt8b%s) . Alternatively, the solvent

evaporation technique may be used for encapsulating
protein crystals (see D. Babay, A. Hoffmann and S.
Benita, Biomaterials vol. 9, pp. 482-488 (1988).

20 In a preferred embodiment of this invention,
protein crystals are encapsulated in at least one
polymeric carrier using a double emulsion method, as
illustrated herein, using a polymer, such as
polylactic-co-glycolyic acid. In a most preferred

25 embodiment of this invention, the polymer is
Polylactic-co-glycolyic acid ("PLGA"). PLGA is a co-
polymer prepared by polycondensation reactions with
lactic acid ("L") and glycolic acid ("G"). Various
ratios of L and G can be used to modulate the

30 crystallinity and hydrophobicity of the PLGA polymer.
Higher crystallinity of the polymer results in slower
dissoclution. PLGA polymers with 20-70% G content tend
to be amorphous solids, while high level of either G or
L result in good polymer crystallinity. For more



Crosslinking was perforned on the human serum al bumn crystals prepared in
Exanpl e 10. The crosslinking reaction was perforned at 9Cin a stirred -
115 solution of crystals in the nother |iquor containing 50~ saturated
ammoni um sul fate. The crystals were not washed prior to crosslinking with
borate-pretreated gl utaral dehyde. 5 Pretreated gl utaral dehyde was prepared
by addi ng one vol une of 50 k glutaral dehyde ("GA") to an equal vol une of
300 mM sodi um borate at pH 9. The gl utar &3dehyde sol ution was then

i ncubated at 60C for 1 hour. The solution was cooled to roomtenperature
and 10 the pH was adjusted to 5.5 with concentrated HCl. Next, the solution
was rapidly cbofeEmahierecRoPyeraThedpPEEPeates @Iétaﬁ&ﬂ@éﬁ@d@n@ZS ) was
added to the JSZVI»YS'C@ééﬁ?aﬁBQQdéefH&éBDe'goﬁyﬁE%EW‘f%% Laghi;an s 14geRg-0. 05
increments (total concentration mnute intervals to a
concentratlohp%éyé@lyﬁ@%h%bfgoby tpetéFyafar)i RempoRnsocePody™messd ranged
between 1 m gand pQY vg&yneonhﬁpcry§g§L§4g@rqlggqq breyght to 5 -0 GA
and incubated at 4CTor 4 hours to al | ow crosslinking. Finally, albumin
crossl i nke® cd@%t%ﬁ%s2®fmgfee%@¢$@©$eﬁobyatGﬁ/bﬁeé&dggdwﬁusugétmbﬁ and
washed repeat p T4 S opped when

t he crossllnﬁ%%&%ﬁxééﬁﬁsf%%ﬁ% ° gﬁ%%éfﬁogg%o§wﬁ R Hgﬁgg %Fthout
aggregati on. Ekamp¢eaQMdzsn@}@%$¢®hk¢n@CDﬂ Pen|C|II|n Acvl ase Pretreated
gl ut ar al dehyde was pre 4 e at ed

gl ut ar al dehyde (25~) was 3%] t ﬁ%éggﬂéﬁngﬁgg??gn gl E?IBBﬁﬁ&E?

st epwi se fasmnﬁieQKm1@ﬁ¢QPMExﬁﬁ>mmmrb@e@dgapt@gapuaonc@ppb&ﬁrwn)lad 15

mnute i r 116 of the
crystall?gﬁtﬁg%ﬁg% utlon use ?%%ﬁﬂagie%mﬁg ?éHFQ EE§80bX1 vol une.

Final |y, cros¥leRiednEriq sferakatee oobl deeedsoyutbanspeadmeshyiehagati on
and washed repeal.edly 3 tdemdt 7 Ts vyl M Jx afﬂgéls% hLngpyas 5 stopped

when the crosslinked crystals c centrl |gh speed wi t hout

aggr egat i on. MRIMMALS 48 W%rmm%‘ﬁb@l%famo@@ﬁﬁdctysanSOfnthe

Pol vl actic-c 0 vc P Enzynes
%q}d%¥8d§ Pe1néﬁ§??# Arefd ) £58Sin EP&thﬁs

Hor nrones, Anti bodi es an Croencaps on was perforned using
15 become coated w1th the first polymer Then, the

solution containing the first polymer coated protein
crystals is combined with the second polymer solution.
[See Pekarek, K.J.; Jacob, J.S. and Mathiowitz, E.
Double-walled polymer microspheres for controlled drug
20 release, Nature, 367, 258-260]. Now, the second
polymer encapsulates the first polymer which is
encapsulating the protein crystal. Ideally, this
solution is then dripped into a larger volume of an
aqueous solution containing a surface active agent or
25 emulsifier. 1In the aqueous solution, the solvent
evaporates from the two polymer solutions and the
polymers are precipitated.
The above process can be performed using
either protein crystals, DNA or RNA crystals, of
30 formulations of any of these to produce compositions.
Formulations according to this invention
comprise a protein crystal, and, at least one
ingredient. Such formulations are characterized by at
least a 60 fold greater shelf life when stored at 50 °C



uncrosslinked crystals of |ipase from Candi da xugosa and Pseudononas
cepaci a, glucose oxidase from 15 Aspergillus niger and Penicillin acyl ase
from Escherichia coli. Further, mcroencapsul ati on was perforned using
Crosslinked enzyne crystals of |ipase from Candi da rugosa, glucose oxi dase
from Aspergill us niger and Penicillin acylase from Escherichia col.i. 20
Tabl e 13 shows the approxi nate average di aneters of sanples of the
m crospheres which were produced by thi§ éﬁanple I n addition, hunman serum
al bumin or any other protein crystals or protein crystal fornulation
produced nmay be encapsul ated by this technique. 25 Table 13. M crospheres
Produced Cr os$harkdd® sxsliumliee din @t oshher i3 RERE el s Gy stel et Bpangt epO
~cnDi aneter ~e I se90 u

Eca%% %%as%%% 5%#@3 ggterna%yé(£§ ¢S are .

oxi dase5050Peni ¢i I n ac OLlpase from Pseudononas cepaC|a (slurry)60
5 B. Prepar at icharsfctmi Z@@%alast lgaat @ sSdrickysazgater nshel f ohstdri ed

according to @h%r;plsecoq_,e;gayate Be e F50 }H{n&%ctey tg}%r{ntq{é)spheres of this
or

i nvention. One process ry|ng protein crystals for use in this
i nventi on iSnvalonds raiul ateedd rfid my OWMlm@W 500 $igR e adre f s Caneld da

rugosa |ipase _¢ryst als ;i omskX 5 ‘PQQQ 6.crosslinked),
gl ucose OXIdaSg #?%nkE%éﬁpwgs %%&an&%ﬁﬁ ?ﬁncross |nk§§nah8 ‘crosslinked) and
Penicillin acgisllé;wnauweflrmmM@ ciarant a7 e dro sl | hea@wt and60?
crosslinked) t%'ég&‘i’{ pm ffer Sihed N& JEIDEL: ld@UQr diag, rgpved by

centrifugatio or 5 mnutes. Next, the crystals were at 25C in
the fune hoodnb@rfqmwl@atm f@rmmfyr@rlchrnrcsdmemrymlmmmlq/mzreqhsed to
encapsulat t ote@l N as 50

ol y(DL- | 40t 1 6. 0 grycar: Hor el By ianar ol ebraet Phe hedo a2ty
D97188. This Ichtarlaa:dtemuedw@ryertthanlmquy lefs 0. tzrmrdlleg}s ior MRl F@BOC. 25

The methyl eneg I Gt I fxom

Al drich Chenlcgph%§ q% % 6@5Q@ﬁ% -ﬁgﬁ}%&%éﬁi %&%ﬁﬂgzﬁgﬁr%hased
fromA drich Cawsi edl 500.° CM w\'namlee@ the. SDIuEi@aﬁgmamfo@aafd @oestedins i n
PLGA: = - 118, 8@'&%%&% ac'h%n""%ro% canpsyl %F—fr‘{%l'lré:ﬁ'-% t’lgca?.r doubl e

emul si on net ho e general process was as | ows, either dry protein
crystal s 8P aconfgeny &f tgrosdiorageyfoa $ \)mnfs et Hud6d Be aepsiunRst

sol ution 5 i ny tFﬁ‘y.[&{eneAqrﬁle‘%Ha@eiveE@ﬁ ey aAISe Wl £A280 W W), tige pol ymer

and becane nasggnt m crospheres. pol ymer in organi c sol vent
sol ution was ﬂpéﬁspérﬂéﬁstﬁh@nnﬁ@ﬁIth$%1QAﬂlﬁﬁ?QﬁtQﬁﬂkuﬂﬂﬂﬁﬁﬁﬁxﬂﬁtlon

containing a %Hgfg %(itn' \é%t%&e@ttox%%ea A3y tdayfsheatorwmcc me%%ll\hent

began to evapor at pol ymer hardened. In“this exanple
successi ve aqﬁb@u§0§f@ﬂ3&te| (f@ﬂbpfdé@rléaﬂr@g:eééhd@tﬁ%atmﬁr% tdfarénﬁﬂ%qul er

were enpl %e%Eg o648 RENY sPhruiche Rl w&{tee&ataﬁt%ﬂ FtBrEgd aheg es. The
foll owing procedure was one exenplification of this
hours at 50 °C, as measured by FTIR, and wherein said
formulation is characterized by at least a 60 fold
greater shelf life when stored at 50 °C than the soluble
form of said protein in solution at 50 °C, as measured
25 Dby Ty5.

Compositions according to this invention
comprise one of the above described protein crystal
formulations, and, at least one polymeric carrier,
wherein said formulation is encapsulated within a matix

30 of said polymeric carrier.

Alternatively, compositions according to this
invention comprise formulations of a protein crystal
and at least one ingredient. Such compositions may be

characterized by at least a 60 fold greater shelf life



15 general process. Those of skill in the art of polynmer science wll
appreci ate that many variations of the procedure nay be enployed and the
foll owi ng exanple was not neant to limt the invention. 1.0 Use of Dry
Protein Crystals 20 Dry crystals of crosslinked and uncrosslinked Candi da
rugosa | i pase produced according to Exanple |, crosslinked and
uncrossl i nked gl ucose oxi dase produced accordlng to Exanples 21 and 45,
crosslinked and uncrosslinked penicillinécyl ase produced according to 25
Exanpl e 14 and 47, were weighed into 150 ng sanples. The wei ghed protein
crystals were then added directly into a 15 nl pol ypropyl ene centrifuge
tube (Fi sher ‘GR¢RnEFPres éBnﬁﬁld%n@h@nnth%fS%%¥%&¢eﬁ%r%h¢6r$@edmtth PLGA at
0.6 g PLGAN mMpsotyent inThe16FYshaks ﬂerecadéi@dnégs@fée%wﬂo the surface
of the solvent Next, the tube was throug hi'y m xed y vortexing for 2

M nutes at robhteERpeiEeLYe FBeKoﬁﬁ?eF§P§39¥§EEF§@ bheapr 688Fh eryStals in

the solvent wd iy PRedardhesgeyet 8l 8e Wehenakto¥ed £0 40- °d 18 qbegone
conpletely coated with polynmer. Further_ vortexing or agitation may be used

to keep the na&ebdhttyi El'rleeph}é@e%oeﬁem%eae%fermoqﬁfaatﬁepreeetnng The

pol ymer may b@rmgpn@ﬁe@ss%ﬁ@a@edwm@%d o 3. I%m?dgts(f" Usg of a Protein
Crystal Slurry ‘A crystal slurry of Pseudonmpnas cepacia |ipase was produced

usi ng appr oxitRRELEEPYYT0f - crAktetmapere D00 HievfandtHeara¢riorzedhe

crystal slurry, vwes 1apsdl y 6@%@? @Qtéfltgheléﬁmte PRhYRT OPYLEACaL050
centrifuge tube é}(l sher Scienti m a solution of nethylene

chl ori de and Polfamdihe wgﬁcyﬂewllact%ltgrnat@ @Jgj RIYedn oI Xerl The

needl e wagg i naedd esk below ¢ hep swi f ace da dhesdyent, andultryﬁfatﬁdzéwo the
solution. In this case, 150 ng of 15 total protéin, ©r 600 ~cl of agueous

sol ution, wasthey exfedcharectey eed dny viehe ¥ nbe%ts pFaat | 205 y¥ T nge

Leur -1 ok (BeQ{éZLrthPkétﬂS@@t@racPWén@r@f tHHHO UG e QP'HQP stora
(Bect on-Di cki nson & Conp any%@staln ess steel needle Next, the pro?eln

crystal - PLGA Z0r sf (#ays vls B9 xéa WA Idighl 5 en s o e iy d?rf Baitut es at
r 00M t eNper atdh o HE S5 trithSe Wal £ A dOWEE 16 be,.oupl g1 £l y coated wi th

pol ynmer. Further vortexing or Tagitation was optionally used to keep the

nascent h<Tr oSPHEF A &b sGrRMERRE tf B8 Y oWCf-’IﬁfQ?te‘?orco%tl?%rs 25 359 1% deni na

the Pol yner Gpatidisfyddvopteprr oqepeemwyoye&ép dacilitate the
removal of methylene chloride fromthe I|c5$e| L ol yner coat and all ow t he
S H’él

pol ymer to h&HERTrRD 19 BY ot gy 5 %ﬁ 14Q% e bt aken t he

steps is 30 td@tudtherLoneiidad ion ©fe rdid il effv@s stwiadd aher 4n - 120
the first sol utlon and the vol une of the fir bnglﬂsol ution is puch snaller

than the sec&f¥S 15F tHe G dhedpd sy dade of $adiq RR_EGhsk of

1 80 (her@mafltcﬁes Mé¥e dHarcHoy igke lads rooqmltlme gm@dutatprcdnmxwt e.
step, the pol yner coated cr%;tal suspen5|on was added dropw se to of 60

pol yvi nyl al GHHAT wiBT29R t R4 etfe Fét@%ameﬁﬁQ¥%ﬁﬂ9MlgﬁF%MS

m xed and wherein said formulatlon is characterized by at
least a 60 fold greater shelf life when stored at 50 °C
than the soluble form of said protein in solution at 50

25 °C, as measured by T,,,.

In order that this invention may be better
understood, the following examples are set forth.
These examples are for the purpose of illustration only
and are not to be construed as limiting the scope of

30 the invention in any manner.



In step two, the first PVA solution 10 containing the nascent m crospheres
was rapidly poured into 2.9 liters of cold (9C) distilled water. This final
bath was m xed gently at 9C for 1 hr with the surface of the solution under
nitrogen. After 1 hr, the mcrospheres were filtered using 0.22 ,umfilter
and 15 washed with 3 liters of distilled water containing Olo Tween 20 to
reduce aggl oneration. Exanple 49 Productiqg of Encapsul ated Crystals
Encapsul at ed mi crospheres of Pseudornonas o ‘cepacia |ipase are prepared by
phase separation techniques. The crystalline LPS prepared in Exanple 43 is
encapsul ated in polylactic-co-glycolic aggg g"PLGA") usi ng a doubl e
emul sion nethod. A 700 ng aliquot of p?% h érystals isinjected in
met hyl ene chl opkgep 26 tontai ni,ngaBEGA (0.6 g PLG¥ m solvent; 10 m ). The
m xture i s honogeni zed for 30 sec at 3,000 rpm using_a honogenizer with a
microfine tip. The resul $2R3idacpuAgsanlibaseagEystaddiza@tdonirred t ank
(900 m) containing 6~ g@%y £¥£9¥L al cohol) ("PVA") and 30 net hyl ene
chloride (9.5 nm). The so GETon I's mxed at 1,000 rpmfor 1 mn. The
m crospheres in the PVA - 121 sghdibenragesar eebRiskaiRgddy | mrersion in
distilled water, washed and filtered. The m crospheres are then washed wth
distilled water containing 0.B~— Theéhtet powdducédaggbmitrateiagrthand dri ed
with nitrogen for 2 days 5 at_ 9 C._Exanple 50 A, Protein Content of
M crospheres The total proteith cHERnt 2N etREI P cfo5ERERBSIERdPar ed i n
Exanpl e 98 was neasured. Triplica S o f the PLGA PVA
m cr ospheres were incubated ﬁ% 1 %ﬁgég?un?%%%?%x%gé§ﬁ??ﬁgnﬁxgng for 48 hrs.
The protein content was then estimnsiedi gsingaBeadford's nethod (M M
Bradford, Analytical Biochem stry, vol. 72, page 298-254 (7.976) ) and a 15
commerci al 1§ avail abl e KRrofedun® oRad Laboratories (Hercules, CA). The
protein containing mcraospheres were conpared to PLGA m crospheres w thout
any crystals and is shoeé {lﬁ(gi'a%JrJeq‘i% ggbiépii? PPBEEF nWesnfeXeSof
E/I:rcr os|~her es mel%kaingOei kd *éPr@éB%t%(@daélAm&A@ﬁpngrﬁs@gog%gitgzgdggd

yst al sUncr ossl i nke al sUn] oaded PL crospheres ndi da_rugosa
Iipase3020Glﬂ%ﬁﬁ?%%ﬁﬂ%§%§%§%PemhﬁIW%*F%E?I%%%Z%E%EFE&SEOfP&ﬁ??%gﬁdonnnas

the lipase powder. After dissolution was complete, the

Sl

15 pH was adjusted to 4.8 using acetic acid. Next, the
solution was filtered to remove celite and undissolved
materials. Then, the filtrate was pumped through a 30k
cut-off hollow fiber to remove all the proteins that
were less than 30kD molecular weight. Distilled water

20 was added and the lipase filtrate was pumped through
the hollow fiber until the retentate conductivity was
equal to the conductivity of the distilled water. At
this point, the addition of distilled water was stopped
and Smm Ca-acetate buffer was added. Next, Ca-acetate

25 buffer was delivered by pumping through the hollow
fiber until the conductivity of the retentate was equal
to the conductivity of the Ca-acetate buffer. At that
point, addition of the buffer was stopped. The lipase
solution was concentrated to 30 mg/ml solution. The

30 crystallization was initiated by pumping MPD slowly
into the lipase solution while stirring. Addition of
MPD was continued until a 20% vol/vol of MPD was



cepac.ia (slurry)39 - 122 The activity per mlligramor specific
activity of selected sanples from Table 19 was determ ned and is shown in
Tabl e 15. Table 15. Specific Activity 5 10

Activity/ mgActivity/ ngM crospheresCrosslinked Crystal sUncrossiinked
Crystal sUnl oaded PLGA M crospheres00Candi da rugosa | i pase4l3Penicillin
acyl ase9. 63Li pase from Pseudononas cepacia (slurry)1414 Exanple 51 Protein
Rel ease from M crosbheres The rel ease of pPotein fromthe PLGA 15

m crospheres prepared in Exanpl e 48 was neasured by placing 50 ng of
protein encapsul ated PLGA m crospheres in mcrocentrifuge filtration tubes
cont ai ni ng 0. Zzaah&d | t gt Nestture60G aulstofrred ebee ddifierofphosphat e

buf fered sali QW 0 1 A S d .1 he

m cr ospheres %%"t ﬁteﬂqrtgltee taot-léé&g?éé%ogﬁ%e%afll J%Zeér{}[f}l T%%%u’g%gu%g%égi ncubat ed
at 37C to al | owyditedal weamen wakh et asiite atys buinzatfopriow £ferr ebeased with
time, sanples re.t n.at, di fqf i j Nt I T was
centrifuged atr\églggrg %l&% ftglre %o}ﬁ%%ﬂmaéﬂegﬁélt hj‘gg#l?l?r}%té;?%\%aggrf%hoved for
protein -5 1ZBenacttihg tor yartd sotwelr eprsotsiendachsur efveesls. The i cr ospheres
mere then resusnendad i Aneiee 600 Uertley el £33 uffer. A Total

Prot ei n Rel eas rom M crospheres
concentration of 42 mg/ml.

Example 2

Formulation of lipase crystals using sucrose

10 as excipient:

In order to enhance the stability of lipase
crystals during drying and storage the crystals were
formulated with excipients. In this example, lipase
crystals were formulated in the slurry form in the

15 presence of mother liquor before drying. Sucrose
(Sigma Chemical Co., St. Louis, MO) was added to lipase
crystals in mother liquor as an excipient. Sufficient
sucrose was added to lipase crystals at a protein
concentration of 20 mgs/ml in mother liquor (10 mM

20 sodium acetate buffer, pH 4.8 containing 10 mM Calcium
chloride and 20% MPD) to reach a final concentration of
10%. The resulting suspension was tumbled at room
temperature for 3 hr. After treatment with sucrose,
the crystals were separated from the liquid by

25 centrifugation as described in Example 6, method 4 or
5.

Example 3
Formulation of lipase crystals using
trehalose as excipient:

30 The lipase crystals were formulated as in

Example 2, by adding trehalose, instead of sucrose,



5 Table 16 shows that al nost 900 of the input protein was recovered in all
cases. In addition, the percentage of total Pseudonobnas cepacia |ipase

rel eased fromthe m croencapsul ated protein crystals was relatively
constant for approximately 5.7 days or until 10 nore than 800 of the input
protein had been released at a rate of 15.8~/day. This long rapid rel ease
was followed by eight days with a only 0.6s rel ease per day. In contrast,
Tabl e 16 further shows that 15 Candi da rugb%a |ipase crystals displayed the
opposite profile, displaying first a slow rel ease which was foll owed by a
rapid rel ease phase. In the first three days, about 100 of the protein was
rel eased with &iged | ehesiepk 6. 2. ab/dh9UlSﬁoMpdayt9 eofdagll4, 20 anot her
80g of the pr di o I f an

7881 day. The ol Cane Brert | os Shover i ROFABT M Rer o obPal R L 97C and
at pH 7. 4. ThessrRnaion|was rturbiedtat heoencipypeaesdrpr vei Ashof ankl s

i nvention are it o) d e apeutic proteins.
Various rates o <fﬁgfﬁé§§c§% % ggﬁ?%%?ga E%bﬁaﬁ¥8upéhpgg ?ﬁe choi ce of
protein crystaenwiZiugpitioe a3 ydeatsibedossl EhRmpdgeot, t hetbegstabs, the
hydr ophobi ¢ angd hydrophilic characteristics of the encapsulating polymer,
the 30 nunber of encapsul ati ons, dose of m crospheres and other easily
control | abl e vari abl es. - 124 Table 16. Protein Rel ease From

M cr ospher es %kgﬁbl@e (hr)o I nput Pseudononas cepaci a Li pase Rel eased o

| nput Candi da"Tugosa I pase
ReleasedOOO182824156589ﬂ§ﬁ&&3&ﬂ2&ﬂ2&984Bﬁ§398583§96§@§0§§D§§86 B. Protein

Activity Rel eased From M cros~heres The blologlcal act|V|ty of the protein

15 rel eased with time wiReheedukenhe de héPhD) vasoexchrsentfor |ipase
m crospher.es. These results are sho n Tabl The  bi o] ogi activity
of the rel'dased protei nuLJaDs ss%oW?%bW%r?L??oHB% E‘??a‘f%‘s h@tif’he 20

m cr ospheres p@ﬂysﬁhymuhdeﬂxiﬁﬁainﬂwa@emra&ef@llahe.punméa&fystaEBpent
gf;ls\é: ;ycgrelr g?i&egﬁi cal Ct eaxt e.Ldiqbuagredatorb(B hnelg Ig?uﬂérgfsleg tgcﬁ O% £ n
the mother liquor by centrifugation at 1000 rpm in a
Beckman GS-6R bench top centrifuge equipped with
15 swinging bucket rotor. Next, the crystals were
suspended in 0.1% polyethylene oxide for 3 hrs (Sigma
Chemical Co., St. Louis, MQO) and then separated by
centrifugation, as described in Example 6, method 4 or

5.

20 Example 5

Formulation of lipase crystals using
methoxvpolyethyvlene glvcol (MOPEG) as excipient:
Lipase crystals were formulated as in Example
2, by adding 10% methoxypoly ethylene glycol, instead
25 of sucrose, (final concentration) (Sigma Chemical Co.,
sSt. Loﬁis, MO) in mother liquor and separating after 3

hrs by centrifugation, as in Example 6, method 4 or 5.



- 125 wth the total protein released (conpare Table 16 and Table 17). The
two different crystal |ipases released essentially 1000 active protein.
Even after 7 days of inmmersion at 37C, the protein that was rel eased from5
the m crospheres was fully active. Table 17. ActiVity of Released Protein
10 15 Time (hr)o I nput Pseudonobnas cepaci a Lipase Activity Rel eased~ | nput
Candi da Rugosa |ipase Activity

Rel eased000182824156589751013782222108434284854730686703308786 The activity
measurenents set forth above were nmade using the olive oil assay descri bed
in Exanple 8. 20 Exant~le 52 M croscopi ¢c Exam nati on of PLGA M crospheres
In order to viBkambze @hether the crystals were intact after encapsul ation
PLGA m crospheres prepared according to Exanpl e 48 were exam ned under an
25 O ynpus BX60 mi cr oscoietkeds paédduiinapgcvaeipfermplasionsi deo Canera
wi th Canera Adapter (CVA D2 it{h 126__ 1 mage ProPl us_software. Sanples
of dry microspheres mereMﬁﬁégggﬁ'mﬂt i TR BT Leppek 2L
exam ned under 10X jficatio ' h CrosCco h,an
O ympus UPLAN FL oby ook vst | nebEoiB5P8. 38 BrDoRsat’ contr ad: L0 Ao
crystals webe readivgreisepdrzeedahdomheher pethersiliaudet epntagding

M crosphere and cry LZES, We - 1 uskn Pt of tware from
A ynpus and 0.5-150é%§4%$§%§gb%e%§%gg%gé?éggggyékhgoggﬁgﬁgcﬁﬁrgr. The si ze
of the 10 outer PL@erknansphetRsbenashdeopr aentdifagewetihippefiowithe

Candi aa Tugosa enceiearat s SoERRE REPREaue TE e P adn Ok B BRNC 1 °G 2o

was Disposable centrifuge tube (Polypropylene). The

DR EC

10 crystals were then dried by passing a stream of
nitrogen at approximately 10 psi pressure into the

tube overnight.

Method 2. Vacuum Qven Drvying

Crystals as prepared in Examples 1, 10, 14 and 21
15 were first separated from the mother

liquor/excipient solution using centrifugation at

1000 rpm in a Beckman GS-6R bench top centrifuge

equipped with swinging bucket rotor in a 50 ml

Fisher brand Disposable polypropylene centrifuge
20 tube. The wet crystals were then placed in a

vacuum oven at 25 in Hg (VWR Scientific Products)

at room temperature and dried for at least 12

hours.
Method 3. Lyophilization
25 Crystals as prepared in Examples 1, 10, 14 and 21

were first separated from the mother
liquor/excipient solution using centrifugation at
1000 rpm in a Beckman GS-6R bench top centrifuge
equipped with swiﬁging bucket rotor in a 50 ml

30 Fisher brand Disposable polypropylene centrifuge
tube. The wet crystals were then freeze dried

using a Virtis Lyophilizer Model 24 in



15 approximately 25 ~m and the m crospheres were approximately 90 Vim The
magni fi cation was 250X. Figure 18 depicts uncrosslinked enzyne crystals of
| i pase from Candi da rugosa encapsul ated by the nmethod of Exanple 48. The
crystal size was 20 approximately 25 ~m and the m crospheres were
approximately 120 um The magnification was 250X. Figure 19 depicts
crosslinked enzyne crystals of Penicillin acylase from Escherichia col
encapsul ated by the nethod of Exanple 48.7%Fhe crystal 25 size was
approximately 25 ~m and the m crospheres were approximately 70 Vim The
magni fication was 250X. Figure 20 depicts uncrosslinked enzyme crystal s of
Penicillin acyl ase SqmsmtRRerarecdcMialool i Trrc sl fattedninr atier erevhod of

B s ey o Al PO AR 4IAS AN O R, B BANE LIP ocep.

m crospheres were appro V'n1 The magni*fication wa
Fi gure 21 depicts @M%Iﬁemmaé:mma@r ystlal Sogf 1fl doose dedas@afyom

Aspergillus niger gggqgiuh%tegﬁgﬁtEg§rq%%h§%ho%c§x§HHI BTﬁF crystal

size ranged fromO to™1l um he mcro eres were apprOX|nater 50

Vim The magnificati on weeh200X.. Birgahe c22cdeRindt SndNeiosshiwkesd enzynme

crystals of glucose oxidase from Aspergillus niger encapsul ated by the
met hod of Exanpl e 48ysThdscrysbpakeprsired rangedmples Q.5 1 11 4mmahd21 he

m crospheres were PRI I Vi T flcatlon was 500X
Figure 23 depicts k%c%ogs nke%ﬁgﬁ?§%g g?kgkgﬁsn%%Q pase from Pseudononas

cepaci a, encapsul atle@tuag/&xsllpneytl ﬁotlhemnt ke nii q&@rtrhyfugras:m heod of

Exanpl e 48. The cr I 15, appr t m an
m cr ospheres were g%%?ox? ?e 8c5mgg gﬁe%%agnl %C§P %&ﬁ?%ﬁﬁg? Fi gure
24 deplctéOuncrossbanpdeénwth ewysgahg bhckepasetbmommPseuﬂbmmnas

ia. Th tal .Si I Ihe 20 f t
et 000X, Bxampt o TA8RBf P LPReREFaEE TRE PoryBEEbR BRo AR (he PLGA

m crospheres is neagbeed Bhepkayshgl50waygeothPhGaudpemderosipheres i n

21 quot of rel sase EUPTAE IO RREHERRR S5rAdoY BEo3ehbE Y g Tveen,
0. 020 azide) is adQEHYﬂoasangadorhethecresphebés enlviemtrsgt ent at e si de of
the f1itens The 30ckybes apeqseghedsubbbndetficviak AEOARYH UM Gavered by

parafiln1 he microspheres-aré en |
dried at room temperature in the fume hood for two

days.

Method 5. Air Drvinag at Room Temperature
Crystals as prepared in Examples 1, 10, 14 and 21
20 were separated from the mother liquor containing
excipient by centrifugation at 1000 rpm in a
Beckman GS-6R bench top centrifuge equipped with
swinging bucket rotor in a 50 ml Fisher brand
Disposable centrifuge tube (Polypropylene).
25 Subsequently, the crystals were allowed to air dry

in the fume hood for two days.



- 128 Sanples are taken over tine by centrifugation (13,000 rpm 1 mn) of
the tubes. The filtrate is renoved and the m crospheres are resuspended
with 600 ul of the release buffer. The quality of the released proteinis 5
assayed by SEC-HPLC and enzymatic activity. The shape and size of the
protein crystals may be chosen to adjust the rate of dissolution or other
properties of the protein crystal fornulations of this invention. 10
Exam ~l e 54 Encapsul ati on of Lipase Crystals -Usina a Bi ol ogi cal Pol yner

Bi ol ogi cal polynmers are al so useful for encapsulating protein crystals. The
present exanple 15 denonstrates encapsul ati on of crosslinked and
uncrossl i nked Exgmpbaeés7of Candi da rugosa |i pase crystals. The uncrosslinked
and crosslinked crystals_were prepared as descrlbed in Exanple 1 and 45.
Anti bodi es and chemi cal sSQeRRleyttRa B4 Lgparagiony Preparation of
coated crystals A soluti f bo epym.al "BSA") at 10
nmg/ M was prepared, in SPg p%%%%ﬁf%%gbu$f¥éﬂ Fus ed %%qh }gpﬁgxt 15 m
of a 10 mg/ m @msgensp@ne@fbﬁh@dsd@lVU@@shlpapaserysyaﬂal$ow@§ m@/pﬂepared

Sl ot on vad_onal EoRREs HYSE ST oF et B hd-two sol Ui ons were i xed

thoroughly. The crystal spyghige i NCsIRGNEMthe &PebBBALL 030 5B RpWet h sl ow
m xi ng using an, orbital shaker. 30 Follow ng the incubation with BSA, the

crystals were +iP2399  $RSEHI B A it CBYIQAESRARESI PEFAEMSAY TREIGlyed

crystals were yesuspanded wiclhik fers wdheyt ehduspBcifhe aeystak were
washed with buffer until _no protein_ could be etected in the was

measur ed by alfiFIRARES 5LERD SRR bréohtmot e/ MEBLLY REgtein. §92. aipﬁet
crystals wege TEEqwesBsk i W‘%ﬁ?%f'i&gﬁi&%QBx1ﬁaQeD§B§Ct' on of the
e

Al bum n Coat The coated crystals were eval uat Western blotting to
confirmthe priRrREof tHe alpufaF ISR fb%iﬂq i RS wedhF bR tedated
protein crystaes Were ndeebated in 100 mv NaOH over ni ght to di ssolve the

m crospheres into the constituent proteins. The sanples were neutralized,
filtered and anal yzed by SDS- PACGE i mmunobl ot according to Sanbrook et al.
15 "Mol ecul ar EloipIg:8 A Laboratory Manual *, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NEM/Ybrk (1989) ) The results of SDS- PAGE

i mrunobl ot of both al burg A 3 it P dr undr bspdsaked cryst al

15 activity:
Lipase crystals from Examples 1~7 were
\ assessed for activity against olive oil in pH 7.7
buffer. The assay was carried out titrimetrically
using slight modifications to the procedure described
20 in Pharmaceutical Enzymes - Properties and Assay
Methods, R. Ruyssen and A. Lauwers, (Eds.), Scientific

Publishing Company, Ghent, Belgium (1978).
Reagents:
1. Olive o0il emulsion:

25 16.5 gm of gum arabic (Sigma) was dissolved in 180
ml of water, 20 ml of olive 0il (Sigma) and
emulsified using a Quick Prep mixer for 3 minutes.
2. Titrant : 0.05 M NaOH
3. Solution A: 3.0 M NaCl

30 4., Solution B: 75 mM CaCl,.Z2H,0



20 m crospheres of Candi da rugosa |ipase reveal ed a single inmunoreactive
speci es having the sane nol ecul ar wei ght as al bum n. Sanples of the al bumn
coat ed crosslinked and uncrosslinked crystal m crospheres of Candi da rugosa
25 lipase were incubated with a fluorescene-| abel ed anti-BSA anti bodi es

whi ch specifically recognize and bind to bovine serum al bum n. Next, excess
anti body was renoved thorough washing with phosphate buffer. M croscopic
exam nation of these fluorescently | abeT ed430 al bumi n coat ed crystal

m crospheres under a fluorscent mcroscope reveal ed specific

fl uorescene-| abeling of the m crospheres. Uncoated |ipase crystals were

used - 130 as cont MoK afl FHe®d SRIWEd o Aspas GRULInRA Myt tdE 2Ge

anti body. Wiile wephaye bengtabef er endes®o bhad & nyober of enbodi ments of
this invention, it is apparent that 5 our basic constructions can be

altered to provi de6ot hebseAbbdmient s which utilize the processes and
conpositions of this invention. Therefore, it wll|l be appreciated that the

scope of this invehti ohlPaSgoSBESEERTERed By HiRe clISaint pbeded®her et o
rather thap by 10 }tabe?ﬁpeai E';yqaaa@ﬁqi BBNkY WH G ikay & heamprasant ed
é

her ei nbefore by way of exanpl é. 131 Clainms 1. A fornul ati on conpri sing:
a) a batch-pr ocessZEobPB%‘éPnlér y8t AP, mih ettt %s dis® 1prdtad )5 angd def ect ed

fromthe group congisteng. 9¢. ahydhohasesiultipases,. bacterial proteins and
human growt h hornone; and b) an excipient, wherein said excipient and said

protein crystal are in a ratio between 0.01:99.99 and 30: 70 (WV1~;, wherein
said formul ation has atpateast pac88dhiekd greater shelf life 10 when stored

at 40 C and 75% hum dity than a nonformnul ated formof said protein crystal
when stored at 40 C andTh&% hpatdi sybshsateasoieadiby tls@lution 7)

10 was warmed to 37°C in a water bath. First, 20 ml of
substrate was added to a reaction vessel and the pH was
adjusted to 7.7 using 0.05 M NaOH (solution 2) and
equilibrated to 37°C with stirring. The reaction was
initiated by adding enzyme. The reaction progress was

15 monitored by titrating the mixture of enzyme and
substrate with 0.05 M NaOH to maintain the pH at 7.7.

The specific activity (umoles/min/mg protein)
was equal to the initial rate x 1000 x concentration of
the titrant/the amount of enzyme. The zero point was

20 determined by running the reaction without enzyme,

i.e., using buffer in the place of enzyme in the

reaction mixture.

Example 9
Activity:

25 The shelf activity of the dried crystals from
Examples 1-5 was measured using the olive o0il assay as
described in Example 8. Dried crystals (5 mg) were
dissolved in 1 ml of phosphate buffered saline ("PBS"),
pH 7.4 and the activity was measured using olive oil as

30 substrate.



time required for the specific activity of the protein to decrease by 50%
(T"2). 2. Aformulation conprising: 15 a) a batch-processed protein
crystal, wherein said protein is selected fromthe group consisting of:
hydr ol ases, |ipases, bacterial proteins and human growth hornone; and b) an
exci pient, wherein said excipient and said protein crystal are in a ratio
bet ween 0.01:99.99 and 30: 70 (WV~; 20 wherein said fornul ati on has at

| east a 60% greater shelf |ife when stored’at-50 C than a nonfornul at ed
formof said protein crystal when 132 stored at 50 C, as neasured by the
time required for the specific activity of the protein to decrease by 50%
(T"2). 3. Afornulation 28&bEi 8LABRLLELYY a batch-processed protein crystal,

wherein said protein is Iec e r t r con istin hydr ol ases,

| i pases, bacteri al prote? %agﬁ ﬁ§%£ E%&gh ?ﬁ%ﬁ 05H898§Eéﬁ Cexci pi ent ,
wherein said eknpisenfoamdlsaldnsrﬁremnExampnab aré wasacaatuedbeMWBen

0. 01:99.99 and. 30: 7 0 wherein,_sa on.loses less than
20% a- hel i cal %Qr%éQ%é%?V%%n?%ﬁ?b%¥ Fﬂﬁtﬁnggﬁn gugg §?8?gb¥ for 4 days at
50 C, wherebn irmmﬂuﬂuy cafidr a0 tipck yartotres N(HQRFECKIDr € THenn ot ofyits

a- hel i cal strqﬁé r.a conten%aafter stora 6_hour measur ed

S 50 C _a
by fourier tra ?n?¥#?5? &I R52545 § b¥hgl?ﬁ?#ﬂf9?lBnmgcggrgpﬁg to
any one of cl amsed,s@npres, inhEBgilbusacd, rati 0. 6f saaduexngpthret to said
protein CryStmcEf%f%§m§§nthe olive o0il assay and then comparing with

the initial results.

10 Crystal Formulations Dried by Method 5
Figure 3 shows the shelf stability profile of
lipase crystals formulated with sucrose, trehalose and
PEO. When dried by method 5, PEO was the most
protective excipient, followed by sucrose and then
15 trehalose.

Crystal Formulations Dried by Method 4
Figure 4 shows the shelf stability profile of
lipase crystals formulated with sucrose, trehalose, PEO
and MOPEG. When dried by method 4, the excipients PEO,
20 sucrose and MOPEG were similar in their ability to
preserve enzyme activity as measured by their effect on
the T,,,. Trehalose was less protective of lipase

activity than the other excipients.

Shelf Stability
25 The time required for the specific activity
of the enzyme to decrease by 50% is known as the T,,,.
Table 2 shows the effect on the T,,, of the specific

activity for formulations of dried lipase crystals.

For lipase, sucrose was the most protective excipient,
30 followed by polyethylene oxide (PEO), methoxypoly
ethylene glycol (MOPEG) and finally trehalose. Sucrose



0.1:99.9 and 10:90 (W V~.
wherein said ratio of said excipient to said protein crysta

1: 99 and 10:90 (W V~. 133 6. The formul ati on according to according to

5. The fornul ation according to claim4, 20
I s between

any one of clainms 1, 2 or 3, wherein said |lipase is Candida rugosa |i pase.
7. The fornulation according to any one of claims 1, 5 2 or 3, wherein said

| i pase i s Pseudononas cepaci a | i pase.

according to any one of clainms 1, 2 or 37 wherein said hydrol ase i's

penicillin acyl ase.
protein crystal,

exci pl ent,

| east a 59 fold greater she
than a nonfornmul ated formof said protein crystal

8. The fornulatlon according to

wherein said protein is an oxidase enzyne; and b) an
wW@seMRI&aitdasy di pitede BRYes Bir® HHStidien (f*rsyépt%sud?%j |khy aratio

bet ween 0.0lng Q9 rapd 34: %? (Mtlg@eé5fm@eé@tmvaayd formul ati on has at
' life when stored at 40 C and 75% hum dity

when stored at 40 C and

10 9. A fornulation conprising: a) a batch-processed

75% hum dity, as neasupgé by tLh%atslernatr amgtrgﬂdfosqthamw@eyflc activity of
the protein to decrease by 50% (T 10. A fornulation conprising: a) a

and 5

10

bat ch- procesded protein crytisdd Mhpgss ICsastthlpsotein is an ox
Excipients T.,» (days)
none 1.52
Sucrose 1092
Trehalose 90
PEO 835
MOPEG 434
Soluble lipase 0.0468 (1.124 hrs)

15

20

25

30

The T,,, was calculated from the shelf life
data by non-linear regression analysis using the Sigma
Plot program. Table 2 shows that formulations of
lipase were 1,923 fold more stable than soluble when
PEQO was used as the excipient. 1In addition,
formulations of lipase were 23,300 fold more stable
than soluble lipase when sucrose was used as the
(Table 2).
as excipients with lipase crystals were 9,270 and

17,800 fold more stable than soluble lipase (Table 2).

excipient Formulations using MOPEG and PEO

The stability of the formulated crystals
relative to the non-formulated crystals was greatly
enhanced, as shown in Table 2. For example, crystals
formulated with trehalose were 59 fold more stable than
non-formulated lipase crystals made without an
excipient at 40 °C, as shown in Table 2. Similarly,
crystals formulated with MOPEG were 286 fold more
stable than non-formulated crystals and crystals
formulated with PEO were 549 fold more stable than non-
formulated lipase crystals made without an excipient at
40 °c,

formulated with sucrose were 718 fold more stable than

as shown in Table 2. Finally, crystals

| dase enzyne;



134 b) an excipient, wherein said excipient and said protein crystal are in
a ratio between 0.01:99.99 and 30: 70 (WVIn; wherein said fornul ati on has
at least a 60% greater shelf life when stored at 50 C than a nonfornul at ed
formof said protein crystal when 5 stored at 50 C, as neasured by the tine
required for the specific activity of the protein to decrease by 50% (T"2).
11. A fornulation conprising: a) a batch-processed protein crystal, wherein
said protein is an 10 oxi dase enzyne; and'Bb'an exci pient, wherein $said
excipient and said protein crystal are in a ratio between 0.01:99.99 and
30: 70 (W 111n; wherein said fornmulation | oses | ess than 20% a- hel i cal

struct ural conﬂ@ﬁrf@FmPhétﬁﬁoﬂépﬁséf€§V5§ﬁé§a@édﬁowllh@&¢sa@t 50 C) wherein
a soluble formlg;gfeagi depnot et N L9SE5cHR Enthan120% of its a-helica
structural content after storage for 6 hours at 50 C, as neasured by
fourier transforminfrared (FTIR). 12. The fornul ati on according to any one
of clains 9, 10 or 11, whgteginrsalgntahlo of said excipient to said protein
crystal is 20 between 0.T:799.9 and 10:90 (WUl~. 13. The fornul ation
according to claim 12, Mdsétmheremﬁtéﬁtdwaatdetefmsaed ByCipeerarlio said
protein crystal.is betme % 10: 90 évvvu 14. The fornul ation
according t aE%%?H?ﬁgm?Bh% a%%%r 19 EPaPARUEACEPTEE ' §1 1nRhEFEIA O8I d

oxi dase enZynEu$§n@|HCM5ESQBLQH§GCA—06 Moisture Meter equipped with a
VA-06 Vaporizer (Mitsubishi Chemical Corporation,

Tokyo, Japan).

Table 3. Moisture content livase crystal formulations

10 TIME, DAYS % Moilsture
SUCROSE |TREBHALOSE PEO MOPEG
0 T 7.23 5.58 8.56 7.03
129 11.11 10.45 10.43 10.01

Crystallinity:

The crystal integrity of the formulations

''15 were measured by quantitative microscopic observations.
In order to visualize whether the crystals were
maintained their shape after drying, the dried crystals
were examined under an Olympus BX60 microscope equipped
with DXC-970MD 3CCD Color Video Camera with Camera

20 Adapter (CMA D2) with Image ProPlus software. Samples

of dried crystals were covered with a glass coverslip,
mounted and examined under 10X magnification, using an
Olympus microscope with an Olympus UPLAN Fl objective
lens 10X/0.30 PH1 (phase contrast).

25 In this analysis, the crystals originally
formulated with sucrose, trehalose, PEO and MOPEG were
readily visualized after 129 days at 40 °C and 75%
humidity. Figure 5 shows that crystals formulated with

PEO were present at the initial time. A similar



15. A fornulation conprising: a) a batch-processed protein crystal, wherein
said protein is human serum al bum n; and 10 b) an excipient, wherein said
exci pient and said protein crystal are in a ratio between 0.01:99.99 and
30: 70 (WV~; wherein said fornulation has at |least a 59 fold greater shelf
life when stored at 40 C and 75% hum dity than a nonfornulated formof said
protein crystal when stored at 40 C and 75% hum dity, as neasured by the 15
tinme required for the specific activity 88 rhe protein to decrease by 50%
(T"2). 16. A fornulation conprising: a) a batch-processed protein crystal,
wherein said protein is human serum al bum n; and 20 b) an excipient, '
wher ei n sai dMéREPECORE CaRPseaVa tiom diakalt ysdAldaye 1ater rand oshevieen

0.01: 99. 99 and 3970 e( W Menonst3h reheraidy sai gk §0r il oty opahas at | east a

60% greater shelf "life when stored at 50 C than a nonfornul ated form of
sai d prot ei nMeApEpANCAhERTstoLe @D B0 IGMaPeieledr e Byl tave daw@ required
for the specibisCoBehikehy ol LG REalei M bty ARULASR DY RABLd, 2) - S 17. A

formul ation conprising: a) a baftch-processed protein crystal, wherein said
protein i § hMARRARGsardmtaebasdcre dd@t®) ot ahdvsilent, wherein said excipi ent
and said protein crystal are

Secondary _structure characterization bv FTIR:

The fourier transform infrared ("FTIR")
spectra were collected on a Nicolet model 550 Magna
series spectrometer as described by Dong et al. [Dong,

10 A., Caughey, B., Caughey, W.S., Bhat, K.S. and Coe,
J.E. Biochemistry, 1892; 31:9364-9370; Dong, A.
Prestrelski, S.J., Allison, S.D. and Carpenter, J.F.
J.Pharm. Sci., 1995; 84: 415-424.] For the solid
samples, 1 to 2 mg of the protein was lightly ground

15 with 350 mg of KBr powder and filled into small cups
used for diffuse reflectance accessory. The spectra
were collected and then processed using Grams 32 from
Galactic software for the determination of relative
areas of the individual components of secondary

20 structure using second derivative and curve-fitting

program under amide I region (1600-1700 cm).

For comparison, a soluble lipase sample was
prepared by dissolving lipase crystals in phosphate
buffered saline and analyzed for stability by FTIR.

25 Secondary structure was determined as
follows: FTIR spectra were collected on a Nicolet model
550 Magna series spectrometer. A 1 ml sample of
soluble lipase was placed on a Zinc selenide crystal of
ARK ESP. The spectra were collected at initial (0)

30 time and after the loss of most of the activity or,

near-zero activity. The acquired data was then



10 in a ratio between 0.01:99.99 and 30: 70 (WV1~; wherein said fornulation
| oses | ess than 20% a-helical structural content of the protein after
storage for 4 days at 50 C, wherein a soluble formof said protein | oses
nore than 50% of its a-helical structural content after storage for 6 hours
at 50 C, as neasured by fourier transforminfrared (FTIR). 15 18. The
formul ati on according to any one of clains 15, 16 or 17, wherein said ratio
of said excipient to said protein crystal 7Ps-between 0.1:99.9 and 10: 90
(WV~. 20 19. The fornul ation according to claim 18, wherein said ratio of
said excipient to said protein crystal is between 1:99 and 10:90 (WWVI n.
137 20. A f or rprloateisse dc orspmics iGigimsa )3 2a sedttotepr dtewsesh ot e n crystal ,
wherein said RS d SN HZYIR e SAEd] 1M 106, or oI, COnST SET g, Of -

i sonerases, |yases, |ligases, a enflate cycl ases, transterases and

oxi dor educt asdadizidus b coapomenitisi et sadvardsiny setithaxer pientnand said

protein crystal I I (1:.99. 7 V1=; erein
sai d fornulat%gﬁ%ﬁgsd%fawggg?%agégwﬁgﬁagb3é§$%f&§ﬁ%ﬁgﬁﬁg¥68%%%% S %?%g at
40 C and 75% Humediicy t(A&Q 0z 1AGRF emilll.at ed form of said protein crystal
when stored at 40 C and 75% hum dity, as neasured by the 10 tine required
for the specific activity of the protein to decrease by 50% (T"2). 21. A
formul ati on conprising: a) a batch-processed protein crystal, wherein said
protein is an enzyne selected fromthe group consisting of: isonerases,

| yases, |i gases,



15 adenyl ate cycl ases, transferases and oxi doreductases; and b) an

exci pient, wherein said excipient and said protein crystal are in a ratio
bet ween 0.01:99.99 and 30: 70 (WV~; wherein said forrmulation has at |east a
60% greater shelf |ife when stored at 50 C than a nonfornmul ated form of
said protein crystal when 20 stored at 50 C, as neasured by the tine .
required for the specific activity of the protein to decrease by 50% (T"2).
138 22. A formnulation conprising: a) a-ba@h-processed protein crystal,
wherein said protein is an enzyne selected fromthe group consisting of:

i sonerases, |yases, |igases, adenylate cycl ases, transferases and

oxi doreduct ases; and 5 b) an excipient, wherein said excipient and said
protein crystal are in a ratio between 0.01:99.99 and 30: 70 (W V1~; wherein

said formul ati on | oseBabbkessdt hnip2686 athébF@aén@tTﬂ%tmmidng@t ent of the

protein after ——56—G; ‘“ﬂre'fna tende form-of—said
protein | oses| mgg than| 30%Of; i | sﬂ%hlgglclé cal St qn entREg,fdggr 10
storage for 6[HoLSeat PO GE 66 [TEASGLECHs DY T OUf=_T [rdllglﬁ R RS

(FTIR). 23. Tpeidagenul ati on accofding to apy one of |clainms 20} 21 or

wherein sajd fatiQ.pf spid excipjent to sajd proteir crystal |s betweq
0.1:99.9 and [1giR0 (WV|n. 15 24, The fornmul ation adqcording tp claim
wherein sai d fafde@ ®f SpAl 0168XT4 PJ €Nt 16015a| d PIOGeI ] CTYyslad | S J0CL e

1: 99 and days at
40¢C

10 Lipase - 19.46 49.94 0.00 30.60 0.00
Sucrose

WIN D TO =

SW3S N

i1nitial
time
After 66 17.70 60.70 0.00 21.60 0.00
15 days at
40°C and
75%
Humidity
Lipase - - 23.30 52.33 0.00 23.17 1.20
20 Trehalose

initial
time
Atter 66 18.38 55.51 0.00 26.11 0.00
days at
25 40°C and
75%
Humidity
Lipase-PEO 23,22 48.33 0.00 24.53 3,92
initial
30 time
After 66 21.79 54.90 1.65 21.66 0.00
days at
40°C and
75%

35 Humidity
Lipase - 24.66 49 .37 0.00 19.20 6.77
MOPEG
initial
time
40 After 66 26.59 51.08 0.00 22.32 0.00
days at
40°C and
75%
Humidity




10: 90 (WV1~. 20 25. A formulation conprising: a) a batch-processed protein
crystal, wherein said protein is a therapeutic protein; and 139 b) an

exci pi ent, wherein
bet ween 0. 01: 99. 99

said excipient and said protein crystal are in aratio
and 30: 70 (WIM wherein said fornmulation has at |east a

59 fold greater shelf life when stored at 40 C and 75% hum dity than a

nonformul ated form
hum dity, as neasur

of said S protein crystal when stored at 40 C and 75%
ed by the tine requiredlfor the specific activity of the

protein to decrease by 50% (T"z) 26. A fornulation conprising: a) a
bat ch- processed protein crisﬁgl, wherein said protein is a 10 therapeutic

protein; and b) an

exci pi ein said excipient and said protein

crystal are in a ratio between 0.01:99.99 and 30: 70 (WV~;, wherein said
fornul ation has at |eastTaP5®of gfleetertafkl FOF i FR1WheR stB7e® at 50 C than

a nonfornulat@%ﬁgg

Hedt SBY ds @Y 0drek M STy Sh Al tben-18) 5% 0564 @tsRPeE, as

nmeasured by the tine required for the specific activity of the protein to

-~

decr ease by S5ERY{YF

Byre Gontenty AT at9oh LVRHrIRTRY: da¥sa bHteRe prdtessed

protein crystal cohedgdhdaid MOtEide | snacRd therapeusicrp@ei n; and b)
an excipient, wherein said excipient and said protein crystal are

struc

which
than

ture.

In contrast, Table 4 shows that crystals
were formulated and dried were much more stable

the soluble enzyme. Such crystals showed a loss

10 of o-helical structure which ranged from 6.1% to 21.1%

after

time,

66 days at 40 °C and 75% humidity. At the same

random coil in solution increased from 7-50% over

3 days, while crystallinity showed minimum random coil

content even after 66 days.

15

The data in Table 4, obtained using FTIR to

monitor changes in secondary structure, correlated with

the activity data shown in Figure 4. 1In particular,
lipase formulated with sucrose, PEO and MOPEG showed

significantly less loss of o-helical structure and

20 maintained a higher specific activity over the 66 day

time period at elevated temperature and humidity than

crystals formulated with trehalose, which showed a 21%

loss of a-helical structure and had the lowest activity

profile.

25 Example 10 HUMAN SERUM ALBUMIN

added

Crystallization of Human Serum Albumin

Ten grams of powdered human serum albumin was
to a 75 ml stirred solution of 100 mM phosphate

buffer (pH 5.5) at 4°C. Final protein concentration was
30 120 mg/ml, estimated from the OD,y, value of the



in a ratio between 0.01:99.99 and 30: 70 (WWV n; 140 wherein said

formul ation | oses | ess than 20% a-helical structural content of the protein
after storage for 4 days at 50 C, wherein a soluble formof said protein

| oses nore than 50% of its a-helical structural content after storage for 6
hours at 50 C, as neasured by fourier transforminfrared (FTIR). 5 28. The
formul ati on according to any one of clains 25, 26 or 27, wherein said ratio
of said excipient to said protein crysta82is between 0.1:99.9 and 10: 90
(WM n. 10 29. The formulation according to claim28, wherein said ratio of
said excipient to said protein crystal is between 1:99 and 10:90 (WV~. 30.
The fornul at FoAuséesdrdi R§red, anysahurated ammen2sm sR1Zgter sTAUNNRE ein

sai d therapeyyig gresei Eré§a§@&e%eee&eaweaewgrceyp QARS i:3dP 1

anti bodi es, nerve growth hornones, bone nor phogeni ¢ hornones, fertility

hor rones, | etiRecpretaankepsuthpnt @@oﬁpé@ngull Fepcantirgéasn mfci ns,

i ntegrins) adbgshon PPl 6kl 8ary, 6L EGhI NSnekRl eEheUKYS b e gl
receptors, chenokines, growth ?actors rowt h factor "receptors, interferon
recept or s> |ﬁﬁ1l|ﬁ§gq>6bwﬁﬁn seogeq” cwthrgc@ét 8fs50pmggnlf adbomsn CD2, CD3,
Ch4, CDS, 1 1 c 3 14 CD19)
CE20, wzzCD%D%QPZ 5795 58:%)8 B?%@%Bgu%@é% atcgﬂézf’ % 8%40, 9p39,
CD44, CD45, cuysRalgDsere prepared by washing a sample of crystals

free of precipitate with a solution of 50% saturated
ammonium sulfate in 100 mM phosphate buffer at pH 5.5.
10 The seeded crystallization solution was incubated
overnight at 4°C on a vigorously rotating platform.
Crystals in the shape of rods (20 um) appeared in the

solution overnight after approximately 16 hr.

Example 11
15 Formulation of HSA crystals using gelatin as
excipient:

In order to enhance the stability of human
serum albumin (HSA) crystals during drying and storage
the crystals were formulated with excipients. 1In this

20 example, HSA crystals were formulated in the slurry
form in the presence of mother liquor before drying.
Gelatin (Sigma Chemical Co., St. Louis, MO) was added
to lipase crystals in mother liquor as an excipient.
Sufficient gelatin was added to lipase crystals at a

25 protein concentration 20 mgs/ml in mother liquor (2.5M
ammonium sulfate in 100mM phosphate buffer, pH 5.5) to
reach a final concentration of 10%. The resulting
suspension was tumbled at room temperature for 3 hr.
After treatment with gelatin, the crystals were

30 separated from the liquid by centrifugation as

described in Example 6, method 1.



141 CD58, CD69, CD72, CTLA-4, LFA-1) TCR, MHC class |, MHC class IIl, SlLex,
SLey, SLea, SLeb, VLA-1, VLA-2, VLA-3, VLA-4, VLA-5, VLA-6, LFA-1, Mc-1,
pl150, p95, L-selectin, P-selectin, E-selectin, VCAM1, |ICAM 1, |CAM 2,
LFA-3, I L-21, | L-2, | L-3, I L-4, I L-5 1 L-6, I L-7, | L-8, | L-10,
L-11, | L-12, | L-13, | L-14, | L-15, 51L-1 R IL-2R 1L-4R IL-5R [|L-6R
IL-7R, IL-8R, IL-10R 1L-11 R 1L-12R |1L-13R, IL-14R 1L-15R, PF4, RANTES,
M Pla, MCPl, NAP-2, G oa, Go0~3, |L-8, -TNRalpha, TGrbeta, TSH, VEGF VPF,
PTH P, EGF famly, EG-, PDGF fam |y, endothelin, gastrin releasing peptide
(GRP), TNFal phaR, RGFbetaR, TSHR, VEGFR/ VPFR, FGFR, EGFR, PTHr PR, PDGFR
fam ly, EPO-R GCSF-R DROviENaRf HERA-GQRyStBENYR |gE, FceR, FceR I,

conpl ement C3b, conpl enment CSa, conplenent C5b-9, Rh factor, fibrinogen,
fibrin and nyelin assocTheedSHr onyhtahhi Werer then, daiker iyl athieorfour

conpri si ng: Ploé‘sbéégg g§886§ﬁe€x8ﬁ§i§' B. Cri‘ﬁéal:r Sé'h%&%' le3 d protein
is a protein anf|gen an  excl wherern d“éxci'prent and said
protein crystaksperded anraeid bélGleati@ol B %%r@-’@@nﬂﬁ $§WL Ventwherei n
said fornu atg?nﬁggﬁogt 4qleast a 59 fold greater shelf |ife when stored at
20 40 C an Yohum dity than'a nonformul ated formof said protein crystal
when stored at 40 C and 75% hum dity, as neasured by the tinme required for
the specific activity of the protein to decrease by 50% (T"z). 142 32. A

formul ation cepppl$ings

Soluble human serum albumin preparation:

For comparison, the soluble HSA sample was
prepared by dissolving HSA crystals at 20mg/ml 1n

10 water.

Example 13

Shelf stability:
Shelf stability of HSA dried crystal
formulations were carried out in a waterbath at 50°C
15 temperature. The stability of the crystals was
monitored by following structural degradation by FTIR

analysis.

Moisture content:

Moisture content was determined by the Karl
20 Fischer method according to manufacturer's instructions
using a Mitsubishi CA-06 Moisture Meter equipped with a
VA-06 Vaporizer (Mitsubishi Chemical Corporation,

Tokyo, Japan).

Table 5. Moisture content HSA crvystals

$Moisture
25 TIME, DAYS Gelatin
0 5.0464

12 6.3841



a) a batch-processed protein crystal, wherein said protein is a protein
antigen; and 5 b) an excipient, wherein said excipient and said protein
crystal are in a ratio between 0.01:99.99 and 30: 70 (WV~; wherein said
formul ation has at | east a 60% greater shelf |ife when stored at 50 C than
a nonfornmul ated formof said protein crystal when stored at 50 C, as
nmeasured by the time required for the specific activity of the 10 proteln
to decrease by 50% (T"z). 33. A fornul ati8h conprising: a) a

bat ch- processed protein crystal, wherein said protein is a protein antigen
and 15 b) an excipient, wherein said excipient and said protein crystal are
inaratio between 0.01:99.99 and 30:70 (WV1~; wherein said fornulation

| oses I ess than 20%>awgy%§¥glfgﬁi£&yral content of the protein after

storage for 4 days at erern a soluble formof said protein Ioses

nore than 50% of its a-figl éﬁyiégILgﬁ&g n5§n£h fk8£%§?%§¥§§§9§a o 34

hours at 50 C) as neasured ourier t ans orminfrare
The for mul at @@ sagEsk divh@uan tbia ifee gileres pap3e, oBgevvaBBonaherein said

rati o of sai t; rot ei tal e Ny&al: 99.9 and
10: 90 (WV1~%E§>&?§@e r# rruggltelpoér)l acﬂé%@?igﬁtsoh?:wgl{r:n ?1 %her ein said

ratio of dai d:ré’)S(i'laﬁJSer‘l\tertQ) Is*aﬁcﬂl]p\r otied e ki 3ed almredbatekenaite@d and 10: 90
(WV1-~. preparing the formulation with gelatin. Figure 8 shows

that crystallinity was maintained after four days at 50
o
C.

Secondary structure characterization by FTIR:

10 The FTIR spectra were collected on a Nicolet
model 550 Magna series spectrometer as described by
Dong et al.[Dong, A., Caughey, B., Caughey, W.S., Bhat,
K.S. and Coe, J.E. Biochemistry, 1992; 31:9364-9370;
Dong, A. Prestrelski, S.J., Allison, S.D. and

15 Carpenter, J.F. J.Pharm. Sci., 1995; 84: 415-424]. For
the solid samples, 1 to 2 mg of the protein was lightly
ground with 350 mg of KBr powder and filled into small
cups used for diffuse reflectance accessory. The
spectra were collected and processed using Grams 32

20 from Galactic software for the determination of
relative areas of the individual components of
secondary structure using a second derivative and
curve-fitting program under amide I region (1600 -1700

cm™) .

25 For comparison, the soluble HSA sample was
prepared by dissolving HSA crystals in water and tested
for stability by FTIR. The secondary structure was

determined as in Example 9.



36. The formul ati on according to any one of clains 31, 10 32 or 33, wherein

said protein antigen is selected fromthe group consisting of: viral
surface proteins, viral structural proteins, viral enzynes, parasite
proteins, parasite glycoproteins, parasite enzynes, bacterial proteins,

tunor antigen
any one of cl

nol ecul ar wei
3,

S,

ains 1, 2,

ght.

al I ergens and toxins.

15 37. The fornulation according to

3, 9, 10, 11, 15, 16, 17, 20, 21, 22, 25, 26, 27,
31, 32 or 33, wherein said protein is gréater than 10,000 Daltons -in

38. The fornul ation according to any one of clains 1, 2,
9, 10, 11, 20 15, 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wherein

sai d excipient is skHkzksedl. f empidergrdtpucbnsestongent : oSUBEASeE,
trehal ose, | getitets ub!atfn, H4-4—Ryr -y pF-oPy h§gé;|%§nu+r.n
met hoxypol yet hy, | yico ol ylen col T rmul at { on
according to ré%;pﬁeﬁgv ﬁgf” H sée,‘_et;: SBQ%L%I’ - v g 21,
22, 25) 26, 21, %Sk, 32 |or §3, wHer efn 5 '3’e 4? glpolyﬁ%fﬂge ected
from one r uvflet h n_rgun —cdnsi-st =3nr1 nola Qf‘r\lLl fad y
(cyanoacrglai N R Ly |( gﬁlnzlaC|d§ 80I (§n§?drfde§§}oaoly .24
(depsi peptideY, “pol'y (gsters), doly (Iact c acid))| poly (ladtic-co-g|ycolic
aci d) or PLGQﬁnI \ {-- h\/r{r oxvhultrv and pg| y
(dioxanone) lﬁ th}Peﬁé clyé %5 bly 6 27.31 10.03
(hydroxX )2 g methac rlyl am de, |poly [(orjgano)phosjphazene], |poly (or}ho
esters), E inyl allcohql) goly (vinyl pyrrol| e muldfic
anhydri de- aI g AV|n%l dt heP - 88pdi yier82 ol ur OnP@ pol y8Rs83allbari-Bt
al gi nate, ce glos | I ul ose cerivativ s, collagen, fibrin, gelatipn,
hyal uroni ¢ apPdn oJJgn accharidegs, glycaninoglycans, sulfatdd
HSA crystals
15 HSA 49.08 24.77 0.00 26.15 0.00
-Gelatin
HSA 40,93 7.65 7.48 43.94 0.00
-Gelatin
After 12 -
20 days at
50°C
CONCLUSION:
Soluble HSA showed a rapid 78% decrease in o~
helical content after 1 hour in solution and a
25 corresponding increase in random coil structure.
Dry formulated crystals showed an
approximately 16% decrease in o-helical content, a
large decrease in B-sheet content and no increase in
the content of random structure.
30 Example 14 PENICILLIN ACYLASE
Crystallization of Penicillin Acvylase
An ammonium sulfate suspension of Penicillin
acylase from Boehringer Mannheim was the raw material.
The suspension of Penicillin acylase was diluted 1:3
35 with deionized water. This solution was concentrated



15 pol ysacchari des, blends and copol yners thereof. 40. The fornul ation
according to claim39, wherein said polyner is a biodegradable polyner. 20
41. The conposition according to claim 39, wherein said polyner is a

bi oconpati bl e pol yner. 145 42. A mcrosphere conprising the fornul ation
according to any one of clains 1, 2, 3, 9, 10, 11, 15, 16, 17, 20, 21, 22,
25, 26, 27, 31, 32 or 33. 43. A nethod of treating a manmal conprising the
step 5 of adm nistering to the mammual an ®6fective amount of the -
formul ati on according to any one of clains 1, 2, 3, 9, 10, 11, 15, 16, 17,
20, 21, 22, 25, 26, 27, 31, 32 or 33. 44. The method according to claim43,
wherein the fbyndiafidmnaidobOuadnynasBeéKetelpraneotive asélisetled from the
group consist r seHl intr nou p ry inhal ation
and parentera ggg tQE@ggn g% §p§r§§|§%léﬁmﬁb2§§d nghfogéggg%ne of clains
1, 2, 3, 9, leplmt;om5wa$6theﬂ d20pted, w22h A5M ReH.PJ,.H30Q, t32160 3P
wherein said f{orml at |on Is a 15 pharnaceutical controlled rel ease
formul ati on. @9“Tée pharnaceutlcal controlled release formul ation
according b0l @ m 45, ANBLEhAcsal ol ALaUaLE0D IS ahEl TuMALEdA R ane
adm ni stration by an oral nasal , ‘aural , ana

i ntravenous, NaHsRihEeQl o, y2®ldrarﬁamabrsalutlomrapacenbneahpnnuéosa

sublingual, sybgul;afeess Qfad BIQH AN Al 1PUes case, 280 ml of 1 M
NaH,PO,.H,0 was carefully overlaid on top of to the top
of 549 ml of 4 M NaH,P0O,.H,0. The enzyme solution was

10 poured gently into the side of the container to form a

layer above the 1 M layer. An overhead stirrer was set
up with a marine impeller. The agitator was placed
into the container with the blades just below the 4M/1M
interface. The speed was adjusted to a setting of 8.0,

15 or 600 rpm. The agitator was switched on and stopped
after 10 minutes. The impeller was removed from the
container. The volume of seed crystals was measured
with a graduated pipette using between 0.5 and 0.1% by
volume and added to the 20 L sterile polycarbonate

20 container. The seed was not allowed to be static for
more than 10 seconds before addition. The solution was
mixed by hand using a flat-blade impeller for about 1
minute. The crystallization mixture was allowed to

stand for 24 hours.

25 After 24 hours, the container was opened and
the solution was mixed by hand for 30 seconds. The
solution was allowed to sit for an additional 24 hours.
After a total of 48 hours, a 10 ml sample was taken of
the supernatant. The sample was filtered with a 0.2

30 micron Acrodisc. The A,genm ©f the supernatant was
measured. When supernatant A,gp.,, Was greater than 1.0
mg/ml, the crystallization was allowed to continue for

24 more hours. When the supernatant concentration was



146 47. A process for producing mcrospheres by encapsul ating protein
crystals while maintaining their crystallinity, conprising the steps of:
(a) suspending said protein crystals in a polymer dissolved in an organic
sol vent to produce coated protein crystals in a suspension; 5 (b)
transferring said suspension of coated protein crystals, polyner and
organi ¢ solvent to an aqueous solution containing an enulsifier; and (c)
har deni ng sai d pol ymer by evaporating thegprganic solvent in the presence
of said emulsifier to produce said mcrospheres. 10 48. A process for
produci ng m crospheres by encapsul ating protein crystals while maintaining
their crystal Ilie@Le,t )tha(hOlIDDi ﬁ{t;mmt, hehst @ps,..0bf E@ystaspendirny saidl protein
crystals in a ao veg&in an o%%%nlc .S0l vent to produce coated

protein cryst& ?e Ha§a§ﬁs SRECEHY YELEFSEFAREF S i ng sai d suspension of

coated protein crystals, polynmer and organic solvent to an aqueous
sol ution; andgéé¥£iﬁﬁégning sai d polymer by evaporating the organic sol vent

to produce said mcrospheres. .20 _49. The proce ccordlng to claim47 or
48, wherein said protei ASPSES ting of:

t her apeut i r ot ei ns, coprotein nz hor mones, .anti bodi es and
peptiges. % 247 g&%e ga51s o} tg %n%1V1ty assay fa

Penicillin acylase involves a titrimetric assay which
measures the enzymatic hydrolysis of benzyl penicillin
by the enzyme. The enzyme catalyzes cleavage of a
phenyl acetyl group from penicillin G thus causing a
10 decrease in pH. This activity was followed by

measuring the volume of 50 mM NaOH needed (to maintain
a pH of 8 at 28°C) per minute of reaction. The assay
uses a substrate buffer made with potassium chloride

and Tris and was reported in U/mg.

15 Penicillin acvlase assay:

Chemicals and solutions used in the assavy:

1. Penicillin-G, Sigma, Potassium salt

2. 0.05 N Sodium hydroxide

3. 1.0 M KC1, 20 mM Tris buffer, pH 8.0
20 4, 10 mM Tris, 10 mM CaCl, buffer, pH 8.0

5. 0.01 M PBS buffer, pH 7.5

Preparation of substrate solution

1 g of penicillin-G was added to 10 ml of
1.0 M KC1, 20 mM Tris buffer, pH 8.0 solution and about
25 70 ml of DI water, 1 ml of 10 mM Tris, 10 mM CaCl, Then
the pH of the solution was adjusted to 8.0 using 0.05 N
NaOH. Next, final solution volume was adjusted to 100



50. The process according to claim47 or 48, wherein said polynmer is a

bi odegradabl e polyner. 5 51. The process according to claim47 or 48,
wherein said polyner is a bioconpatible polyner. 52. The process accordi ng
to claim47 or 48, wherein said polymer is a copolyner. 10 53. The process
according to claim47 or 48, wherein said polynmer is selected fromone or
nore of the group consisting of: poly (acrylic acid), poly

(cyanoacryl ates), poly (am no acids), pol8s (-anhydrides), poly

(depsi peptide), poly (esters), poly (lactic acid), poly (lactic-co-glycolic
acid) or PLGA, poly (~ 15 hydroxybutryate), poly (caprolactone), poly

(di oxanone), mbly teéhybeneiohywss )prephyel( iydsaxperfopd eaehhaceyl am de,

poly [ (organo)phosphazen poly (ortho esters l.Ly _(vinyl alcohol)) poly
(vinyl pyrroli %e?geﬁaY%gé%naﬁﬁ%ﬁr?%@gilR Ip5F§9F%gP%@r copol ymers,

pl uronic polyols, albumn, alginate, cellulose, cellulose derivatives,

col lagen, fibrin, gelatin, hyaluronic acid, oligosaccharides, 20

gl ycam nogl ycans, sul f apesbaod tysaechfir Plesampl ends land ogopol yners thereof .

148 54. The process according to claimd47, wherein said emulsifier is
pol yvi nyl al cohol). 55.ATdemple®cessPactoitll hg doytbhaenwds, disepéivedsai d

emul sifier.is, a rfactant., .. The_proce according to,claim47 or 48,
wherein sa%d Ot g3 ?t:&)%]gf%ntplf ?’a%‘ or f%agtfﬂ/(/e tE e eggedgﬂ’om t he group
consi sti ng ofweiaglet onef protein were used for each assay.

Assav for hvdrolvsis of penicillin G

20 ml of penicillin acylase substrate
solution was added to a titration vessel and
10 equilibrated to 28 °C. After adding the enzyme solution
to the reactieon vessel, the hydrolysis of penicillin-G
was monitored by titrating the reaction mixture with
0.05 N NaCH to maintain the pH at 8.0.

Example 16

15 Formulation of PA crvstals using
hydroxypropyvl-f-cyclodextrin (HPCD)

as excipient:
In order to enhance the stability of PA

crystals during drying and storage, the crystals were
20 formulated with excipients. 1In this example, PA
crystals were formulated in the slurry form in the
presence of mother liquor before drying.
Hydroxypropyl-f-cyclodextrin (HPCD) (Sigma Chemical
Co., St. Louis, MO) was added to PA crystals in mother
25 1liquor as an excipient. Sufficient HPCD was added to
lipase crystals at a protein concentration 20 mgs/m in
mother liquor (1.9M NaH,PO,, pH 6.6), to reach a final
concentration of 10%. The resulting suspension was

tumbled at room temperature for 3 hr. After treatment



met hyl al cohol,

10 propanol,
tert-butyl al

crystals are

met hyl isobutyl ketone, ethanol, chloroform isopropanol,
acetonitrile, butanol, cycl ohexane, dioxane, ethyl acetate,
di met hyl f or mam de, di chl oroet hane, hexane, isooctane, nethylene chloride,

2

cohol, toluene, carbon tetrachl oride and conbi nati ons thereof.
57. The process according to claim47 or 48, wherein said protein 15

m crocrystals. 58. The process according to claim47 or 48,

wherein said protein crystals are crossti BRed. 20 59. The process according

to cl ai m58,

mul tifunctional crosslinking agent or a bifunctional crosslinking agent.
149 60. The pwatésdPa&Peotdiengrivstellas med® semrE tred dimbmmillite flumptidnal

crosslinking

gl ut ar al dehyde; succi nal dehy octane hyde "an
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. AF. A . A% AF.
3. A3. A A&(. A.

E. A" . ALN. A. AL_. A30. A3Z. £
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wherein said protein crystals are crosslinked with a
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10

15

20

liquor (1.9M NaH,P0O,, pH 6.6). The crystals were

separated by centrifugation as in Example 16.

Example 18

Drving PA

The PA crystals from Examples 15-17 were then
dried according to the methods 1, 3 or 4 of Example 6.
The organic solvent used for method 4 of Example 6 was

ethyl acetate.

Example 198

Soluble PA preparation:

As a standard of comparison, a sample of
soluble PA was prepared by dissolving PA crystals in

water at 20 mg/ml.

The stability of soluble PA was measured over
time and a plot specific activity at 55 °C versus time
is shown in Figure 9. PA enzyme activity in solution
decayed rapidly and was undetectable after

approximately 20 hours.

(9. A2. A
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Extended
Sample o- Helix | f-Sheets i-Turn coil Random
Soluble PA 37.74 33.53 11.57 17.16 0.00

Init. time
10 After 2 25.27 35.32 7.29 21.93 10.19
hrs at 55°C
After 9.29 50.66 0.00 26.77 13.28
24hrs at
55°C

15 PA —-dried .33.83 . 27.99 5.32 13.66 0.00
by lyoph.

init. time
After 22.53 18.9 17.03 18.42 23.12
43days at
20 55°C

PA - HPCD 35.9 36.96 0.00 27.14 0.00
dried by
lyoph.

init. time
25 After 19.05 16.77 23.11 16.65 24,42
43days at
55°C

PA -dried 25.73 34.93 6.68 28.73 3.93
by N2

30 init. time

no
excipient
After 11.88 34.73 10.22 30.07 13.10
43days at
35 |55°C

PA -HPCD 31.26 35.78 12.24 20.72 0.00
dried by
nitrogen

init. time
40 After 22.17 25.31 0.00 42,23 10.29
43days at
55°C
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exchange chromatography and then the crystallization

parameters were optimized (data not shown).

As a result of these studies, we found that

15 the conditions for crystallization of glucose oxidase
fall generally in the range of 7 to 17% PEG 4000 or
6000, 8 to 20% 2-propanol or ethanol and buffer to
adjust the pH to between 3 and 6. It should be
understood, however, that many sets of experimental

20 conditions within and near this range can produce
satisfactory results for the crystallization of glucose
oxidase and other glycoproteins. Those of skill in the
art will appreciate that the precise conditions which
efficiently produce crystals of the desired size and

25 quality, will vary due to differences in experimental
conditions, such as protein and reagent purity, rates
of stirring, shear force effects and carbohydrate

content.



10bb! <<m"109& ()- 10%0& ()-1- 109%9d& ()-S!'P- 10%& ()-S! -

109&' () - SMLOYIT&' () - XY5ZZ[ [ @ WU3M?1!

I>pf 109 () - ! Ht' 10965& () - ! HM' 109&' () -!V ni'10900& ()-!d ni'109& ()-![ m 109%&
()-@\~]]11]11\ rPL! I>ni109& ! 10%"& ()-f 10% & ()- 10rr 10rr

10rr! L3 110%r& ()-'L3 1109 T& ()-\""4_?" " <aawU3Pl!

16" & 10%"& ()-!@ 10% " & ()-!

& 10%"& ()-'1" & 10%"#" & ()-!D& 10% " & )34 ¢ 10% b{b&' ()-faRbsbcddddwi [ ML!
16" & 109" 10"" 10"" 10"" 11 ML "& ()- '@&MI0OW"& ()-

16& M 109%°P& () - T&H109& () - dddeefg~\ MLl 16!"10%1& ()-!"109%1& ()-
-"109D& ()-@h, - 10%&T()Lf? T YR MOSERI byt peb3e !

I p3LO! 109&' ()-T!a 3L0|106%$§ %g T|k3L0|10%&'() TI"10%+& ()-!1"1 0%@0&'()-' "
10%t#& ()-SiTJU Vj1i] 3LONM109%& '\ m ' 10%&' ()-.!'k 109 () - ' 10%
& ()-.S10% & ()- 10 10 1wk demdimodpdlBPéferred conditions for

e 1 A8 A ST 4 1 ke A0

Preparative scale crystallization generally involves

100 to 900 mls of glycoprotein.

A. Crvstallization at Constant pH Without Seed

Glucose oxidase was diafiltered in water and
concentrated to an A,y of between 5 and 15. The glucose
10 oxidase concentrate was mixed (1:1) with one volume of
the crystallizing reagent containing 18% PEG 6000, 32%
2-propanol in 0.2 M Na-Acetate at pH 5.0. After
mixing, the solution was cooled to 6°C. The glucose
oxidase crystallization solution was stirred for 24
15 hours at 100 rpm with a propeller stirrer. During this

time, the crystals formed gradually.

Example 22
Formulation of glucose oxidase crystals using

trehalose as excipient:
20 In order to enhance the stability of glucose

oxidase (GOD) crystals during drying and storage, the
crystals were formulated with ekcipients. In this
example, GOD crystals were formulated in the slurry
form in the presence of mother liquor before drying.

25 Trehalose (Sigma Chemical Co., St. Louis, MO) was added
to GOD crystals in mother liguor as an excipient.
Sufficient trehalose was added to GOD crystals at a
protein concentration 20 mgs/ml in mother liquor (100
mM sodium acetate buffer, pH 5.5 containing 32%

30 isopropanol and 9% PEG 6000) to reach a final
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107 {& ~ |||} H¥nd&httStion of 10%. The resulting suspension was
tumbled at room temperature for 3 hr. After treatment
with trehalose, the crystals were separated from the
liquid by centrifugation as described in Example 6,

5 method 1.

Example 23

Formulation of glucose oxidase cryvstals using

lactitol as excipient:
Glucose oxidase crystals were formulated as

10 in Example 22 by adding lactitol (Sigma Chemical Co.
St. Louis, MO), (instead of trehalose) to a final
concentration of 10% to the mother liquor. The
crystals were separated from the mother liquor/lactitol

solution after three hours by centrifugation.

15 Example 24

Formulation of glucose oxidase crystals using
hydroxypropvl-B-cvclodextrin (HPCD)

as excipient:
Glucose oxidase crystals were formulated

20 using hydroxypropyl-B-cyclodextrin (HPCD) as in Example
22 (instead of trehalose) by adding HPCD to a final
concentration of 10% in mother liquor and incubated for
3 hrs (Sigma Chemical Co. St. Louis, MO). The crystals
were then separated from the mother liquor/HPCD

25 solution after 3 hr. by centrifugation as described in

Example 6, method 1.
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concentratlon of 10% (Sigma Chemical Co. St. Louis, MO)

in mother liquor (instead of trehalose).

The crystals

were separated from the mother liquor/gelatin solutiocn

after three hours by centrifugation.

10 Example 26

Formulation of glucose oxidase crvstals using

Methoxvpolvethylene Glvcol as excipient:
The glucose oxidase crystals were formulated

as in Example 22 by adding methoxypoly ethylene glycol
15 to a final concentration of 10% (Sigma Chemical Co. St.

Louis, MO) in mother liquor. The crystals

were

separated from the mother liquor/methoxypoly ethylene
glycol solution after 3 hrs by centrifugation as

described in Example 6, method 1.

20 Example 27

Formulation of glucose oxidase crystals using

sucrose as excipient:

Glucose oxidase crystals were formulated as

in Example 22 by adding sucrose to a final

25 concentration of 10% (Sigma Chemical Co.,

St. Louis,

MO) in the mother liquor. The crystals were separated

from the mother liquor/sucrose solution after three

hours by centrifugation.
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Dryving Glucose Oxidase Formulations

The glucose oxidase crystal formulations
described above were dried according to the methods
5 described in Example 6. Method 4 utilized cold (4 °C)

isopropanol as the organic solvent.

Example 29
Soluble glucose oxidase preparation:

For comparison, the soluble glucose oxidase
10 sample was prepared by dissolving glucose oxidase
crystals at 20 mg/ml in 50 mM citrate buffer, pH 6.0.

Figﬁre il shows the stability of the soluble
glucose oxidase over time at 50 °C. The specific
activity declines rapidly with time. After 24 hours,

15 the specific activity decreases by more than 90%. The
T, for soluble glucose oxidase was calculated to be
0.91 hours.

Example 30
Glucose Oxidase Activity Assay:

20 The following protocol was used to determine
the activity of dried glucose oxidase crystals and

crystal formulations.
Chemicals and solutions:

1. Phosphate buffer (20 mM, pH 7.3), NaCl
25 (0.1 M) solution,

2. 21 mM O-Dianisidine dihydrochloride
stock solution, diluted to 0.21 mM as

working solution before use,
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3. 2 M glucose solution,
4, Peroxide solution (2 mg/ml),

5. 50 mM citrate buffer, pH 6.0

Sample preparation:

5 1. Add 2 mg of glucose oxidase to 1 ml of
50 mM citrate buffer, pH 6.0 and vortexed well for
about 2 min. The solution was mixed by tumbling

at room temperature for 1 hour to reconstitute.

2, Prepare a dilute enzyme solution by
10 mixing 0.1 ml of the above enzyme solution with
4.9 ml of the same citrate buffer.

Assay procedure for enzyme activity measurement:

1. The assay was monitored by a UV-Vis
spectrophotometer. Use the kinetic mode and set

15 wavelength at 460 nm and temperature at 25 °C.

2. Warm up the O-dianisidine/phosphate
working solution in the 25 °C water bath and bubble
the solution with oxygen for at least 20 min.

before use.

20 3. Measure the blank using the reagent

solution without the enzyme solution added.

4, Pipette 2.4 ml of oxygenated O-
dianisidine/phosphate working sclution, 0.4 ml of
2 M glucose solution and 0.1 ml of peroxidase into

25 a disposable cuvette.

5. Add 10 ml of the enzyme sample on the
cuvette wall (tilt the cuvette to prevent the

sample from mixing with the reagent at this step)
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by inverting the cuvette twice, insert the cuvette
into the spectrophotometer’s cell compartment and
start to collect data.

5 Calculate the enzyme specific activity using the

following formula

Specific activity = A*B*C/D*E*F

Where:
A = The changed in units of absorbance at
10 460 nm per minute
B = Reaction mixture volume (ml)
C = Dilution factor
D= 11.3 (a constant)
E = Weight (mg) of the enzyme used
15 F = Sample volume (ml)
Example 31

Activity of the dried crvstals:
The activity of the dried crystal

formulations of glucose oxidase was measured as

20 described in Example 30.

Shelf stabilitwv:
A study of the shelf stability of

formulations of glucose oxidase crystals was performed.

In this case, the formulations were dried by method 4
25 of Example 6 and were stored in a 2 ml screw cap

Eppendorf tube in a waterbath at 50 °C temperature for

13 days. Activities at specific time points were
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The shelf stabilities of the various glucose

5 oxidase formulations stored at 50 °C were determined.
The data are presented in Figure 12. Lactitol was the
most effective excipient at preserving glucose oxidase

specific activity over time at elevated temperature.

Table 10. Glucose Oxidase at 50°C

10 bDried glucose oxidase crystals
Excipient T,,» days
none 1.52
Trehalose . 3.8
Lactitol 4.85

15 HPCD 2.4
MOPEG 13.1
Gelatin 3.95
Sucrose 3.27
Soluble GOD 0.04 (0.91 hrs)

20 The T,,, was calculated from the shelf life

data by non-linear regression analysis using the Sigma
Plot program. Table 10 shows that formulations of
glucose oxidase were 95 fold more stable than soluble
when trehalose was used as the excipient. In addition,

25 formulations of glucose oxidase were 121 fold more
stable than soluble when lactitol was used as the
excipient (Table 10). Formulations using HPCD or MOPEG
as excipients with glucose oxidase crystals were 60 and
325 fold more stable than soluble glucose oxidase,

30 respectively(Table 10). Finally, formulations using
gelatin or sucrose as excipients with glucose oxidase
crystals were 99 and 82 fold more stable than soluble,

respectively (Table 10).
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5 more stable than glucose oxidase crystals made without
an excipient at 50 °C, as measured by T,,.,, as shown in
Table 10.

Moisture content:

Moisture content was determined by the Karl
10 Trischer method according to manufacturer's instructions
using a Mitsubishi CA-06 Moisture Meter equipped with a
VA-06 Vaporizer (Mitsubishi Chemical Corporation,

Tokyo, Japan).

Table 11. Moisture content of GOD crystal formulations

15 TIME $Moisture
DAYS Trehalose Lactitol HPCD MOPEG Gelatin Sucrose

0 4.38189 4.5274 8.3817 4.2008 4.7090 4.2083
13 8.7292 11.4808 8.7582 8.0763 13.7541 9.8284

Crystallinitv:

20 The crystal integrity of the GOD formulations
was measured by quantitative microscopic observations
as described in Example 9. 1In this example, the
crystals were readily visualized, indicating that

crystallinity was maintained throughout the process.

25 Figure 13 show that glucose oxidase crystals
were readily visualized immediately after preparing the
lactitol formulation. Figure 14 demonstrates that
crystallinity was maintained after 13 days at 50 °C.

Crystalline material was also readily visualized after
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shown in Figure 16.

Secondaryv structure characterization by FTIR:

(@2

Stability was assessed by quantifying the
secondary stucture content of the dried and formulated
GOD crystals by FTIR as described in Example 9. For
comparison, a soluble glucose oxidase sample was

10 prepared by dissolving glucose oxidase crystals in 50
mM citrate buffer at pH 6.0 and placing about 1 ml on a
zinc selenide crystal of ARK ESP, which then analyzed
for stability by FTIR.
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Table 12. Soluble Glucose Oxidase at 50°C

o- R— Extended
Sample Helix Sheets f-Turn coil Random
Soluble GOD | 35,65 29.14 14.02 8.32 12.87
init. time
After lhr 23.05 34.78 6.17 18.56 17.44
at 50°¢C
After 6 hr 9.92 25.45 8.44 32.04 24,15
at 50°C
GOD- 30.34 29.10 8.28 23.13 8.15
Trehalose
init. time
After 4 24.63 33.32 5.78 27.17 9.10
days at 50°C
GOD 33.82 25.88 8.82 20.41 11.07
~Lactitol
init. time
After 4 27.24 27.53 8.56 15.82 16.85
days at 50°C
GOD -HPCD 29.81 25.75 8.46 23.10 12.88
init. time
After 4 17.15 15.75 6.12 31.67 29.31
days at 50°C
GOD -MOPEG 25.45 28.23 9.62 22.52 14.18
init. time
After 4 15.87 30.91 8.91 28.68 15.63
days at 50°C
GOD-gelatin | 31.05 34.05 7.05 23.13 4.72
init. time
After 4 23.49 26.2 8.58 16.24 25.49
days at 50°C
GOD - 30.12 29.68 11.03 19.75 9.42
Sucrose
init. time _
After 4 24 .68 23.75 9.58 31.53 10.46
days at 50°C

CONCLUSION:

Soluble glucose oxidase lost 75% of its o-

helical content within only 6 hours at 50 °C.

The sugars lactitol, sucrose and trehalose
were the most effective excipients in preventing loss
of a-helical content upon storage at an elevated

temperature. Glucose oxidase crystals formulated in
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B - Poly(ethylene glycol), 100% PEG
200, 300, 400, or 600

10 C - acetone
Prdcedure:

A 4 ml aliquot of crystal suspension (140 mg)
is added to four 15 ml tubes. Next, the suspension is
centrifuged at between 1000 to 3000 RPM for between 1

15 to 5 minutes or until the crystallization buffer is
removed. Then, 4 ml of liquid polymer (any PEG between
200 to 600 is suitable) is added to each tube and the
contents are mixed until homogeneous. The suspension
is centrifuged at between 1000 to 3000 RPM for between

20 1 to 5 minutes or until the liquid polymer is removed.
Next, 4 ml of acetone (isopropanol, butanol and other
solvents are also suitable) is added to each tube and
mixed well. The crystal/organic solvent suspensions
are transferred to 0.8 cm X 4 cm BIO-RAD poly-prep

25 chromatography columns (spin columns). The columns are
centrifuged at 1000 RPM for 1 to 5 minutes to remove
the organic solvent. Finally, nitrogen gas is passed
through the column to dry the crystals until a free
flowing powder results.
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is mixed with two volumes of 15% Na,S0O, solution. The
mixture is stirred for 24 hr at room temperature or

10 until the crystallization is completed. The crystals
are washed with 15% Na,SO, solution to eliminate the
soluble enzyme. The crystals are suspended in fresh
15% Na,S0, soiutién to yield a protein concentration of
27 mg/ml.

15 Example 34
Drving of Purafect crvstals:
Materials:
A - purafect crystals suspension

B =~ Poly(ethylene glycol), 100% PEG
20 200, 300, 400, or 600

C =~ Organic solution
Procedure:

A 4 ml aliquot of crystal suspension (140 mg)
is added to four 15 ml tubes. Next, the suspension is
25 centrifuged at between 1000 to 3000 RPM for between 1
to 5 minutes or until the crystallization buffer is
removed., Then, 4 ml of liquid polymer (any PEG between
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are transferred to 0.8 cm X 4 cm BIO-RAD poly-prep
chromatography columns (spin columns). The columns are
10 centrifuged at 1000 RPM for 1 to 5 minutes to remove
the organic solvent. Finally, nitrogen gas is passed
through the column te dry the crystals until a free

flowing powder results.

Example 35

15 Producing DNA for Crvstallization

Plasmids derived from pUC plasmids, such as
pSP64, may be used to produce either DNA or mRNA for
crystallization. 1In this example, plasmid pSP64
(available from Promega Biological Research Products)

20 1is used to generate DNA for crystallization. The c¢DNA
coding for the protein of interest is inserted into any
of a number restriction sites available in the multiple
cloning site. The recombinant plasmid is then used to
transform E. coli bacteria. Next, large amounts of

25 plasmid are obtained by growth of the bacteria in
ampicillin containing medium. The techniques for
producing the recombinant plasmid, transforming E. coli
cells and for bacterial growth and plasmid DNA
preparation are described in detail in "Molecular

30 Cloning, 2nd Edition" (1989) Sambrook, J., Fritsch, E.
F. and T. Maniatis.
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interest for DNA crystallization (Example 37).

Example 36

Producing mRNA for Crvystallization
15 The SP64 plasmid in combination with SP6 RNA

Polymerase (available from Promega Biological Research
Products) are used for the generation of milligram
quantities of 5' capped RNA transcripts. The plasmid
prepared in Example 35, prior to excision of the gene,
20 1is linearized with a restriction enzyme downstream of
the poly A tail. The linear plasmid is purified by 2
phenol/chloroform and 2 chloroform extractions. DNA is
next precipitated with NaOCAc (0.3M) and 2 volumes of
EtOH. Next, the pellet is resuspended at approximately
25 1 mg/ml in DEPC-treated distilled and deionized water.

Transcription is carried out in a buffer
composed of 400 mM Tris HCl (pH 8.0), 80 mM MgCl,, 50 mM
DTT and 40 mM spermidine. The subsequent reagents are
added in order to one volume of DEPC-treated water at
30 room temperature: 1 volume SP6 RNA polymerase
transcription buffer; rATP, rCTP and rUTP to 1 mM
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achleve a DNA concentratlon of 5 mg/ml.

Example 38

RNA cryvstallization

Materials:
A - Purified mRNA (Example 36)
20 B - spermine
C - MPD (2-Methyl-2, 4-Pentanediol)
D - 5mM Ca Acetate buffer pH 7.0

E - Deionized water

Procedure:

25 Using the hanging drop technique, RNA
(Example 36) at 5 mg/ml in 5 mM Ca Acetate/20% MPD/1 mM
spermine buffer at pH 7.0 is incubated at room
temperature until 90% of the RNA has crystallized. The

resulting crystals are washed with crystallization
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buffer to remove all the soluble material from the
crystals. Then the crystals are resuspended in fresh
crystallization buffer to achieve RNA concentration of

5 mg/ml.

5 Example 39

Induction of an Immune Response to HIV gpl20
Using DNA Crvystals

DNA, coding for HIV gpl60, is prepared
according to the methods of Examples 36 and 37.

10 Crystals of HIV gpl60 are then used for immunization of
mice. Many genetic clones of both primary and
laboratory isolates of HIV are available from the Aids
Research and Reagent Program, National Institutes of
Allergy and Infectious Diseases, Rockville MD 20852,

15 for designing vaccines which induce broad neutralizing

immunity.

The DNA crystals are maintained in the
crystallization buffer and 200 wul/mouse is injected
into the rear hind leg. The development of an immune

20 response to gpl20 is determined by measuring serum
antibodies to the corresponding V3 loop peptide in
ELISA on a monthly basis.

Example 40
Induction of an Immune Response fo HIV gpl20
25 Using mRNA Crystals

RNA coding HIV gplé0 is prepared according to
the methods of Examples 35, 36 and 38. Crystals of HIV
gpl60 mRNA are used for the immunization of mice.

Various primary and laboratory isolates of HIV are
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available from the Aids Research and Reagent Program,
National Institutes of Allergy and Infectious Diseases,
Rockville MD 20852, for designing vaccines which induce

broad neutralizing immunity.

5 The RNA crystals are maintained in the
crystallization buffer and 200 wul/mouse is injected
into the rear hind leg. The development of an immune
response to gpl20 is determined by measuring serum
antibodies to the corresponding V3 loop peptide in

10 ELISA on a monthly basis.

Example 41

Oligo DNA crystallization

Materials:
A - Synthetic Oligo DNA

15 B - spermine

C - MPD (2-Methyl-2,4-Pentanediol)
D - 5mM Ca Acetate buffer pH 7.0
E - Deionized water

Procedure:

20 Using the hanging drop technique, synthetic
oligo DNA at 5 mg/ml in 5 mM Mg Acetate/30% MPD/1 mM
spermine buffer at pH 7.0 is incubated at room
temperature until 90% of the DNA has crystallized. The
resulting crystals are washed with crystallization

25 buffer to remove all the soluble material from the
crystals. Then, the crystals are resuspended in fresh
crystallization buffer to achieve a DNA concentration

of 5 mg/ml.
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Example 42

Antisense DNA Administration For Inhibition

of Gene Expression
Oligo DNA crystals coding for DNA sequences

5 which are complementary to the sense strand of an mRNA
species which is to be suppressed are generated as in
Example 41. Next, the crystals or a formulation
containing the crystals is administered to the site
where gene expression is intended to be inhibited.

10 Subsequently, cells will take up the DNA crystals or
dissolved DNA and the oligo DNA and host mRNA will form
complementary base pairs and gene expression will be

inhibited for a time.

ENCAPSULATED PROTEIN CRYSTALS

15 Example 43

Large Scale Crystallization of

Pseudomonas cepacia Lipase
A slurry of 15 kg crude Pseudomonas cepacia

lipase (PS 30 lipase - Amano) ("LPS") was dissolved in
20 100 L distilled deionized water and the volume brought
to 200 L with additional distilled deionized water.
The suspension was mixed in an Air Drive Lightning
mixer for 2 hours at room temperature and then filtered
through a 0.5 pm filter to remove celite. The mixture
25 was then ultrafiltered and concentrated to 10 L (121.4
g) using a 3K hollow fiber filter membrane cartridge.
Solid calcium acetate was added to a concentration of
20 mM Ca (CH;C00),. The pH was adjusted to 5.5 with
concentrated acetic acid, as necessary. The mixture
30 was heated to and maintained at a temperature of 30°C.
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Magnesium sulfate was added to a 0.2 M concentration,
followed by glucopon to a 1% concentration.
Isopropanol was then added to a final concentration of
23%. The resulting solution was mixed for 30 minutes
5 at 30°C, then cooled from 30°C to 12°C over a 2 hour
period. Crystallization was then allowed to proceed

for 16 hours.

The crystals were allowed to settle and

soluble protein was removed using a peristaltic pump

10 with tygon tubing having a 10 ml pipette at its end.
Fresh crystallization solution (23% isopropyl alcohol,
0.2 M MgSO,, 1% glucopon, 20 mM Ca(CH;COO),, pH 5.5) was
added to bring the concentration of protein to 30 mg/ml
(0.D. 280 of a 1 mg/ml solution = 1.0, measured using a

15 spectrophotometer at wavelength 280). The crystal
yield was about 120 grams.

Crosslinked LPS Crvstals

Crosslinked Pseudomonas cepacia lipase
crystals, sold under the name ChiroCLEC-PC™, are
20 available from Altus Bioclogics, Inc. (Cambridge,
Massachusetts) were used to produce formulations
according to Example 48. Alternatively, lipase
crystals as prepared above may be crosslinked using any

conventional method.

25 Example 44
Crosslinking of Glucose Oxidase Crvstals

We then crosslinked the glucose oxidase
crystals prepared in Example 21 as follows. The

crosslinking procedure involved glutaraldehyde, or
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glutaraldehyde pretreated with either Tris buffer (2-
amino-2-hydroxymethyl-1, 3-propanediol), lysine or

diaminooctane.

The crosslinking was performed using 60 mg of

n

protein. Tris pretreated glutaraldehyde (48 mg Tris-
base/qg glutaraldehyde) was added to concentrations of
0.2 and 0.6 g/g GO crystals suspended in 0.2 M sodium
phosphate at pH 7.0. Reactions were allowed to proceed
for two hours at room temperature. After two hours,

10 the crystals were filtered and washed over glass fiber
paper.

The crosslinked crystals were encapsulated as
described in Example 48. No differences were
encountered in the encapsulation process between the

15 wvariously crosslinked crystals. A representative

sample is shown in Figure 21.

Example 45

Crosslinked Candida Rugosa Lipase Crystals

Crosslinked Candida rudgosa lipase crystals,
20 sold under the name ChiroCLEC-CR™, are available from

Altus Biologics, Inc. (Cambridge, Massachusetts) and
were used to produce formulations according to Example
48. Alternatively, lipase crystals as prepared above,
may be crosslinked using any conventional method.

25 Example 46
Crosslinking of Human Serum Albumin Crystals

Crosslinking was performed on the human serum
albumin crystals prepared in Example 10. The

crosslinking reaction was performed at 4°C in a stirred
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solution of crystals in the mother liquor containing
50% saturated ammonium sulfate. The crystals were not
washed prior to crosslinking with borate-pretreated

glutaraldehyde.

Pretreated glutaraldehyde was prepared by
adding one volume of 50% glutaraldehyde ("GA") to an
equal volume of 300 mM sodium borate at pH 9. The
glutaraldehyde solution was then incubated at 60°C for 1
hour. The solution was cooled to room temperature and
the pH was adjusted to 5.5 with concentrated HCl.

Next, the solution was rapidly cooled on ice to 4°C.

The pretreated glutaraldehyde (25%) was added
to the crystallization solution in a stepwise fashion,
using 0.05% increments (total concentration) at 15
minute intervals to a concentration of 2%. Aliquots of
the crystallization solution used ranged between 1 ml
and 500 ml volume. The crystals were then brought to
5% GA and incubated at 4°C for 4 hours to allow
crosslinking. Finally, albumin crosslinked crystals
were collected by low speed centrifugation and washed
repeatedly with pH 7.5, 100 mM Tris HCl. Washing was
stopped when the crosslinked crystals could be
centrifuged at high speed without aggregation.

Example 47

Crosslinking of Penicillin Acylase

Pretreated glutaraldehyde was prepared by the
method of Example 46.

The pretreated glutaraldehyde (25%) was added
to the crystallization solution in a stepwise fashion,
using 0.05% increments (total concentration) at 15

minute intervals to a concentration of 1.5%. Aliquots

_'(V
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of the crystallization solution used ranged between 1

ml and 500 ml volume. Finally, crosslinked crystals
were collected by low speed centrifugation and washed

100 mM Tris HCl. Washing was

repeatedly with pH 7.5,
5 stopped when the crosslinked crystals could be

centrifuged at high speed without aggregation.

Example 48

Microencapsulation of Protein Crystals in
Polylactic-co-glvcolic acid (PLGA)
10 A. Glycoproteins, Proteins, Enzvymes
Hormones, Antibodies and Peptides

Microencapsulaticn was performed using
uncrosslinked crystals of lipase from Candida rugosa

and Pseudomonas cepacia, glucose oxidase from

15 Aspergillus niger and Penicillin acylase from
Escherichia coli. Further, microencapsulation was
performed using c¢rosslinked enzyme crystals of lipase
from Candida rugosa, glucose oxidase from Aspergillus
niger and Penicillin acylase from Escherichia coli.

20 Table 13 shows the approximate average diameters of
samples of the microspheres which were produced by this
example. In addition, human serum albumin or any other

protein crystals or protein crystal formulation

produced may be encapsulated by this technique.

25 Table 13. Microspheres Produced
Crosslinked Crosslinked
Microspheres Crystals Crystals

Diameter um

Diameter um

Candida rugosa lipase 90

90




108 & ()-'v 109 & () - )v 108 & ()-'v 108 & ()-'v 10%B & ()-'" WK tx\ @ XK/ v
108 & ()-'v 10%B & ()-'v 10%B & ()-'v 10%B & ()-'"/Ktv 108 & ()-'x\@ XK/ v
10 & ()-'v 108 & ()-'v 109 & () - /Ktv 10 & ()-'v 10%B & ()-'|\@ XK/ v
10%& ()-'v 108 & ()-'"/Ktv 108 & ()-'v 108 & ()-'v 108 & ()-' @ XK/ v
108 & ()-'"/Ktv
- 117 -

Glucose oxidase 50 50

Penicillin acylase 90 70

Lipase from Pseudomonas 60

cepaclia (slurry)

5 B. Preparation of Dry Crystals:

Crystals or crystal formulations dried
according to Example 6 may each be used to produce the
microspheres of this invention. One process for drying
protein crystals for use in this invention involves air

10 drying.

Approximately 500 mg each of Candida rugosa
lipase crystals from Example 1 (uncrosslinked and
crosslinked), glucose oxidase from Examples 21 and 44
(uncrosslinked and crosslinked) and Penicillin acylase

15 from Examples 14 and 47 (uncrosslinked and crosslinked)
were alr dried. First, the mother liquor was removed
by centrifugation at 3000 rpm for 5 minutes. Next, the

crystals were at 25°C in the fume hood for two days.

C. Polymer and Solvents

20 The polymer used to encapsulate the protein
crystals was PLGA. PLGA was purchased as 50/50
Poly(DL-lactide-co-glycolide) from Birmingham Polymers,
Inc. from Lot No. D97188. This lot had an inherent
viscosity of 0.44 dl/g in HFIPG@ 30°C.

25 The methylene chloride was spectroscopic
grade and was purchased from Aldrich Chemical Co.
Milwaukee, WI. The poly vinyl alcohol was purchased
from Aldrich Chemical Co. Milwaukee, WI.

D. Encapsulation of Crystals in PLGA:
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The crystals were encapsulated in PLGA using

a double emulsion method. The general process was as
follows, either dry protein crystals or a slurry of
protein crystals was first added to a polymer solution

5 in methylene chloride. The crystals were coated with
the polymer and became nascent microspheres. Next, the
polymer in organic solvent solution was transferred to
a much larger volume of an aqueous solution containing
a surface active agent. As a result, the organic

10 solvent began to evaporate and the polymer hardened.
In this example, two successive aqueous solutions of
decreasing concentrations of emulsifier were employed
for hardening of the polymer coat to form microspheres.
The following procedure was one exemplification of this

15 general process. Those of skill in the art of polymer
science will appreciate that many variations of the
procedure may be employed and the following example was

not meant to limit the invention.

1.0 Use of Dry Protein Crvystals

20 Dry crystals of crosslinked and uncrosslinked
Candida rugosa lipase produced according to Example 1,
crosslinked and uncrosslinked glucose oxidase produced
according to Examples 21 and 45, crosslinked and
uncrosslinked penicillin acylase produced according to

25 Example 14 and 47, were weighed into 150 mg samples.
The weighed protein crystals were then added directly
into a 15 ml polypropylene centrifuge tube (Fisher
Scientific) containing 2 ml of methylene chloride with
PLGA at 0.6 g PLGA/ml solvent. The crystals were added

30 directly to the surface of the solvent. Next, the tube
was throughly mixed by vortexing for 2 minutes at room
temperature to completely disperse the protein crystals
in the solvent with PLGA. The crystals were allowed to
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become completely coated with polymer. Further
vortexing or agitation may be used to keep the nascent
microspheres suspended to allow further coating. The
polymer may be hardened as described in section 3.0.
5 2.0 Use of a Protein Crvstal Slurry

A crystal slurry of Pseudomonas cepacia
lipase was produced using approximately 50 mg of
crystals per 200 ul of mother liquor. The crystal
slurry was rapidly injected into a 15 ml polypropylene

10 centrifuge tube (Fisher Scientific) with 2 ml of a
solution of methylene chloride and poly(lactic-co-
glycolic acid) at 0.6 g PLGA/ml solvent. The needle
was inserted below the surface of the solvent and
injected into the solution. 1In this case, 150 mg of

15 total protein, or 600 ul of aqueous solution, was
injected. The injection was made using a plastic
syringe Leur-lok (Becton-Dickinson & Company) and
through a 22 gauge (Becton-Dickinson & Company)
stainless steel needle. Next, the protein crystal-PLGA

20 slurry was mixed thoroughly by vortexing for 2 minutes
at room temperature. The crystals were allowed to be
completely coated with polymer. Further vortexing or
agitation was optionally used to keep the nascent
microspheres suspended to allow further coating.

25 3.0 Hardening the Polvmer Coating

A two step process was employed to facilitate
the removal of methylene chloride from the liquid
polymer coat and allow the polymer to harden onto the
protein crystals. The difference between the steps is

30 that the concentration of emulsifier was much higher in
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the first solution and the volume of the first solution

is much smaller than the second.

In the first step, the polymer coated crystal
and methylene chloride suspension was added dropwise to
5 a stirred flask of 180 ml of 6% polyvinyl alcohol
(hereinafter "PVA") in water with 0.5% methylene
chloride at room temperature. This solution was mixed

rapidly for 1 minute.

In step two, the first PVA solution
10 containing the nascent microspheres was rapidly poured
into 2.4 liters of cold (4°C) distilled water. This
final bath was mixed gently at 4°C for 1 hr with the
surface of the solution under nitrogen. After 1 hr,
the microspheres were filtered using 0.22 um filter and
15 washed with 3 liters of distilled water containing 0.1%

Tween 20 to reduce agglomeration.

Example 49
Production of Encapsulated Crystals

Encapsulated microspheres of Pseudomonas

20 cepacia lipase are prepared by phase separation
techniques. The crystalline LPS prepared in Example 43
is encapsulated in polylactic-co-glycolic acid ("PLGA")
using a double emulsion method. A 700 mg aligquot of
protein crystals is injected in methylene chloride

25 containing PLGA (0.6 g PLGA/ml solvent; 10 ml). The
mixture is homogenized for 30 sec at 3,000 rpm, using a
homogenizer with a microfine tip. The resulting
suspension is transferred to a stirred tank (900 ml)
containing 6% poly (vinyl alcohol) ("PVA") and

30 methylene chloride (4.5 ml). The solution is mixed at

1,000 rpm for 1 min. The microspheres in the PVA
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solution are precipitated by immersion in distilled
The microspheres are then
to

water, washed and filtered.

washed with distilled water containing 0.1% Tween,
reduce agglomeration and dried with nitrogen for 2 days

at 4 °C.

Example 50

A, Protein Content of Microspheres

The total protein content of the microspheres
prepared 1n Example 48 was measured. Triplicate
samples of 25 mg of the PLGA/PVA microspheres were

incubated in 1 N sodium hydroxide with mixing for 48

hrs. The protein content was then estimated using
Bradford's method (M.M. Bradford, Analytical
Biochemistry, vol. 72, page 248-254 (1976)) and a

commercially available kit from BioRad Laboratories
CA).
were compared to PLGA microspheres without any crystals

(Hercules, The protein containing microspheres

and is shown in Table 14.

Table 14. Protein Content of Microspheres
Protein (%) Protein (%)
Microspheres Crosslinked | Uncrosslinked
Crystals Crystals
Unloaded PLGA 0
Microspheres
Candida rugosa lipase 30 20
Glucose oxidase 35 28
Penicillin acylase 27 25
Lipase from Pseudomonas 39
cepacia (slurry)
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The activity per milligram or specifac

activity of selected samples from Table 14 was

determined and is shown in Table 15.

Table 15.

Specific Activity

Microspheres

Activity/mg

Activity/mg

Crosslinked

Crystals

Uncrosslinked

Crystals

Unloaded PLGA

0

0

[TKtx\@ XK K tv
X\ @ XK/ K tv

Microspheres

Candida rugosa lipase 413

Penicillin acylase 9.63

Lipase from Pseudomonas 1414
cepacia (slurry)

Example 51
Protein Release from Microspheres

The release of protein from the PLGA
microspheres prepared in Example 48 was measured by
placing 50 mg of protein encapsulated PLGA microspheres
in microcentrifuge filtration tubes containing 0.22 um
filters. Next, 600 pnl of release buffer (phosphate
buffered saline with 0.02% Tween 20 at pH 7.4) was
added to the microspheres on the retentate side of the
filter.

dissolution.

The tubes were incubated at 37°C to allow

To measure the amount of protein released
with time, samples were taken at different time
intervals. The tube was centrifuged at 3000 rpm for 1

minute and the filtrate was removed for protein
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R 10 protein crystal, size of the crystals, crosslinking of

the crystals, the hydrophobic and hydrophilic
characteristics of the encapsulating polymer, the
30 number of encapsulations, dose of microspheres and

other easily controllable variables.
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Table 16. Protein Release From Microspheres

Time (hr) $ Input Pseudomonas % Input Candida
cepacia Lipase rugosa lipase
Released Released

0 0 0

18 28 2

41 56 5

89 75 10

137 82 22
210 84 34
234 85 47
306 86 70
330 87 86

B. Protein Activity Released From
Microspheres

The biological activity of the protein
released with time was measured using the olive oil
assay for lipase microspheres. These results are shown
in Table 17.

The biological activity of the released
protein, as shown in Table 17, demonstrates that the
microspheres protect and release active protein. The
cumulative percent activity released, calculated based
on the amount of input protein, was closely correlated



Kl ,}10%! & ()-;j]PC, }10%! & (101010 9109%& ()-f,}10%! & ()-;
Kl ,}10%! & ()-;,}10%! & ()-;es|[:]PC, }10% 39! 109%& ()- ML0% & ()- W 10%
78 ()- f  10%F@F& ()- °  10%& ()-S 3:10% & ()-e>|[:]1PC }110% +9! 10%
& ()- *10% & ()- 3"yl0% & ()- 3"yl0%& ()-  10% & ()- 39! 10% & () - >vU4,
109 ()-f 0 10% & ()-f mm%)l&'() t 109! & ()-101010 +9! 10%&' () -
vU4,  +1099'& ()-0 &L0%D!& ()- 3"109%0'& ()- 109! & ()- 3109%0! & ()-
109! & () -3 125
i N.A[ 109! & ()-v"[109%)! & () - v"[lO%)' & () =G
@109 & ()- 0109%0!'& ()- $ -

with the total protein released (compare Table 16 and

[1090! & ()-Vv"[ 109! & ()- V"

Table 17). The two different crystal lipases released
essentially 100% active protein. Even after 7 days of
immersion at 37°C, the protein that was released from

5 the microspheres was fully active.

Table 17. Activity of Released Protein

Time (hr) % Input Pseudomonas % Input Candida
cepacla Lipase Rugosa lipase
Activity Released Activity Released
0 0 0
18 28 2
10 41 56 5
89 75 10
137 82 22
210 84 34
234 85 47
15 306 86 70
330 87 86

The activity measurements set forth above
were made using the olive o0il assay described in

Example 8.

20 Example 52

Microscopic Examination of PLGA Microspheres
In order to visualize whether the crystals

were intact after encapsulation, PLGA microspheres

prepared according to Example 48 were examined under an
25 Olympus BX60 microscope equipped with DXC-970MD 3CCD

Color Video Camera with Camera Adapter (CMA D2) with
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Image ProPlus software. Samples of dry microspheres
were covered with a glass coverslip, mounted and
examined under 10X magnification, using an Olympus
microscope with an Olympus UPLAN Fl objective lens
5 10X/0.30 PH1 (phase contrast), the crystals were

readily visualized and the crystal size determined.
Microsphere and crystal sizes were determined using
Image Pro Software from Olympus and 0.5-150 um sizing
beads provided by the manufacturer. The size of the

10 outer PLGA microspheres was determined, as well as for

the crystals.

Figure 17 depicts crosslinked enzyme crystals
of lipase from Candida rugosa encapsulated by the
method of Example 48. The crystal size was

15 approximately 25 pum and the microspheres were

approximately 90 um. The magnification was 250X.

Figure 18 depicts uncrosslinked enzyme
crystals of lipase from Candida rugosa encapsulated by
the method of Example 48. The crystal size was

20 approximately 25 um and the microspheres were

approximately 120 um. The magnification was 250X.

Figure 19 depicts crosslinked enzyme crystals
of Penicillin acylase from Escherichia coli
encapsulated by the method of Example 48. The crystal

25 size was approximately 25 um and the microspheres were

approximately 70 um. The magnification was 250X.

Figure 20 depicts uncrosslinked enzyme
crystals of Penicillin acylase from Escherichia coli
encapsulated by the method of Example 48. The crystal

30 size was approximately 50 um and the microspheres were

approximately 90 um. The magnification was 250X.
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Figure 21 depicts crosslinked enzyme crystals
of glucose oxidase from Aspergillus niger encapsulated
by the method of Example 48. The crystal size ranged
from 0.5 to 1 um and the microspheres were

5 approximately 50 um. The magnification was 500X.

Figure 22 depicts uncrosslinked enzyme
crystals of glucose oxidase from Aspergillus niger
encapsulated by the method of Example 48. The crystal
size ranged from 0.5 to 1 um and the microspheres were

10 approximately 50 um. The magnification was 500X.

Figure 23 depicts uncrosslinked enzyme
crystals of lipase from Pseudomonas cepacia,
encapsulated as a slurry in the mother liquor by the
method of Example 48. The crystal size was

15 approximately 2.5 um and the microspheres were

approximately 60 um. The magnification was 500X.

Figure 24 depicts uncrosslinked enzyme
crystals of lipase from Pseudomonas cepacia. The
crystal size was approximately 2.5 um. The

20 magnification was 1000X.

Example 53
Protein Release

The release of proteins from the PLGA
microspheres is measured by placing 50 mg of PLGA
25 microspheres in micro-centrifuge filtration tubes
containing 0.22 um filters. A 600 pl aliquot of
release buffer (10 mM HEPES, pH 7.4, 100 mM NaCl, 0.02%
Tween, 0.02% azide) is added to suspend the
microspheres on the retentate side of the filter. The
30 tubes are sealed with 3 cc vial stoppers and covered by

parafilm. The microspheres are then incubated at 37°C.
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were prepared as described in Example 1 and 45.

Antibodies and chemicals were purchased from Sigma.

20 1.0 Preparation of coated crystals

A solution of 1.5 ml of bovine serum albumin

("BSA") at 10 mg/ml was prepared, in 5 mM phosphate
buffer adjusted to pH 7. Next, 15 ml of a 10 mg/ml
suspension of Candida rugosa lipase crystals was

25 prepared in 5 mM K/Na phosphate buffer, 1 M NaCl, at pH
7 ("buffer"). The BSA solution was added to the
crystal solution and the two solutions were mixed
thoroughly. The crystals were incubated in the BSA for
30 min with slow mixing using an orbital shaker.

30 Following the incubation with BSA, the crystals were
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dryed overnight by vacuum filtration. The dryed

crystals were resuspended in buffer without albumin.

The crystals were washed with buffer until no protein

could be detected in the wash as measured by absorbance
5 at280nm or until the Ay, was < 0.01. The crystals

were recovered by low speed centrifugation.
2.0 Detection of the Albumin Coat

The coated crystals were evaluated by Western

blotting to confirm the presence of the albumin layer

10 Following washing, coated protein crystals were
incubated in 100 mM NaOH overnight to dissolve the
microspheres into the constituent proteins. The
samples were neutralized, filtered and analyzed by
SDS-PAGE immunoblot according to Sambrook et al.

15 "Molecular Cloning: A Laboratory Manual", Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York
(1989).

The results of SDS—-PAGE immunoblot of both

albumin coated crosslinked and uncrosslinked crystal
20 microspheres of Candida rugosa lipase revealed a single
immunoreactive species having the same molecular weight

as albumin.

Samples of the albumin coated crosslinked and

uncrosslinked crystal microspheres of Candida rugosa

25 lipase were incubated with a fluorescene-labeled
anti-BSA antibodies which specifically recognize and
bind to bovine serum albumin. Next, excess antibody
was removed thorough washing with phosphate buffer.
Microscopic examination of these fluorescently labeled

30 albumin coated crystal microspheres under a fluorscent
microscope revealed specific fluorescene-labeling of

the microspheres. Uncoated lipase crystals were used
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and human growth hormone; and
b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);
20 wherein said formulation has at least a 60% greater shelf life

when stored at 50 °C than a nonformulated form of said protein crystal when
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of said protein loses more than 50% of its a-helical structural content after

storage for 6 hours at 50 °C, as measured by fourier transform infrared (FTIR).

15 4, The formulation according to any one of claims
1, 2 or 3, wherein said ratio of said excipient to said protein crystal is between

0.1:99.9 and 10:90 (W/W).

5. The formulation according to claim 4,
20 wherein said ratio of said excipient to said protein crystal is between 1:99 and

10:90 (W/W).
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protein crystal when stored at 40 °C and 75% humidity, as measured by the

time required for the specific activity of the protein to decrease by 50% (T,,).

20 10. A formulation comprising:
a) a batch-processed protein crystal, wherein said protein is an

oxidase enzyme; and
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11. A formulation comprising:
a) a batch-processed protein crystal, wherein said protein is an
10 oxidase enzyme; and
b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);
wherein said formulation loses less than 20% a-helical structural
content of the protein after storage for 4 days at 50 °C, wherein a soluble form

15 of said protein loses more than 50% of its a-helical structural content after

storage for 6 hours at 50 °C, as measured by fourier transform infrared (FTIR).
12.  The formulation according to any one of claims
9, 10 or 11, wherein said ratio of said excipient to said protein crystal is

20 between 0.1:99.9 and 10:90 (W/W).

13.  The formulation according to claim 12,
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15. A formulation comprising:

a) a batch-processed protein crystal, wherein said protein is
human serum albumin; and

b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);

wherein said formulation has at least a 59 fold greater shelf life
when stored at 40 °C and 75% humidity than a nonformulated form of said
protein crystal when stored at 40 °C and 75% humidity, as measured by the

time required for the specific activity of the protein to decrease by 50% (T,,,).

16. A formulation comprising:
a) a batch-processed protein crystal, wherein said protein is
human serum albumin; and
b) an excipient, wherein said excipient and said protein crystal are

in a ratio between 0.01:99.99 and 30:70 (W/W);
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18.  The formulation according to any one of claims 15, 16 or 17,

wherein said ratio of said excipient to said protein crystal is between 0.1:99.9

and 10:90 (W/W).

20 19.  The formulation according to claim 18, wherein said ratio of said

excipient to said protein crystal is between 1:99 and 10:90 (W/W).
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b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);

wherein said formulation has at least a 59 fold greater shelf life
when stored at 40 °C and 75% humidity than a nonformulated form of said
protein crystal when stored at 40 °C and 75% humidity, as measured by the

time required for the specific activity of the protein to decrease by 50% (T,,,).

21. A formulation comprising:

a) a batch-processed protein crystal, wherein said protein is an
enzyme selected from the group consisting of: isomerases, lyases, ligases,
adenylate cyclases, transferases and oxidoreductases; and

b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);

wherein said formulation has at least a 60% greater sheilf life
when stored at 50 °C than a nonformulated form of said protein crystal when
stored at 50 °C, as measured by the time required for the specific activity of the

protein to decrease by 50% (T,,,).
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enzyme selected from the group consisting of: isomerases, lyases, ligases,

adenylate cyclases, transferases and oxidoreductases; and

5 b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);
wherein said formulation loses less than 20% a-helical structural
content of the protein after storage for 4 days at 50 °C, wherein a soluble form

of said protein loses more than 50% of its a-helical structural content after

10  storage for 6 hours at 50 °C, as measured by fourier transform infrared (FTIR).

23. The formulation according to any one of claims 20, 21 or 22,
wherein said ratio of said excipient to said protein crystal is between 0.1:99.9

and 10:90 (W/W).

15
24. The formulation according to claim 23,
wherein said ratio of said excipient to said protein crystal is between 1:99 and
10:90 (W/W).
20 25. A formulation comprising:

a) a batch-processed protein crystal, wherein said protein is a

therapeutic protein; and
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5  protein crystal when stored at 40 °C and 75% humidity, as measured by the

time required for the specific activity of the protein to decrease by 50% (T,,,)

26. A formulation comprising:
a) a batch-processed protein crystal, wherein said protein is a
10 therapeutic protein; and
b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);
wherein said formulation has at least a 60% greater shelf life
when stored at 50 °C than a nonformulated form of said protein crystal when
15 stored at 50 °C, as measured by the time required for the specific activity of the

protein to decrease by 50% (T,,,).

27. A formulation comprising:
a) a batch-processed protein crystal, wherein said protein is a
20  therapeutic protein; and
b) an excipient, wherein said excipient and said protein crystal are

in a ratio between 0.01:99.99 and 30:70 (W/W);
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wherein said ratio of said excipient to said protein crystal is between 0.1:99.9

and 10:90 (W/W).

10 29. The formulation according to claim 28,
wherein said ratio of said excipient to said protein crystal is between 1:99 and

10:90 (W/W).

30. The formulation according to any one of claims 25,

15 26 or 27, wherein said therapeutic protein is selected from the group consisting
of antibodies, nerve growth hormones, bone morphogenic hormones, fertility
hormones, leukocyte markers, histocompatibility antigens, mucins, integrins,
adhesion molecules, selectins, interleukins, interleukin receptors, chemokines,
growth factors, growth factor receptors, interferon receptors, immunoglobulins,

20  T-cell receptors, blood factors, CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD11a,
CD11b, CD11c, CD13, CD14, CD18, CD19, CE20, CD22, CD23, CD27, CD28,

B7.1, B7.2, B7.3, CD29, CD30, CD40, gp39, CD44, CD45, Cdw52, CD56,
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IL-14R, IL-156R, PF4, RANTES, MIP1a, MCP1, NAP-2, Groa, GroB, IL-8,

10%(1#Yé 0

TNFalpha, TGFbeta, TSH, VEGF/VPF, PTHrP, EGF family, EGF, PDGF family,
endothelin, gastrin releasing peptide (GRP), TNFalphaR, RGFbetaR, TSHR,
VEGFR/NVPFR, FGFR, EGFR, PTHrPR, PDGFR family, EPO-R, GCSF-R,

10 IFNaR, IFNBR, IFNyYR, IgE, FceRlI, FceRIl, complement C3b, complement C5a,
complement C5b-9, Rh factor, fibrinogen, fibrin and myelin associated growth

inhibitor.

31. A formulation comprising:
15 a) a batch-processed protein crystal, wherein said protein is a
protein antigen; and
b) an excipient, wherein said excipient and said protein crystal are
in a ratio between 0.01:99.99 and 30:70 (W/W);
wherein said formulation has at least a 59 fold greater shelf life when stored at
20 40 °C and 75% humidity than a nonformulated form of said protein crystal when
stored at 40 °C and 75% humidity, as measured by the time required for the

specific activity of the protein to decrease by 50% (T,,,).
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32. A formulation comprising:

a) a batch-processed protein crystal, wherein said protein is a

protein antigen; and
5 b) an excipient, wherein said excipient and said protein crystal are

in a ratio between 0.01:99.99 and 30:70 (W/W);

wherein said formulation has at least a 60% greater shelf life
when stored at 50 °C than a nonformulated form of said protein crystal when
stored at 50 °C, as measured by the time required for the specific activity of the

10  protein to decrease by 50% (T,,,).

33. A formulation comprising:

a) a batch-processed protein crystal, wherein said protein is a

protein antigen; and
15 b) an excipient, wherein said excipient and said protein crystal are

in a ratio between 0.01:99.99 and 30:70 (W/W);

wherein said formulation loses less than 20% a-helical structural
content of the protein after storage for 4 days at 50 °C, wherein a soluble form
of said protein loses more than 50% of its a-helical structural content after

20 storage for 6 hours at 50 °C, as measured by fourier transform infrared (FTIR).
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36. The formulation according to any one of claims 31,
10 32 or 33, wherein said protein antigen is selected from the group consisting of:
viral surface proteins, viral structural proteins, viral enzymes, parasite proteins,
parasite glycoproteins, parasite enzymes, bacterial proteins, tumor antigens,

allergens and toxins.

15 37.  The formulation according to any one of claims
1,2,3,9,10, 11,15, 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wherein said

protein is greater than 10,000 Daltons in molecular weight.

38.  The formulation according to any one of claims 1, 2, 3, 9, 10, 11,
20 15,16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wherein said excipient is

selected from the group consisting of: sucrose, trehalose, lactitol, gelatin,
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39. The formulation according to any one of claims 1,

5 2,39 10,11, 15,16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wherein said
excipient is a polymer selected from one or more of the group consisting of:
poly (acrylic acid), poly (cyanoacrylates), poly (amino acids), poly (anhydrides),
poly (depsipeptide), poly (esters), poly (lactic acid), poly (lactic-co-glycolic acid)
or PLGA, poly (O-hydroxybutryate), poly (caprolactone) and poly (dioxanone);

10  poly (ethylene glycol), poly ((hydroxypropyl)methacrylamide, poly
[(organo)phosphazene], poly (ortho esters), poly (vinyl alcohol), poly
(vinylpyrrolidone), maleic anhydride-alkyl vinyl ether copolymers, pluronic
polyols, albumin, alginate, cellulose, cellulose derivatives, collagen, fibrin,
gelatin, hyaluronic acid, oligosaccharides, glycaminoglycans, sulfated

15  polysaccharides, blends and copolymers thereof.

40. The formulation according to claim 39, wherein said polymer is a

biodegradable polymer.

20 41.  The composition according to claim 39, wherein said polymer is a

biocompatible polymer.
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42. A microsphere comprising the formulation according to any one of

claims 1, 2, 3, 9, 10, 11, 15, 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33.

43. A method of treating a mammal comprising the step
5 of administering to the mammal an effective amount of the formulation
according to any one of claims 1, 2, 3, 9, 10, 11, 15, 16, 17, 20, 21, 22, 25, 26,

27,31, 32 or 33.

44. The method according to claim 43, wherein the formulation is
10 administered by a route selected from the group consisting of oral,

intramuscular, intravenous, pulmonary inhalation and parenteral routes.

45.  The formulation according to any one of claims 1, 2, 3, 9, 10, 11,
15, 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wherein said formulation is a

15 pharmaceutical controlled release formulation.

46. The pharmaceutical controlled release formulation according to
claim 45, wherein said formulation is formulated for administration by an oral,
pulmonary, nasal, aural, anal, dermal, ocular, intravenous, intramuscular,

20 intraarterial, intraperitoneal, mucosal, sublingual, subcutaneous or intracranial

route.
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47. A process for producing microspheres by encapsulating protein
crystals while maintaining their crystallinity, comprising the steps of:

(a)  suspending said protein crystals in a polymer dissolved in
an organic solvent to produce coated protein crystals in a suspension;

(b) transferring said suspension of coated protein crystals,
polymer and organic solvent to an aqueous solution containing an emulsifier,;
and

(c) hardening said polymer by evaporating the organic solvent

in the presence of said emulsifier to produce said microspheres.

48. A process for producing microspheres by encapsulating protein
crystals while maintaining their crystallinity, comprising the steps of:
(a) suspending said protein crystals in a polymer dissolved in
an organic solvent to produce coated protein crystals in a suspension;
(b) transferring said suspension of coated protein crystals,
polymer and organic solvent to an aqueous solution; and
(c) hardening said polymer by evaporating the organic solvent

to produce said microspheres.

49. The process according to claim 47 or 48, wherein said protein is
selected from the group consisting of: therapeutic proteins, glycoproteins,

enzymes, hormones, antibodies and peptides.
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50. The process according to claim 47 or 48, wherein said polymer is

a biodegradable polymer.

51.  The process according to claim 47 or 48, wherein said polymer is

a biocompatible polymer.

52. The process according to claim 47 or 48, wherein said polymer is

a copolymer.

53.  The process according to claim 47 or 48, wherein said polymer is
selected from one or more of the group consisting of: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly (anhydrides), poly (depsipeptide),
poly (esters), poly (lactic acid), poly (lactic-co-glycolic acid) or PLGA, poly (O~
hydroxybutryate), poly (caprolactone), poly (dioxanone), poly (ethylene glycol),
poly ((hydroxypropyl)methacrylamide, poly [(organo)phosphazene], poly (ortho
esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic anhydride-alkyl vinyl
ether copolymers, pluronic polyols, albumin, alginate, cellulose, cellulose
derivatives, collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides,

glycaminoglycans, sulfated polysaccharides, blends and copolymers thereof.
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54.  The process according to claim 47, wherein said emulsifier is

poly(vinyl alcohol).

55.  The process according to claim 47, wherein said emulsifier is a

surfactant.

56. The process according to claim 47 or 48, wherein said organic
solvent is an organic solvent selected from the group consisting of. acetone,
methyl alcohol, methyl isobutyl ketone, ethanol, chloroform, isopropanol, 2-
propanol, acetonitrile, butanol, cyclohexane, dioxane, ethyl acetate,
dimethylformamide, dichloroethane, hexane, isooctane, methylene chioride,

tert-butyl alcohol, toluene, carbon tetrachloride and combinations thereof.

57. The process according to claim 47 or 48, wherein said protein

crystals are microcrystals.

58. The process according to claim 47 or 48, wherein said protein

crystals are crosslinked.

59. The process according to claim 58, wherein said protein crystals
are crosslinked with a multifunctional crosslinking agent or a bifunctional

crosslinking agent.
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60. The process according to claim 59, wherein said multifunctional
crosslinking agent is selected from the group consisting of: glutaraldehyde,

succinaldehyde, octanedialdehyde and glyoxal.



