-1 STABI LI ZED PROTEI N CRYSTALS, FORMULATI ONS CONTAI NI NG THEM AND METHODS OF
MAKI NG THEM TECHNI CAL FI ELD OF THE | NVENTI ON This invention relates to

nmet hods for the 5 stabilization, storage and delivery of biologically
active macronol ecul es, such as proteins, peptides and nucleic acids. In
particular, this invention relates, to protein or nucleic acid crystals,
formul ati ons and conpositions coﬂprlsing them Methods are provided for 10
the crystallization of proteins and nucleic acids and for the preparation
of stabilized protein or nucleic acid crystals i Lurry
formul ations. The crystals, crystal fornulations a tions of this
i nvention can be reconstituted with a diluent for gﬂm u@ Eral

adm nistration of biologically active macronolecul . The

met hods of this invention are useful for preparing cry¥tass of "naked" DNA
and RNA sequences that code for therapeutic or inmunogenic proteins and

.20 can be adninistered parenterally. The dissolang-DNA__QﬂQ_EQ@L_Th

nol ecul es, subsequently taken up by the cells and used to express
protein with the proper glycosylation pattern, can Ej ”Ilmmwrﬂmmum rapeutic
or inmmunogenic. Alternatively, the present inventio m for
preparing crystals, crystal fornulations and 2 conposit i*@a®»0f sense and

anti sense pol ynucl eotides of RNA or DNA. The present invention is further

directed to encapsul ating proteins, glycoproteins, enzynes,
STABILIZED PROTEIN CRYSTALS,

FORMULATIONS  CONTAINING THEM AND METHODS "OF MAKING THEM

TECHNICAL_ FIELD OF THE INVENTI@N 

This invention relates to methods for the
5 stabilization, storage and delivery of biologically
active macromolecules, such as proteins, peptides and
nucleic acids. 1In particular, this inventiou relates
~ to protein or nucleic acid crystals, formulations and
compositions:comprising them. Methods are provideo for
10 the crystallization of proteins and nucleic acids and
for the preparation of stabilized protein or nucleic
acid crystals for use in dry or slurry formulations.
The crystals, crystal formulations and compositions of
this invention can be reconstituted w1th a diluent for
15 the parenteral administration of blologlcally 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'andf

.20 can be admlnlstered 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 wuseful for preparing crystals, crystal formulations and



5 anti bodi es, hornones and peptide crystals or crystal fornulations into
conpositions for biological delivery to humans and aninmals. According to
this invention, protein crystals or crystal fornulations are encapsul ated
W thin a matrix conprising a polyneric 10 carrier to forma conposition.
The fornul ati ons and conpositions enhance preservati on of the native
biologically active tertiary structure of the proteins and create a
reservoir which can slowy release active 2protein where and when it is
needed. Such polyneric 15 carriers include bioconpatible and bi odegradabl e
pol ynmers. The biologically active protein is subsequently released in a
control | ed mafREPOSHERCRS Bdr issdss anldrean ks et er pP hBdupyephédpar Pifcul ar

encapsul at i ongivachy e, pol ymer formul ation, crystal 20 geonetry, crysta
solubility, crystal crosslinking and fornulation conditions used. Methods
are provided for crystdahe PiegprotisivRntinephy | Aigr shabi Hizedted to

fornul ati ons @%@%pﬂ%ﬁﬁg%tﬂo@msngrgelcy,@dglso@éingx%ﬁk%&é, and optionally
encapsul ating themin a 25 polyneric carrier to produce tonpositions and
using such pRdtéPRAdEyst BoTFenas AhReRneE e orpvstalanerf orysbrdnedi cal

appl i cati ons, fb@ﬁhqqit?ﬁggelih\t%_r Béo‘ﬂ{postirtﬁfc?fpse%c%lc w@isgggaﬁngeY%gk es.

Addi ti onal. uses for protein crysta ormul ations and conposi tions of
30 this inventPoRUMARS| @Bdpreisiad sdel iIAGIr dimhurantbodinvagticul tura

feeds, veteripapyeganpegkthansor HraGRAS! |G m LOSIELLSS,ARd personal care
conpositions. 3 - BACK ND OF THE™I NVENTI ON Proteins are used in a w de
range of encapsulated within a matrix comprising a polymeric
10 carrier to form a composition. The formulations and
compositions enhance preservation of the native
biologically active tertiary structure of the protéins
and create a reservoir which can slowly releage active
prOtein where and when it is needed. Such polymeric
15 carriers include biocompatible and biodegradable
~polymers. The biologically active protein is
subsequently released in a controlled manner over a
period of time, as determined by the particular
encapéulation technique, polymer formulatioh, crystal
20 geometry, crystal solubility, crystal crossliﬂking 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 compositioﬁs,

diagnostics, cosmetics and personal care compositions.



applications in the fields of pharmaceuticals, veterinary products,
cosnetics and other consunmer 5 products, foods, feeds, diagnostics,
industrial chem stry and decontamnation. At times, 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 stability of the proteins, variability of performance or high
cost. It is inperative that the higher order three- dinensional
architecture or tertiary structure of a protein be preserved until such
time that the 15 individual protein nolecules are required to perform
their unique function. To date, a Ilnltlng factor for use of proteins,
particularly in therapeutic B2 B : MENTEON tivity of protein
structure to chem cal r 2ncount ered durlng 20
delivery. Various approgqh ave eg%@%& ?% w?%% %9@580%e t hese
barriers. Fbm@ﬂéﬂlCEﬁESEMapgrdavheﬁlebd$eof|pbarmetehenchmss of protein
activity or t it i t | 2|n carriers or 25
formul ati ons. eﬂ%arlagrchaflto over coér?%n#lg{gélrgr|Qre1rasgm1 h%o uré‘%’épr ead use of
proteins i cmusgmMnkedﬁaugﬂwef&&@siadladﬁMECTNE) tedheokogy [N. L. St.

Clair and MA_ 114, ,pp, ;4314-16 (19.92)]. 30 See
al so PCT patent ap%% éhtlonq¥%§§ﬁ§§%ﬁb§5ﬁ gsg Eédsgﬁ§ Hﬁeérystals
retain their &acvievideen dlmmnﬂd(hynnumsthainaselnbenahtylnncnupatnble with

enzyme funct it%%ms%"i%se%\g ri%ﬂgeggdg A}F"C{ngeﬂ}gkgﬂﬂggLex Orﬁgcriga in

which they are used. Such constraints may result in

10 poor stability of the proteins, variability of
performance or high cost.

It is imperative that the higher order three-
dimensional architecture or tertiary structure of a
protein be preserved until such time that the

15 individual protein molecules are required to perform
their unique function. To date, a limiting factor for
use of proteins, particularly in therapeutic regimens,
remains the sensitivity of protein structure to
chemical and physical denaturation encountered during

20 delivery. ‘

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 bérriers 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



- 4 to proteases, organic solvents, high tenperature or extrenes of pH

In such environnents, crosslinked enzyne crystals remain insoluble, stable
and active. Despite recent progress in protein technology 5 generally, two
pr 6bl ens whi ch are di scussed below continue to limt the use of biological
macronol ecules in industry and nedicine. The first problemrelates to

nol ecul ar stability and sensitivity of h|%her order tertiary structures to
chem cal and physical 10 denaturation duri‘ng manufacturing and storage.
Second, the field of biological delivery of therapeutic proteins requires

t hat vehlclestbe grQV|ded whi ch releg t|¥H_ rotelns such as proteins,
gl ycopr ot ei nst° A B85 4nt PHEAPES, SRV, ﬁﬁﬁﬁ@ SSTPES 3 UTds Und pept i des

at a rate thatxtsemonsost pat V\ﬂhhsut:heemad%rmfentt@e Rafddsqulnkepat i ent or
t he di sease. %rocess. N@c%onn ecul e, Staq ty N r.ous factors

di fferenti at BF GMOgFE¥P 258 FERPORDEBERLED %Rt idtfeni cal
entities, such as for Béanpte rtbeht @mb@me%@nh®rm@dﬂ@&na&@cﬁﬂﬂﬂb ilic
nat ur e. r onol eCULfy ptible to chem cal, but also

physi cal degr&datid T @9 8F8b2§%§|vg&g%t&r§ PaSiC¥Ey 6k PEARM onnent al 25

factors, SUChxa$*imMQ6tatﬂiﬂltoxhdlﬂségo&gbﬁb&ogﬁﬂal maeeahdd.e csNakd ng and
shear stress Chohg wi nski gl kel a?d Horn, H., Acta Helv., 71
405 (1996)). TR et ah IaeﬂiaEJrB?ml e&“h‘lee f&5 tdPEGPdETeFSpRERS to

stability facieXscuust Healsohstdesed vBABiIEHOASNGrani3Bepr addeli on

process. tertiary structures to chemical and physical

10 denaturation during manufacturing and storage. Second,
the field of biological delivery of therapeutic
proteins requires that vehiéles be provided which
release native proteins, such as proteins,
glycoproteins, enzymes, antibodies, hormones, nucleic

15 acids and peptides at a rate that is consistant with.
the needs of the particular patient or the disease

process.

Macromolecule Stability
Numerous factors differentiate biological

20 ‘macromolecules from conventional chemical entities,
such as for example, their size, conformation and
amphiphilic nature. Macromoleculeé are not only
susceptible to chemical, but also physical degradation.
They are sensitive to a variety of environmental

25 factors, such as temperature, oxidizing agents, pH,
freezing, shaking and shear stress [Cholewinski, M.,
Luckel, B._and Horn, EB., Acta Helv., 71, 405 (1996)].

In considering a macromolecule for drug development,
'stability factors must be considered when choosing a
30 production process. o
Maintenance of biological activity during the
development and manufacture of pharméceutical products

depen@s on the inherent stability of the macromolecule,



Mai nt enance of biological activity during the developnment and manufacture
of pharnmaceutical products depends on the inherent stability of the
macronol ecule, 5 as well as the stabilization techniques enployed. A
range of protein stabilization techniques exist; including: a) Addition of
chem cal "stabilizers” to 5 the aqueous solution or suspension of protein.
For exanple, United States patent 4,297,344 discloses stabilization of
~coagul ation factors Il and VIII, antithrombin Il and pl asm nogen agai nst
heat by adding selected am no acids United States patent 4,783,441 10

di scl oses a net_hod foJ?ri % prot ei ns g(%/ addi ng surface-active
subst ances. United Satds éﬁ@' LIt Bey f QU bERSS aeRHRE ABACH or A
stabilizing | meardeuki rpdwesimgs tHEN A&er 16h af et TqudBec gt apback  of such

met hods i s that, eaﬁ]ﬁzh formulation is specific to 15 the protein of interest
and requires 5| devel opnment efforts. b) Freeze/thaw nethods in

which the preparation is)ni xediditivr of yopmetect antt apd) stered gt very
| ow t enper at.ur protelns 20, will _survive a freeze/thaw

& However, nat al
cycle. c) Cold i’toraa CqHY 17O o tHPERIAN i Ve, PTROERER Iy §PYcerol . d)

Storage in the eg:lamiﬂe‘ orumitagi destidsheshtdrt Unized Statesspatent 5, 098, 893.
In this case, 3&%& t.eins are dissolved in water-sol uble or water- :

swel | abl e subst® iRl 039 HEC syt angelll,

antithrombin III and plasminogen against heat by adding
selected amino acids. United States patent 4,783,441

10 discloses a method for stabilizing proteins by adding
surface-active substances. United States patent
4,812,557 discloses a method for stabilizing
interleukin-2 using human serum albumin. The draWback
of such methods is that each formulation is specific to

15 the protein of interest and requires significant
development efforts. '

, b) Freeze/thaw methods in which the
preparation is mixed with a cryoprotectant and stored
\ at very low temperatures. However, not all proteins

20 will survive a freeze/thaw cycle.

c) Cold storage with cryoprotectant
additive, normally glycerol.

d) Storage in the glass form, as described
in United States patent 5,098,893. In this case,

25 proteins are dissolved in water-soluble or water-
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 lyophili;ation [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



e) The nost widely used nmethod for the stabilization of proteins is
freeze-drying or 30 |yophilization [Carpenter, J.F., Pical, MJ., Chang,
B.S. and Randol ph, T.W, Pharm Res., 14: (8) 969 (1997)). Wenever
sufficient protein stability cannot be achieved in aqueous solution,

| yophi lization "provides the nost viable alternative. One - 6 disadvantage
of lyophilization is that it requires sophisticated processing, |s.t|ne
consum ng and expensive [Carpenter, J.F., “Pical, MJ., Chang, B. S = and
Randol ph, T.W, Pharm Res., 14: (8) 969 (1997) and 5 literature cited

therein]. In i1 if lyophiljzation.is not carried out carefully,
nost p%epara??g%%&gg%t% e|%gsfy $f?éFF§l&@néﬁhﬁ@ﬁ“b%ﬁﬂﬁ?q##%%%|ng and

i speh bt thete@chnbaeesidhe ikesuhle icoid@aYRNtdnG i rreversible
oY onation o O e LD rende?ﬁag a formul ation

aggregation of g .10 rtion_of protein_nol ecul es, _
u%gccgptable f%ﬁb%%ﬁgﬁ etéﬁr%%%E%{St aFrOnglF? e Vast néhemay B ot protein
fornul ations grddveredd ght he.wbovendescr Rbed, t eghniggues g equids cold

storage, s tyi ow as -20C Exposure to 15 el evated tenperatures
during shiggfﬁﬁnggrs %#%mﬁf%ﬁﬁléﬁ%%%&g?rn SPgAPPLEER adthi vity | osses.

Thus, storage lyaiplel ez techn ais even @@bfgéa b?ﬁp%&&%&gﬁqy,i%éﬁy possi bl e
for man r ot ej ._ Pr.ot ei ns eptides and nucleic acids are .
increas?ngly gﬁ%ﬁé?@&ﬁ??%rﬁ?% tiﬁﬁﬁﬁﬁiE%fFlaaﬂégﬁ6§ﬁ¢@Feﬁo@& tdesnetic
det ergent and freseminch arichdietydessidiheseeps argeaat taead ok al tgfnative

il [ ' re fast, 1nexpensive .
Stab"'Zat'°”1%£8ﬁﬁg%k?%réﬁﬂéi f@elrreversfbl Dy yation of a

10 portion of protein molecules, rendering a formulation
unacceptable for parenteral administration.
_ . The vast majority of protein formulations
_ produced by the above-described techniques require cold
storage, sometimes as low as -20°C. Exposure to
15 elevated temperatures during shipping or storage can
result in significant activity losses. Thus, storage
at elevated, or even ambient temperatufes, is not
possible for many proteins. '
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 processl(see United States
patent 5,510,118). Forces associated with milling
nanoparticles of crystalline material of relatively

insoluble drugs include: shear stress, turbulent flow,



and applicable to a broad range of biological 25 macronol ecules. In
particular, stabilization procedures are needed that do not rely on the
excessive use of excipients, which can interfere with the functions of

t hose bi ol ogi cal macronol ecul es. The stability of small nol ecul e
crystalline 30 drugs is such that they can wthstand extrene forces
during the fornulation process (see United §t§tes patent 5,510, 118).
Forces associated with mlling nanoparticleées of crystalline material of
relatively insoluble drugs include: shear stress, turbulent flow, 7 high

i npact collisiqgns,, cayltati nd. grinding. . Small _nol ecul ar._crystall.i.ne
conpounds havqu'rhlﬁyégg%iéégégﬁi' %inﬁa%ﬁgﬁtﬁSPeaQPaQF&ngéﬁﬁrd %ﬁgwﬂtal
degr adati on t haw ladel aoremspondl ge anompboussshbived plRietalrechlghizeldileas, 5

A L., Lang, J.E, . ' J. m,Sci., 6 767 1978)] . .
Unfortunately, %cerl%yﬁ%:&gﬁdnﬁ%r%ﬁ%?fe%u'f%‘%’?rdsﬁéﬁméEaﬁr g?tegirﬁglaﬁﬁann&@laéﬁ c
aci ds, present taddidamresporptiohd earecmpidodsf Epdubt i[@d caat, ASFoci ate@dswi th
smal |  nol ecules., 10.E t.. of iS.century, Lence _and di ci_ ne have
tried to soﬁ%e%%ﬁﬁ'p#ggﬁkgﬁégﬂmﬁéé]|%bne|hsgffgﬁﬁﬁma—§§é%ﬂlEEOrﬁﬁpo
di abetics. Att efit78)Have Urbieert uretee Y p, sotrystadseodf mbbeopodbere sof
stability and biglagical. delivery of that protein._ For exanple, 15 United
States patent 5. égﬁ%%xﬁggéFi5g§¥fﬂéc%%éCOECIgﬁbrBﬁ&ﬁ§n§h§§EFﬁleBﬁﬁined
wi t h an absor btprob lentsarecet .di flihecsiot i als shat easnoulibnevasiexckmnaiyel y
anor phous nateg&alé d¥%§shown by a polarized |light mcroscope. Jensen et
al . co-precipitate& i'nsulin with an

10 "For most of this century, science and

medicine have tried to solve the problem of providing
insulin in a useful form to diabetics. Attempts have
been made to solve some of the problems of stability -
and biological. delivery of that proteiﬂ. For example,

15 United States paéent 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 pulmonéry
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 (1897)]. For example,




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 nicroneters in dianeter and
Iacklng zinc were produced by S. Havelund (See PCT patent application WO
98/42749). Simlarly, crystals were also produced in the presence of
surfactants to enhance pul nonary administration. 30 To date, those of
skill in the art recognize that the greatly enhanced stability of the

crystalline b S es does not translate to

bi ol ogi cal nﬁ%é%%g gcéﬁgégﬁﬁﬁgé nﬁlsrgg Egﬁﬁgbé@su DIRATPIRIHY Res.

14: 1379 (199@}lg¢blyemanpletab18 (aquehesdsgspensmoasﬂ&bﬁaﬂﬁaﬁﬂ&w@p
insulin are bIe to th degree of a_factor of two)

t han correspg%{]%géétggééé?ggégo %%nSESHS phag® rF%P&ﬁgghﬁfe Langkj aer,
L., Havel und, [(BXanrgel @} undangkpaer Pharm HReelpnf, 785 @h92)J1udd) the solid

State, || YEPLL) seh agmrplous 4l pybsofar e, gLable than  yophi] zed
Ri gsbee, D. R1yd®HarinzeResnorddould7inga997) s i@rUmbrb B@wb 1feorRdrat i ons of
o o Br ot of ne AR TETShu SPGB S DRORbES RORF 10T 60BODARESRES bl ot ar
wei ght has priofusatd gafé@ctPirrbl IM pf opendi Régsbe SRCDORD| epubes,. i ncl udi ng
15 their nac&ggpleqHJag3y§IHﬂ%y7hydrat|on Vi scosity,
i0 Until now, formulations of crystalline
proteins have been available only for very small
proteins, e.g. proteins with molecular weights of less
than_l0,000 Daltons. Molecular weight has profound
effect on all properties of macromolecules, including
15 their macromolecular volume, hydration, viscosity,
diffusion, mobility and sﬁability. [Cantor, C.R and
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



diffusion, nobility and stability. [Cantor, C.R and Schimel, P.R

Bi ophysical Chem stry, WH. Freeman and Co., New York, 1980]. SUMVARY OF
THE | NVENTI ON 20 W& have found, surprisingly, that biol ogical

macr onol ecul es which are not stable when held in solution at anbient or

el evated tenperatures can neverthel ess be successfully stored in dry form
for long periods of time at such tenperatures in 25 crystalline form As a
practical matter, five aspects of this di'scovery are particularly

advant ageous. First, crystallinity of stored materials is very inportant,

since large seal st.al | i an introduced as a final _
purification st gg%ﬁ%%%dn%egn r atg%ﬁ %’?éelrﬁ)p?%’ cPFﬂE%é’P manuf act uri ng
processes, s@&lysds tlHosd ifaay grenuftactand e tties apeotiesiandof vacci nes.

Moreover, |argeseale lJ.i zat i on .can ..replace ne of the purification
steps in the % ° naﬁhf%%%ﬁ??ﬁ%‘%?b@%@?&ﬁtdfié@%%%|%?9%¥%%%&%-
crystallization can streé@donte tee qmmodiectulon: ofnt orot€idon$ ormudkat i ons

making it gorg.afforda 0 ‘nacr | ecul ar_interactions which 5
occur in solutfo% afg %%g&gﬁﬁghggf §§63%£q§¥9f€au%%¥F¥ Y tHedes5t &P 1 i ne
state, due totéensirdertat|le neediettieon dofe tal Icaresicie vabY @t esqudihiusn dhe

crystalline state.l Laqyely suited to the storage of m xtures of
bi ol ogi cal na%?éngkgg&#§§.¥%6 Hirg%u§dHﬁ?%n%E¥%ﬁ o rirati®ns can be

easi |y reconsthtdued vt sugérer abe theadyoragese parneniasalof or nul ati ons
having very higR)BEOL81 Mmacromolecules.

10 Third, solid crystalline preparations can be
easily reconstituted to generate ready to use
parenteral formulations having very high protein
concentration. Such protein concentrations are
considered to be particularly useful where the

15 formulation is intended for subcutaneous
administration. (Sée PCT patent application WO
87/04801). For subcutaneous administration, injection
volumes of 1.5 ml or less are well tolerated. Thus,

\ for proteins that are dosed at 1 mg/kg on a weekly
- 20 Dbasis a protein concentration of at least 50 mg/ml 1is
required and 100-200 mg/ml is preferred. These
- concentrations are difficult to achieve in liquid
formulations, due to the aggregation problems. They
can easily be achiéved 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 1is
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 crystéls have

substgntially uniform particle size and do not contain



concentration. Such protein concentrations are considered to be
particularly useful where the 15 fornmulation is intended for subcutaneous
adm ni stration. (See PCT patent application WO 97/04801). For subcutaneous
adm nistration, injection volumes of 1.5 m or less are well tolerated.
Thus, for . proteins that are dosed at 1 ng/kg on a weekly 20 basis a
protein concentration of at |east 50 ngLnﬁ is required and 100-200 ng/m
is preferred. These concentrations are d'PficuIt to achieve in |iquid
formul ati ons, due to the aggregation problens. They can easily be achieved

in the crystallj f orJmyl at i.qn 25 of this invention. Four rotein
crystals al soair:ngnr} t}ﬁoglﬁrgec%é&t&}tceulgsrﬁ/ a%%%?%ﬁe%ﬁgeflgrﬁ\ %gﬁ 814)_' .

phar maceut i callThudos age terigparmatstal. s ﬁny(bq&ﬁd&&ngagﬁbeﬁmyfd;aa ﬁsebafls_l
for slowrele far.mul.at | i .viv of ski in e art w
appr eci at e, p%r%t%i (?I%é:réglltzcaap%rsﬁcc?fn“ioﬁpgﬁ ﬁ\%&%@?g he®Bi éE‘BbGPFBHHSf crystals
and .rel easedefvigetsi.vi tiynpllant seslesvddnvatdhafehbeal ateonf theebease 1S

nore predi gt ablee 4i.f the . Grystal ve substantially uniformparticle size
and do not %co§ ain ?E?Ouﬁém?%ﬁglug ﬁrsec‘fogi%? g3 EyﬁE?Bﬁeaﬁ patent 0 265
214). Thus, proteilatdoysiod himhy doncathardtageousqycssed {see 1PET pat ent

Goner ai |y on ERS 6t He 8ugr 381550 851 SURRITIHS VOHILe TSt riction, a

formul ation oprhifghirednce®rogeiion ciyseatler dharh19%nvenei en May My amount

of suspensi ongyghh gl ol i1 REELE I L Ron bH B LI Se8s find LS LO¥EM T O MY
10 high concentrations.

Fifth, another advantage of crystals is that
certain variables can be manipulated to modulate the
release of macromolecules over time. For example,
crystal size, shape, formulation with excipients that

15 effect dissolution, crosslinking, level of crosslinking
and encapsulation into a polymer matrix can all be
manipulated to produce delivery vehicles for biological
molecules. |

The present invention overcomes the above-

20 described obstacles by employing the most stable form

| of an active protéin, the crystalline form and either
(1) adding ingredients or excipients where necessary to
stabilize dried crystals or (2) encapsulating the
protein crystals or crystal 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.



easily fornul ated i n non-aqueous suspensions in such 10 high
concentrations. Fifth, another advantage of crystals is that certain
vari abl es can be nmanipulated to nodul ate the release of macronol ecul es
over time. For exanple, crystal size, shape, formulation with excipients
that 15 effect dissolution, crosslinking; Level of crosslinking and
encapsul ation into a polyner matrix can all be manipulated to produce

delivery vehicles for,.hialogical, .nolecul es. The present i.nvention

over cones the above- % acers‘gsrtlanegcf' )obsatyac eesenncyaq)esrrp agcyel&;gust @16(; n%ost stabl e
form of awaadidtwe qff giceliymetie camysiteadd iheer ifrgr mranpheeigrhgre r(i¥s addi ng

i ngredients ar Ci pi ents where necess t stahilize dried crystals or
(2) encapsmfludttiazjéet et p eo]tle\i'enrycPcyostcg f’sifr%rrengcr yasr} al>5%Srmitations within a 25
pol yneri ¢ earvimemranty adtce a «afffquositg apddiati c dontetiinsiseacTher ysttad  and

subsequently_all ows the release of active protejn | ecul es. y. form of
pr ot ei n,g i rﬂ%/q Lijd]ier\é\.ﬁd'l%odbl’oOtl[ gﬁﬂhes,coér}ﬁcisdotcﬁo S yrﬁz.‘ﬂge,_r%tgorrrﬁjnedge very

peptides, rEy e cdorsitad |pzedanda30 s abidd 1zetk Db yencapsitiated, dtd 1o
conpositions, according to the nmethods of this invention. In addition, the
nucl ei c acisdlszecod?%d"geo? P Friot Bt nd Ye G AN Dr st 11 The
crystal (s) drysdiei rencaps el wek tisi Hig- he 38 it lynefr polgpmestdb icairdy er s

havi ng Unl 908 BLoper (15, BulISPLe, [or, dell very,ia dif ferent and spectf1c

of theijgonpositions amtk dderefer et deldmeients or excipients to the
crystals of tHe present invention or the encapsulation of
protein crystals or crystal formulations results in further
stabilization of the protein constituent.

Accordingly, the present invention provides a

15 formulation comprising:

a) a batch-processed protein crystal, wherein
said protein is selected from the group consisting of:
hydrolases, lipases, bacterial proteins and human growth
hormone; and

20 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
25 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% (Ti/2) .

There 1is also provided a formulation comprising:

30 a) a batch-processed protein crystal, wherein

said protein is selected from the group consisting of:

hydrolases, lipases, bacterial proteins and human growth

hormone; and



of the active protein can be nodul ated by varying crystal size, polyner
conposi tion, polyner crosslinking, crystal crosslinking, polyner

t hi ckness, pol yner hydrophobicity, polynmer crystallinity or polyner
solubility. 10 The addition of ingredients or excipients to the crystals
of the present invention or the encapsulafion of protein crystals or
crystal fornulations results in further stabilization of the protein

constituent. Accordi Qﬂl t he Rr.esent i,hventiaqn e ovides a, 15 fornulation
C = 1

Y.
conprising: a) a bat pdrnoceexscslgdlepnr at e‘"ihr'lercerlynstséa'l WSS s & psradt inis

sel ect ed framttehen growgr Clorssiestimeg afat ichydrolegsed), . AP, dval t3r:i 7al
proteins anﬂddlwnﬁn growm h hornone; and 20 b) an excipient, wherein said

exci pi ent a did protein crystal are in a ratio between 0.01:99.99 and

30: 70 (WW; wherei wisatadif cramid aftdromulhasi cat Hagasit d &S o d0ogr eat er

shelf |L.fe when store t,.40 C and 75% hum di o t han a nonformnul at ed
f or m of gsaigcfeﬁ\'ncoetreiSrpeg'rés]t © WHET st reedyﬁt Ccirif&laﬂ%% hunidity, as
measur ed by drte tniues t e qlo e o ff ava itdep e i yaadd vivherofstidedraat ein to

2 bat ch i otes St TR Ayt Rera e & B art P St ed
fromthe graqiwcionsict it frotdivdrial askesseddpasesodact,ef)i.al proteins and
human growth horm)ne;I; and lla sg%_an 8X i pi ent, v‘\ggae_i n said exci i:ent and
said protein crystall ¥ i £ |Fbmoe"t‘¥%é£r? TGS PP T PR R g
10 a) a batch-processed protein crystal, wherein
said protein is selected from the group consisting of:
hydrolases, lipases, bacterial proteins and human growth
hormone; and
b) an excipient, wherein said excipient and said
15 protein crystal are in a ratio between 0.01:99.99 and 30:70
(W/W) ;
wherein said formulation loses less than 20% o-
helical structural content of the protein after storage for
4 days at 50 °C, wherein a soluble form of said protein
20 loses more than 50% of its o-helical structural content
after storage for 6 hours at 50 °C, as measured by fourier
transform infrared (FTIR).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
25 sald protein is an 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 has at least a 59 fold
30 greater shelf life when stored at 40 °C and 75% humidity

than a nonformulated form of said protein crystal when



(WW ; wherein said formulation has at |east a 60% 5 greater shelf life
when stored at 50 C than a nonfornulated formof said protein crystal when
stored at 50 C, as neasured by the tine required for the specific

activity of the protein to decrease by 50% (T1/2). There is also provided a
formul ation conprising: 10 a) a batch-prpcessed protein crystal, wherein
said protein is selected fromthe group consisting of: hydrol ases,

| i pases, bacterial_.proteins hu .ar.Qwt h _ _hornone; and an .exci pi ent,
wherei n sai’ Oé)?(??ﬁiter?&t and; asn§q375°lg%§1rlg{lg—’lyﬁ grsyg}eglsugreélaibﬁ’ ta%)hreag_‘ll(r)nebet ween
0. 01: 99. 99 ranth i3@&d/For WY speashieried racgaivd thorafultate grrdteses tdoess t han 20%
a- helical t&uctur%%lgﬂﬂt%q; gf the protein after storage for 4 days at
50 C, wher &7 @561 4Bl € foormiét “sai d protein 20 | oses nore than 50% of its
a-helical structural Teteents adfdcerprstvdrdege & diorthlieriomicd G siasy:
measured by fourier tran fq;Q%jnfraredcéFTlR o Ther% i.S alsoeﬁkgvided a
formul ati on conpri si fg: ° 23‘3 & bat P e $5ET P ot 6w stRer rein 25
sai d prot eigaiics parotexirdase eanpueia sancriy)yran exel pi ent, wherein said

exci pi ent and said ﬁ)r otein crystal ar%ﬁi n.a ratio between 0.01;99.99 and
30:70 (WW: wherei ©)s&’d FSRnA T on IdS At 99685 %8 159 501 @BFGrkat er
shel f |ife paeareist ardatl 40-Ciand afilumedivesn tohan :@ ney emaulzt:edh f orm

of said protwte/'ﬁg crystal when - Ilb stored at 40 C and 75% hum dity, as
measured b Time
10 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 protein to decrease by 50% (Ti,2).
15 There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
said protein 1s an 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
20 (W/W) ;
wherein said formulation loses less than 20% o-
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 o-helical structural content
25 after storage for 6 hours at 50 °C, as measured by fourier
transform infrared (FTIR).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
salid protein is human serum albumin; and
30 b) an excipient, wherein said excipient and said
protein crystal are in a ratio between 0.01:99.99 and 30:70
(W/W) ;



required for the specific activity of the protein to decrease by 50%
(T1/2) . There is also provided a fornulation conprising: 5 a) a

bat ch- processed protein crystal, wherein said protein is an oxidase
enzynme; and b) an excipient, wherein said excipient and said protein
crystal are in a ratio between 0.01:99..9% and 30:70 (WW ; 10 wherein
said fornulation has at |east a 60% greater shelf Iife when stored at 50 C

than a nonfornul at edwr}‘eorrenfnof s rmoxfl%{tr}, cnr)flstalat sctoreqﬁ) att 1 0 C, as
i Vi e protein to

measured by the tine reqwre e speci
decr ease by r=00%-(rT, s’l@lﬂaﬂﬂaemhers sadc&@q)radylélcoed’(hafrw mﬂ@mxmricnmyprl si ng:

2 aachiecessed PUOLELIL SLUSLA MISTSl Re Rl RGN 0, O dase
crystal aretaread reat i40 bet weeh TR0 HBEO S N s3GieAurd BW WhHe whieteei n sai d

formul ation | oses an 20% hel i cal. struct raI caont.ent_ of the

pr ot ei ngafteer us]to[Jalgts tll}‘ fpaea% Yt B %e&gl S RFSIHIE %r m of sai d

protein | akesdmre ht;h&r[)éO%@;f its a-heli caI structural content 25 after

storage for 6 hours rreasured b rler t.ransform.nfrared

(FTIR). There is aI vﬁ ¥ fporr%iﬁda‘*ﬁy Oo'i%]]astﬁ?d‘ coprgsing:

bat ch- processed prot el naCI‘k;kSic&i ,pr\Mt&l’sﬁﬂem pRaitipr aieidrdls huedeiser um

al bum n; ndlﬁjo b}% an, exci ent V\herelaglé)sal d excipient and said protein
arednw &

crystal %58 b]est WD, T Y. 9 BHd 30 (WW;

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
15 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% (Ti,2).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
20 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 loses less than 20% o-
25 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 o-helical structural content
after storage for 6 hours at 50 °C, as measured by fourier
transform infrared (FTIR).
30 There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
sald protein 1s an enzyme selected from the group
consisting of: isomerases, lyases, ligases, adenylate

cyclases, transferases and oxidoreductases; and



-11c wherein said fornmulation has at least a 59 fold greater shelf life
when stored at 40 C and 75% hum dity than a nonfornul ated form of said
protein crystal when stored at 40 C and 75% hum dity, as neasured by the
time 5 required for the specific activity of the protein to decrease by
50% (T1/2) . There is also provided a fiogrqmul ati on conprising: a) a

bat ch- processed protein crystal, wherein said protein is human serum

al bum n; and 10 b) an. .excip - rej idexcip - j rotein
crystal are in a rat :130) )l%(e\dt \E\Hk)gér}tpole\éwﬁﬁ“% and 5%(&176@ E\Lﬁ%q Sa\E/Idno(ejrsea}qr(llosai d
formul ati oprvasiat dmeestala B irgreeatadrl s tfwedan & e Bt edhaat3BI C t han
a 15 nonfor(r‘;\l{l/l@t_ed formof said protein crystal when stored at 50 C, as

h

measur ed by time required for the specific activity of the protein to
decrease by 50% ( T1/ 2hekwsire dasidhl Sormpriatiided e f artmilleststore ddhpfrdlsd ng: a)
a batchzprocessed protein .c el i 2 N, | S n serum
al bum n? arid eba)stearn Sehxecl:afpiqeln]{(%ls('}vaa'uéenr egll%ergeéii cril’1 te>2<4((?:b| ;D?de%[r{%%g}ﬁ sg}déﬁ O[&?Cg?ei n
crystal arehan & matrfohetlserd Cddn 9 Ihighd B3kt (AWIWgl whierei n sai d

fornmul ation | oses l.ess, than 20%.a- .25 .helical_s C ent_.of the
protein af t%6r° rsetdgraatge oi@ x Oga@%’ a}%u%ajlj]e]&}p’v\haesr grlfe;é Sta&%e?ﬁ ur%{) enct }*eortrﬁqrgef sai d
protein | asegiinmye fdantb%wicifisc adtelvidat of riist wraltionttent  after
storage for, 6 hours bat éé)g CTas) measured by fourier transforminfrared
(FTIR). 36SifgiaS £%I30° pr'dvi'ded a formul ation conprising:

10 There is also provided 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
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 has at least a 60%
greater shelf life when stored at 50 °C than'a
20 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% (Ti,2).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
25 said protein is an enzyme selected from the group
consisting of: iscmerases, 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
30 (W/W);
wherein said formulation loses less than 20% o-
helical structural content of the protein after storage for

4 days at 50 °C, wherein a soluble form of said protein



a) a batch-processed protein crystal, wherein said protein is an enzyne
sel ected fromthe group consisting of: isonerases, |yases, |ligases,

adenyl ate cycl ases, transferases and oxi doreductases; and - lid b) an
exci pient, wherein said excipient and said protein crystal are in aratio
between 0.01:99.99 and 30:70 (WW ;_wherein said fornulation has at | east
a 59 fold 5 greater shelf life when stored at 40 C and 75% hum dity than

a n.onf or m‘”l%ts%% fm%r Q:E'la%}aiS%%p.ront %.I‘J}, %{—}ﬁsetl Icfa es rusc:tt(?.lrr%,cj.r .acton4c0 ncé .and 5%
hum dity, as neasured by the tine Tequire or the specific acetlwty of
the protei rftter decreagse for SOBQUEY 2t FO Tier @s mealssoaur dwi dedirmer

formul ati on _comy i si nlg}l:fraar)e (t}aIt -processed protein crystal, wherein

said protein 1s an enzyne sel ected fromthe group consisting of:

i sonerases, |yases, |Thgasesis adesvy|patcerideyllaagesrnutlraansire rcases iaricthg :

oxi dor educt ases; and 15 b) an.exci pient,. wherei.n said_ excipient .and said

pr ot ei ngjcrystal are iaﬁ a rba |Coh erto\%eeesnse'(? FLY 99 C&H&@éﬁ’?dme(w; wher ei n
sai d fornulsaticdomprasiat ilseastt e G%utgreeatrert esigl farld f e when stored at 50 C
than a 20 nonf or nul atbﬁg form of .sai.d protei.n Cshyidt al when stored at, . 50 C,
as measured by the tite FedquiTed For (HE$PeeiFi eé‘ccilip\ﬁeffF GG it ot ei n
t o decr easedyt L0 odrildt2)l abterian is raltsio reaawedad Oa oflarotulot ier Gu¥prd si ng:
a) a batch-(me_ssed protein crystal, wherein 25 said protein is an enzyne

selected fr He group consisting of: isonerases, |yases, |igases,
adenyl ate 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
15 decrease by 50% (Ti,2)
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
sald protein is a therapeutic protein; and
b) an excipient, wherein said excipient and said
20 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
25 50 °C, as measured by the time required for the specific
activity of the protein to decrease by 50% (Ti,2).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
salid protein is a therapeutic protein; and
30 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-



cycl ases, transferases and oxi doreductases; and b) an excipient, wherein
said excipient and said protein crystal are in a ratio between 0.01:99. 99
and 30: 70 30 (WW; wherein said forrulation | oses |ess than 20% a-
helical structural content of the protein after storage for 4 days at 50
C, wherein a soluble formof said prategijy -- 11le |oses nore than 50% of its
a-helical structural content after storage for 6 hours at 50 C, as

measured by fauri.er . transforminfrared (FTIR). . . There s al.so provided a
f or mul at i o%leclolr(r:ﬁrll ssltrﬁﬁl:C%USrag‘) 'y r%a n%h-c%r ot(?eesst)er 5P éaiefr?ecrr VAR IS ei n
sai d pr ot eidn dagsa dthérapayt iwhepredtreian;scdnd ) fanrmexdi piadnt prwheriei n sai d
exci pi ent and sai d rotein crystal _are.in.a ratio between 0.01:99.99 and
30: 70 (W Sero reefetlc?lr?nséocf fozfﬁ mut“at gne l<'§1:salatStIreuacgttur q‘5§ofno ed]% greater
shel f |if e afttenr sttaredieatf 40 6C rand: s7%% oM °di,t ys trkears uaenbifyo rfrmulratead f or m

of said.protein crystal. when ?Toir d at 40 C and 75% hum dity, as neasured
by the ?i rr%rarnesqtﬂr?'{ne forr“’”‘ﬁtehde pecRﬁf'i c activity of the protein to 15

decrease by 50% ( T1l/ 2)hekreries issl sal goropricdided fa drlmdiatn aomgonpsiirgj:ng:  a)

2, batoh-pr ocessed o1 el Sl WIS 138 0L | 5,5 Lt vt ¢
crystal aredinl dcatdion het weenr A0 @ t9Yeand a3 70 (WW; wherein said
;or mul ati on has at | %e}stana e6x0co/fpi nete}t ewrhesrhee:lln1c slaiifde ev;{kg:eirgjisetn r%%datsaSiOd C than
10 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
15 stored at 40 °C and 75% humidity, as measured by the time
required for the specific activity of the protein to
decrease by 50% (T1,2).
There is also provided a formulation comprising:
a) a batch-processed protein crystal, wherein
20 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 60%
25 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 protein to decrease by 50% (Ti,2).
There is also provided a formulation comprising:
30 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) ;



nonformul ated formof said protein crystal when stored at 25 50 C, as
nmeasured by the tine required for the specific activity of the protein to
decrease by 50% (T1/2). There is also provided a fornulation conprising:

a) a batch-processed protein crystal, wherein said proteinis a

t herapeutic protein; and 30 b) an excjgh&gtd wherein said excipient and
said protein crystal are in a ratio between 0.01:99.99 and 30: 70 (WW ;

wher ei n sm(jfornulauﬁg}l.sesjkp%%rl& hel i cal f&g%gturm

0% g - 11f
content of the protein af?érsgﬁorage §%t%£éhgﬁ$§§ %%fﬁ:thﬁﬁéreln a sol ubl e

form of sai Hepriokéi striucsesaiorentkan 5%:bk prrstaihekiftalr stopueatyer al

content after staqrage _for..6.hours at .50 _C_ as asured by fourier 5
transforn1i%PFa?e%aggTF§)§o T%érg%Fgeépsg SP§9P gd%grﬁopﬁu 8t on

conpri si ng: prakeanbaveckspmocessednptodtteiol drpstahe lwkealeisn rusaudagrotein i s
a protegn ant | en. a %eg)s%%rexci i%n%, %hegei@ §%id exci_pi ent a%% %aid 10
protein cry§9§l AreSim A Pati’éd et wee 8.6f:9§.9 a 8’38§78€afﬁf LY

wher ei n sai doherieul atriaos floas dnhflreastd dFFIRHold greater shelf [ife when
Crystal when 15 stor SFRE 40 R PRI ATy s Cfeddlh ¢4 B R e |
requi red farcddirelispedd ishyaetibddiyneoft tdfe gireotieivieritd ordder aaze by 50%
(1), There, e olog o ded [l 90 SOmUSIE, ) & s,
antigeny amd a condition in a mammal.

There is also provided a process for producing
microspheres by encapsulating protein crystals while
maintaining their crystallinity, comprising the steps of:

(a) suspending said protein crystals in a

15 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

20 (c) hardening said polymer by evaporating the
organic solvent in the presence of said emulsifier to
produce said microspheres.

There is also provided a process for producing
microspheres by encapsulating protein crystals while

25 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

30 protein crystals, polymer and organic solvent to an aqueous
solution; and

(c) hardening said polymer by evaporating the

organic solvent to produce said microspheres.



b) an excipient, wherein said excipient and said protein crystal are in a
rati o between 0.01:99.99 and 30: 70 (WW; wherein said formul ati on has at
| east a 60% 25 greater shelf life when stored at 50 C than a

nonformul ated formof said protein crystal when stored at 50 C, as
measured by the tinme required for the specific activity of the protein to
decrease by 50% (T112). There is also provided a formulation conprising:

30 a) a batch-processgd gy %ﬁ%ﬁ%{\filOE év@g &A@ protein is a protein

antigen; and b) an e ; nd said protein
crystal are in a ratitbhdisterderep i@l s03M¥0 i t3Fe/GtabWiMty, of The wherein

sai d fornulati,on .l oses | ess tha 0% a- | ical structural content of the
protein af tf"e%’rl ls or: emO]’feocru frdasg}sazca s §0f g,eanvﬁilec}raei nugfssaollulﬁaesef'or m of said
prot ei n | oses gudrien Kdvarars(96rafud,t sliapdied,i caly sstarllidtngr dln 2 0¢ontreydniaf t er
storage_for hours at 50 .C,, as measured by . fayrier transforminfrared
(FTIR).> TK&d elngc ’alcsroosps(r)lolvch?ecg the L?slgllo eytlhne%be(rfr RASEE Sh S A0 r£di ng to
any enbodi rents «afirtkdeel idwerttd 1dni rien wighoylr epayaatiicos adfvem tmedixdamsd for t he

prevention or freatnment 10 aof, g conditi.on.i manmal . There is al so
provi ded apﬁrtocége?qmgers prioUi 'lﬁa(e 'pcrreocslﬁf‘etl’aer{se%by encapsul ating protein
crystals while maint@Eiqury 24 hidgi sy sirad |dpddiyg i € erquriisityg dihes slihigpse of :
(a) suspending said protein crystals in a 15 pol yner dissolved in an
organi ¢ solhM@sa ®Vodudee cdat®t “Cprotein crystals in a suspension;

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

Figure 5 depicts lipase crystals formulated with

polyethylene oxide at initial time O.



(b) transferring said suspension of coated protein crystals, polyner and
organi ¢ solvent to an aqueous solution containing an enulsifier; and 20
(c) hardening said polyner by evaporating the organic solvent in the
presence of said enulsifier to produce said mcrospheres. There is al so
provi ded a process for producing mcrospheres by encapsul ating protein
crystals while 25 maintaining their cry§tféllnity, conprising the steps of:
(a) suspending said protein crystals in a polynmer dissolved in an organic
sol vent to produce coated protein crystals in a suspension; (b) .

transferring said suspegps] o] : 3Q . tein crystal | ymer and
organi c sglgentlto ;npagzgggg %sgggﬁggﬁ;q§'§gf%?r éFééﬁlﬁ?Eﬂﬁiﬁﬁﬁéyner by

- evapor ati ng twethopgartthgbenenoxtdepeddese isaiutbatiionosiphene dayssh BRI EF

DESCRI PTION QR T, Egugygxﬁgfiggﬁgd}tgepicts the relative stability of the
fol | owi ng. nolecul ar States of ndida”fugosa |ipase: crosslinked: '

anmor phous, liquid, crysFagbree’i depdedor amian 5esahyanbuntnossdyigteds
o yanre o AN ORISR 1e W R
depicts the specific actiguty 8fdsplablsehumiapaserowes lbum natcrddtGls10
red by metHa 1 0 6 SR Test huat ey SRENBaFaoY dag & €Re Kol 1
stabilities &f0|ipase
Figure 9 depicts the specific activity of
10 soluble Penicillin acylase over time at 55 °C.
Figure 10 depicts the shelf stabilities of
various 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
vérious dried glucose oxidase crystal formulations at -
50 °C.
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.



crystal formulations dried by nethod 4 at 40 C and 75% 15 hum dity. Figure
5 depicts |lipase crystals fornulated with polyethylene oxide at initial
time 0. 12 Figure 6 depicts lipase crystals fornulated wth polyethyl ene
oxi de after incubation for 129 days at 40 C. and 750 humdity. Figure 7
depicts human serum al bumn crystals 5 fornulated with gelatin at initial
time 0. Figure 8 depicts human serun1alguggn_crystals formul ated with
gelatin after incubation for 4 days at 50 C Figure 9 depicts the specific
activity of 10 soluble Penicillin acylase over tinme at 55 C. Figure 10

depicts the shelf StabiI§$§@§eOﬁ%vééé9@§sdé'SQpEEDE?EElEQ ggXE§§§Fcrystal

formulations at 55 C . Figure picts the specitic activi 15
sol ubl e gl ucosa Ricddasey Dk s to freberF guk kil 2adepeses frhe &kehbrsicabial iti es

of = various dQLEHiglucose oxi dase crystal fornmulations at 50 C. Figure 13
depi cts gl ucose " oxidase crystals 20 fornmulated with lactitol at initial

time 0. Figure 14 depi ctE gineos® depidase atyspabsatéar gbabed1vnklbd
oxi dase of yot SRSV FORTHA S & AT G+ GHHT GRSy Bt S PnF EPRl PEPRECOCRPgUr o 16
depi cts gl ucosg oxi dase crystals
Figure 21 depicts encapsulated crosslinked
enzyme crystals of glucose oxidase from Aspergillus
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 ehzyme

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 exXpression is intended to be inhibited.



fornmulated with trehal ose after incubation for 13 days at 50 C. Figure 17
depi cts encapsul ated crosslinked 30 enzyne crystals of |ipase from Candi da
rugosa. Figure 18 depicts encapsul ated uncrosslinked enzynme crystals of

| i pase from Candi da rugosa. 13 Figure 19 depicts encapsul ated crosslinked
enzynme crystals of Penicillin acylase fromEscherichia coli. Figure 20
depi cts encapsul ated uncrosslinked 5 enzyne crystals of Penicillin acylase
from Escherichia coif Figure 21 depicts encapsul ated crosslinked enzyne
crystals of glucose oxidase from Aspergillus niger. 10 Figure 22 depicts.
encapsul at ed uncr oss| i nkgde g @024, G{ ¥SLAL Seft glucose oxi dagg fiom
Aspergillus niger. Fi aqueous slurry of
uncrossl|nkedﬂ@ﬁ@Vﬂ%&@@y@%a¢§g%ml¢|%@%éeﬁtonw 5 ePgevdometasedepad

Figure 24 de 4 O, d y Ls, of Iipase fron1PseudonDnas
cepacia. DE AIf%BPEE d%%%%%%ﬁf ﬁﬁ%%%eThééNipgNﬁln order that the invention
herein descrlbed 20 1 GeOIpe Bl 1B L | HO 4 F ~t00dPOﬂm@eﬁ@lMQMLngHa%talled
descriptiof I omln { ddc | Mblie AESCh gealge chNgaslalay ngerms are

enpl oyed: Annrp ous o) -- a non-crystalline soli {Brn1of protein,
soneti mes ref@T@ENQFERBEC anplphioRslc and which are not otherwise

inherently incompatible with living organisms.

Examples include: poly (acrylic acid), poly
{cyanoacrylates), poly (amino acids), poly
10 (anhydrides), poly (depsipeptide), poly (esters) such
as poly (lactic acid) or PLA, poly (lactic-co-glycolic
acid) or PLGA, poly (P-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&camihoglycans, 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 precipitate, which has no nolecular lattice structure characteristic of
the crystalline solid state. Anti-sense polynucl eotides - RNA or DNA which
codes for RNA, which is conplenmentary to the nRNA of a gene whose _
expression is intended to be inhibited. 14 Aqueous-organic solvent mxture
-- a mxture conprising no organic solvent, where n is between 1 and 99
and m aqueous, where mis 100-n. Bioconpq;iggq_polyners -- polyners that
are 5 non-antigenic (when not used as an adjuvant), non- carci nogenic,
non-toxi c and which are not otherw se inherently inconpatible with living

i . Ex i e acr ci.d) noacrylates ),
pol'y (am o act %) o BEH I T REAYGH EScRBhs palBerpubEracrs. poly
(esters) such Qﬁquay foumelat aon dihat EféecpelyhélFchb¢i¢$ygb§0®ﬂU@

id PLGA, b at e rol actone) and poly
?g:oiaggne) péﬁp‘% %%?¥g%%§¥d$§c%ﬁ %ESFg %(ﬁ& 9?8 opyl ) met hacryl ani de,
poly 15 [(organo)phosphaz@@gﬂgep@ﬁys%@aghﬁoes er)anpobMaﬁgenyb ?Icohol)

I I | et her copol yners
Uy oni ¢ pol oI B Bt e i et alettundi MY cr Brasetenrvar i ves
col | agen, f|bnnuckﬁﬂeuaaudrq&ysMamu@racrﬁstam OerQSaﬁﬂaﬁldﬁaer

glycanlnoglycan fated pol sace rides | ends and co mers thereof.
Bi odegr adabl e po%ﬁ%ﬁ%@qg ‘Vﬁé taﬁEQ?§6595§ ﬁ?d?%?ﬁ@? Cgi

Solubl|IzatlOnpﬂﬁﬂﬁwﬂbuIbﬂth(pﬂBiKﬂ*Eﬂ&m@gEQ@HSive,OE@U@IUﬂgoﬁrl”ari|y at
the 25 particl g.syrfac as cené%%ﬁp & Q&iuf_ QEQE?QéPnggﬁgﬁYcal
10 agitation and filtration pumping.

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

15 coated particies: Aé 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-polyvmer -- 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



t hr oughout the polynmer matrix, or a conbination of such processes.

Bi ol ogi cal macronol ecul e -- biological polynmers such as proteins,

deoxyri bonucl eic acids (DNA) 30 and ribonucleic acids (RNA). For the

pur poses of this application, biological macronol ecules are also referred
to as macronol ecul es. Change in chem cal conposition -- any change in the
chem cal conponents of the environnent 1 surrounding a protein or nucleic
acid crystal or crystal fornulation tha Saffects the stability or rate of
di ssolution of the crystal conponent. Chance in shear force -- any change
in5 factorsrgf t@% energﬁneEE surr%ggding a protein or nucleic acid
crystal or cFySEAl>t BFAIPECCEA*dnd8r TRE&GRIYS Wn2seS - SucRassetEhanges

i n mechani cabtrprésser ef Hethlposihidvedand Mwagadvi-vie; 1Y evigbWt vopy, stirring,
centrifugati t unbl i ng, chani cal 10 agitation and filtration punping.
Conposi ti on ?gsgftReh)UnchgsFFHEgaaﬁrSFé%We(ﬂﬁ%ﬁ%ﬂ%,l%Y%%§+@ﬁk@aYprotein
crystals, nubkepeocaeid, glysbakstetinfopytatdeOnsoshndsg them which
have beeg iggagsula ed within a polyneric carrier to form 15 coated
particles: B5BHCHEF&i RFCEGMPBsi PForNAl Wy &NA &g of @hcapshil at ed
crystal s or peotwiasions. Controlled dissolution -- dissolution of a
protein or nucleic aci or crystal fornulation or release of the
crystalline constitue -BBOESLRuRa Ny ledg Adiddnrvsiiaksl by a
factor selectedovalootthetgtpuprganststongedfc the ifiefd ;g hde sy face

means including drying with N,, air or inert gases,

10 wvacuum oven drying, lyophilization, washing with a
volatile organic solvent followed by evaporation of the
solvent, or evaporation in a fume hood. Typically,
drying is achieved when the crystals become a free
flowing powder. Drying may be carried out by passing a

15 stream of gas over wet crystals. The gas may be
-sele;ted'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 thé
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 formu;ations) --- 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



area of said crystal; the size of said crystal; the shape of said crystal
the concentration of excipient conponent; the nunber and nature of
excipient 25 conponents; the nolecul ar weight of the excipient conponents
and conbi nations thereof. Co-polymer -- a polynmer made with nore than one
nmononmer species. Crystal -- one formof the solid state of 30 matter,
which is distinct froma second form-- th anor phous solid state.
Crystals display characteristic features including a lattice structure,
characteristic shapes and optical properties such as refractive index. A
crystal consists .of. ato r in a pattern.that 16 epeat s
periodically i tr}13§:tl%rleag) 'd%ﬁgi%%%?ﬁ@sﬁgr?%ﬁ?lsS?Pﬁitlﬁ?élg?’ Metal s, 2nd
ed., MG aw Hi ["forNawaygidns" 1982 ude 1crydealrstmbsaofiohhe. present

i nvention may r in, gl r.at.ei n,_.peptide, aptibodies, 5 therapeutic
proteins, or %gge%&ﬁr%ddi%%&%ggggﬁtrksprgﬁ%l%%? EP§?ﬁ§leébr%?%$ﬁlgr '
Nucl ei ¢ Aci d Cegsidales ystarlerfovaiuleft iwat€l., organic sol vent or liquid

pol ymer by cnmeans includ%ggﬂﬁﬁgl%%ﬂgt :ﬁeégﬂ or.ingrt gases, 10 vacuum

oven drying, IyophiIizatrUnT—ma§ﬁrng-ﬁ#?ﬁLa——vﬁ$%¥%¥%—%9%anic sol vent

fol | oned by evdpomatliagnoofs tslked ect@ldy éitgm drheevapow@at consi gt end use: hood.
stals becone.a free flow ng

Typically, dryi i i.e en _the cr _

powder . EXying¥ﬁg%u%§tgggﬁi§§§O§ECSFHﬁﬂiﬂ o A 1% s ?%Eﬂﬁ%i WAt over wet
crystals. The basbhmydee, selsectted ifdeam tdeess igiraige € casd Sén g smermt 4 T ogen
argon, helium, _cathan dioxide, air or conbinations thereof.

10 Gene therapy -- therapy using formulations

and/or compositions of DNA coding for a protein which
is defective, missing, or insufficiently expressed in
an individual. The crystals are injected into non-
proliferating tissue where the DNA is taken up into the

15 cells and expressed for a period of one to six months.
The expressed protein serves to temporarily replace or
supplement the endogenous protein. Gene therapy can:
also serve to inhibit gene expression by providing

) transgenes with the gene orientation reversed relative

20 to the promoter so that antisense mRNA is produced in

vivo. | ' |

Glvcoprotein —-- a protein or peptide

covalently linked to a carbohydrate. The carbohydrate
may-be monomeric or composed of oligosaccharides.

25 Homo-polymer -- a polymer made with a single

monomer species.

Immunotherapeutic -- a protein derived from a
tumor cell, virus or bacteria having a protein activity
of inducing protective immunity to said tumor cell,

-30 virus, or bacteria. An' immunotherapeutic may be
administered 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



Effective ambunt -- an anount of a protein or nucleic acid crystal or
crystal fornulation or 20 conposition of this invention which is effective
to treat, imunize, boost, protect, repair or detoxify the subject or
area to which it is admnistered over sone period of tine. Emulsifier -- a
surface active agent which 25 reduces interfacial tension between polyner
coated protein crystals and a solution. Formnulations or (Protein or
nucleic acid crystal fornulations) --- 48conbi nation of the protein or
nucleic acid crystals of this invention and one or 30 nore ingredients or.
exci pients, including sygars and bioconpatible polyners. Exanpl es of
exci pi ents afé? lﬁﬁiqq1ﬁiﬁp¥%ﬁﬁﬁx) € ot BHRE nBéB8hENchP EEBPEFents,
publ i shed j oigit ley ik ddtee Awird candhasdBCeUriead oAseeetatign and the

Phar maceutical Society of Geat 17 Britian.. For the purposes of this
application, "fornul atieREd (RRIVREL o7 RELE ibﬁﬂﬁ@aPﬁ%ﬁ%"?YnFBFFH§rnDre,
"fornul ati ongoliyairgde sydtoted pdry-aich ¢l éne agi ges1 ystat) f o Aukaki ons”. 5
Formul atigns for decontami nation -- formulations selected fromthe group
consi sting ofPSEFEEMATaE BHEYOrOUIFHAENF 22 6P 6% - cheni cal wast es,

her bi ci des, insectici demciResdldhdess and ervid oeENG 8l copagaedss, 10 Gene
therapy -- therapy using formulations and/or_conpositions of DNA coding
for a protei RORMIARS/i IRFHRAINVE UG IRS  NA (f2Tf RN BAL EGUERBressed in

an individual. The crysfaalr®ArEr iAngiGt ek + M 0= protein or

nucleic acid crystals or crystal formulations or

10 compositions may be appropriate for a wvariety of modes
of administration. These may include oral, parenteral,
subcutaneous, intravenous, pulmonary, intralesional,
or topical administration. Alternatively, nucleic acid
‘crystals may be covalently attached to gold particles,

15 or other carrier beads, for delivery to non-
proliferating tissues such as muscles with a "DNA gun".

Naked DNA -- a nonreplicating, nonintegrating
polynucleotide which codes for a vaccine antigen,
therapeutic protein, or immunotherapeutic protein,

20 which may bé.operatively linked to a.promotér and
inserted into a replication competent plasmid. The DNA-
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



proliferating.. tissue where the DNA is taken up into the 15 cells and
expressed for a period of one to six nonths. The expressed protein serves
to tenmporarily replace or supplenent the endogenous protein. Gene therapy-
can also serve to inhibit gene expression by providing transgenes with
the gene orientation reversed relative 20 to the pronoter so that antisense
MRNA is produced in vivo. Gycoprotein --_a protein or peptide covalently
linked to a carbohydrate.. The carbohydrat®® fray be nonomeric or cornposed
of oligosaccharides. 25 Homo-polynmer -- a polynmer made with a single
nononer species., | mmynot herapeutic -- protein derived froma tunor cel

virus or bacteFP&rﬁ8€|ngcgﬁﬁFﬁﬁéﬁﬁ¥¥9ﬁRﬁt%PlQﬁb¥QHﬁRﬁrﬁf%wﬁﬁ%%@?@e

immunity to saiiévieufBonCalcl ud?0 \detSnar Al A c4Mb i MMbeL her apeutic
may be admnistered directly -- as a protein or |nd|rectly by 1njecting

DNA or RNA whi ¢6OBHI¥S KEtanfe shdLEP On"}nnind%m%tm%ompam%, be

protein or gl gcppbphain ,CuiioRes ran o, M €eld1 OrfﬁdJHHcff or ¥
nol ecul es whi ch stlnulate t he i mune systen1to red nlnate said

tunor cel |, 2vi Pd§CBP halt&licRexpngui diseanter chWANQFQﬁ%ﬁﬁd phase

synthetic pol Mm@%hyw@&n@m@@ ya%mlo%%twaweol HZERe, ﬁ&&ftén@bsence
of aqueous or or ganl c sol vents. Macr ool ecul es - - I’Ot el ns ycopr ot el ns,

peptides, ther®@p il engr Grdind depNAesit - PN&M%M%%QHQ&?l At I

Admi ni strati oncarbBhOkeitRa@h18¥§HE, C 02Cicd n®)i Yisltalos Ol Hal il for mul ations
or 10 conpositions may be appropriate for a variety of nodes

Peptide -- a polypeptide of small to
10 intermediate molecular weight, usually 3 to 35 amino
acid residues and frequently but not necessarily
representing a fragment of a larger protein. |

Pharmaceutically effective amount -- an

amount of a protein or nucleic acid crystal or crystal
15 formulation or composition which is effective to treat
a condition in an living organism to whom it is
administered over some period of time.
fngredients —-- any excipient or excipients,
ihcluding pharmaceutical ingredients or excipients.

20_ Excipients include, for example, the following:

Acidifying agents
acetic acid, glacial acetic acid,'citric
acid, fumaric acid, hydrochloric acid, diluted
hydrochloric acid, malic acid, nitric acid, phosphoric
25 acid, diluted phosphoric acid, sulfuric acid, tartaric

acid

Aerosol propellants

butane, dichlorodifluoromethane,
dichlorotetrafluoroethane, isobutane, propane,

30 trichloromonofluoromethane

Air-displacements'



of adm nistration. These may include oral, parenteral, subcutaneous,

i ntravenous, pulnonary, intralesional, or topical admnistration.
Alternatively, nucleic acid crystals may be covalently attached to gold
particles, 15 or other carrier beads, for delivery to .non- proliferating
ti ssues such as nuscles with a "DNA gun". Naked DNA -- a nonreplicating,
noni ntegrating pol ynucl eotide which codes for a vaccine anti gen,

t herapeutic protein, or innunotherapeufi@cbfbtein, 20 whi ch nmay be
operatively linked to a pronoter and inserted into a replication conpetent
plasmd. The DNA is free from association with transfection facilitating
proteins, viral particl@EPR pokofate f oRhEiFaeeBns, |ipids and cal ci um
phosphat e precipitating agents. 25 Naked DNA vaccine -- crystals of DNA
coding for aladmheiaidigein®s a vaccine antigen and an

i mmunot her apeutic. The vaccine is injected into non- proliferating tissue

where the DNA is taken dgnhdt¥idlereSebhte ANH-EXDT €SS ﬁ l.od of one
to six nonths. 30 The nucleic acid crysta?s n%y e coégP%&fI%eﬁﬁhféd to

gol d particl &G PIHRFHNd ery to the site of administration. Organic

solvents -- any solvent of non- aqueous origin, including liquid polyners
and m xt urses a1k i ARy @fent@ gani ¢ sol vents suitable for the present
i nvention include: acetone, nethyl alcohol, nethyl isobutyl. ketone,

chi oroform 1. propanol edreoy ehaiflsa S5 PLORMNO! anfbel aRl LLLLE,, Eebut anol,
2-butanol , ethyl 5 alcohol, "cyclohexane, dioxane, ethyl acetate, '
dinethylfornﬁﬁﬁ&@?qﬁLQWQW%e PIapael Al Fvect ppeassium

hydroxide, sodium bicarbonate, sodium borate, sodium

carbonate, sodium hydroxide, trolamine

10 Anticaking agents (see glidant)

Antifoaming agents
dimethicone, simethicone

Antimicrobial preservatives

benzalkonium chloride, benzaikonium chloride

15 solution, benzelthonium chloride, benzoic acid, benzyl
alcohol, butylparaben, cetylpyridinium chloride,
chlorobutanol, chlorocresol, cresol, dehydroacetic
acid, ethylparaben, 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,



met hyl ene chloride, tert-butyl alcohol, toluene, carbon tetrachloride, or
conbi nations thereof Peptide -- a polypeptide of small to 10 internedi ate
nol ecul ar weight, usually 3 to 35 amno acid residues and frequently but

not necessarily representing a fragnent of a |arger protein.

Phar maceutically effective amount -- an anount of a protein or nucleic
acid crystal or crystal 15 fornulation or. conposition which is effective
totreat a condition in an |living organi To whomit is adm nistered over
some period of tinme. Ingredients -- any excipient or excipients, including

pharmaceutical i.n regienti Oé gxci Egnts 20 Excjpients include, for
exampl o, tho FORFOW AGERaALPAVAS| ROLAGENEE Eeeal B die A w  beet | o
acid, citric sagidn thmesitfaeed, shydroahbatide  acidboglidtgied hydrochloric
acid, malic acid, nitric acid, phosphoric 25 acid, diluted phosphoric acid,
sul furic aci d*CtAPREFPLS GEFYPARRbsol propel | ants but ane, _

di chl orodi fl uoronet hane, dichlorotetrafl uoroethane, isobutane, propane,

30 trichl oroneapférong@negeane Air displacenments 20 - carbon di oxi de,
nitrogen Al cohol denaturants denatonium benzoate, nethyl isobutyl ketone,

sucrose octacetate 5 Al Kabtzingcagenbhfmonium carbonate, ammonium
phosphate, boric acid, citric acid, lactic acid,
phosphoric acid, potassium citrate, potassium
metaphosphate, potassium phosphate monobasic, sodium
acetate, sodium citrate, sodium lactate solution,

10 dibasic sodium phosphate, monobasic sodium phosphate

Capsule lubricants (see tablet and capsule lubricant)

Chelating agents .

edetate disodium, ethylenediaminetetraacetic

acid and salts, edetic acid

. 15 Coating agents

sodium carbéxymethylcellulose, cellulose
aéetate, cellulose acetate phthalate, ethylcellulose,
gelatin, pharmaceutical glaze, hydroiypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl
20 methylcéllulose 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.

oxlide



strong ammoni a sol uti on, amoni um car bonate, di et hanol am ne,

di i sopropanol am ne, potassi um hydroxide, sodi um bi carbonate, sodium
borate, sodium carbonate, sodium hydroxide, trol.am ne 10 Anticaki ng agents
(see glidant) Antifoanm ng agents di nmethicone, sinethicone Antinicrobial
preservatives benzal koni um chl ori de, benzal konium chl oride 15 sol ution,
benzel t honi um chl ori de, benzoic acid, QeBEVL al cohol , butyl paraben,

cetyl pyridiniumchloride, chlorobutanol;“chlorocresol, cresol,
dehydroacetic acid, ethylparaben, nethyl paraben, nethyl paraben sodium
phenol , phen Q%,Egli@chpol,téohenylnercuric 20 acetate, phenylnercuric
nitrate, potasspunfbeﬁEoéFgf pot assi um sor bate, propyl paraben,

propyl paraben sodi um di.um benzoat e, sodi um dehydroacetate, sodium
propi onate, sorbic aci&% YGOSR &y ot 2 C At F ¢ Hantsd 252 k&% or bi ¢ aci d,
acor byl pal m(EaTa,) , betgitateedciky digextaine 5ol £c i dus iy at etndyge o0xyt ol uene,
hypophosphorous acidq.nnnotgggﬂlycerol, propyl gallate, - 21 sodium

f or mal dehyde®8HRFORYratE, SYodi®inh net abi sul fite, sodium thiosul fate, sufur
di oxi de, tocopherol, tocopherols excipient Buffering agents 5 acetic acid,
ammoni um Bar basatean&gnoni um phosphate, boric acid, citric acid, lactic
acid, phosphoric acid, potassiumcitrate, potassium netaphosphate,

pot assi um phosphat e nogabasig cH0diride, calcium sulfate, silicon

dioxide

Emulsifying and/or solubilizing agents

acacia, cholesterol, diethanolamine
10 (adjunct), glyceryl monostearate, lanolin alcohols,
lecithin, mono- and dnglycerides, monoethanolamine
- (adjunct), oleic acid (adjunct), oleyl alcohol
(stabilizer), poioxamer, polyoxyethylene 50 stearate,
polyoxyl 35 caster o0il, polyoxyl 40 hydrogenated castor
15 o0il, polyoxyl 10 oleyl ether, polyoxyl 20 cetosteafyl
ether, polyoxyl 40 stearate, polysorbate 20,
polysorbate 40, polysorbate 60, polysorbaté 80,
propylene glycol diacetate, 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 vanillin,
menthol, methyl salicylate, monosodium glutamate,
orange flower oil, peppermint, peppermint oil,

peppermint spirit, rose oil, stronger rose water,



acetate, sodiumcitrate, sodiumlactate solution, 10 di basic sodi um
phosphat e, nonobasi ¢ sodi um phosphate Capsule lubricants (see tablet and
capsul e lubricant) Chelating agents edetate disodium

et hyl enedi ami netetraacetic acid and salts, edetic acid 15 Cbatlng agents
sodi um car boxynet hyl cel | ul ose, cellulose acetate, cellul ose acetate
pht hal ate, ethylcellul ose, gelatin, pharg?ceutical gl aze, hydroxypropyl
cel l ul ose, hydroxypropyl methyl cellul ose;” hydroxypropyl 20 nethylcell ul ose
pht hal at e, nethacrylic acid copol ymer, nethylcellulose pol yet hyl ene

" glycol | thal ate, shel | tit di oxi d
ol nauba’ i YEPOCYEL PRRG e iR ool GPd 1 155 Saruiela od. - yel | ow

bl ack or bl endsnctetej cvanaxilda 22 - Conpl exi ng agents
ethylenedianinetetraacetic acid and salts (EDTA), edetic acid, gentisic
aci d et hanol ngj dg aylnollne sul.fate 5 Desiccants cal cium chlori de,
calciun1su|fa?i §PF é OFi BRIEIGEATSSBBRANTS and/ or sol ubi | i zi ng agents
acacia, cholesterol, dletEanoIanlne 10 (adjunct), glyceryl nonostearate,

lanolin algohols, | eci ERLAIIRoAGL l&ﬁ&edlm@@?@éﬂPﬂb§llﬁﬁﬁﬁéthanolanlne
- (adj unct), o&@l@01a§ldsiadtuﬂcalox@aeylt@h@ohol

Humectants

glycerin, hexylene.glycol, propylene glycol,

sorbitol

10 Ointment bases

lanolin, anhydrous lanolin, hydrophilic
ointment, white .ointment, yellow ointment, polyethylene
glycol ointment, petrolatum, hydrophilic petrolatum,

white petrolatum, rose water ointment, squalane

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, cern 0il, cottonseed oil,
ethyl acetate, glycerin, hexylene glycol, isopropyl
alcohol, methyl alcohol, methylene chloride, methyl

_isobutyl ketone, mineral oil, peanut oil, polyethylene



(stabilizer), poloxaner, polyoxyethylene 50 stearate, polyoxyl
oil, polyoxyl 40 hydrogenated castor 15 oil, polyoxyl. 10 ol eyl ether,
pol yoxyl 20 cetostearyl ether, polyoxyl 40 stearate, polysorbate 20,

pol ysor bate 40, pol ysorbate 60, polysorbate 80, propylene glycol

sul fate, sodium

di acet ate, propylene glycol nonostearate, sodiumlauryl

stearate, 20 sorbitan nonol aurate, soritan nonool eate, sorbitan

monopal mitate, sorbitan nonostearate, stedfic acid, trol

anm ne,

35 caster

emil si fying

wax Filtering aids powdered cellulose, purified siliceous earth 25 Flavors
and perfunes anet hol e, benzal dehyde, ethyl vanillin, nenthol,
salicyl ate, noHISEdi uRIFAN SRR €arbamgaigo MRy lene, IpEppér nsasame

pepperm nt oilyi1 PERAYMARY SRIddtidPSes @l StHIPYET ££9S€n

thynol, tolu balsamtincture, vanilla, vanilla tincture,

vani

met hyl

. 23
??ﬁnd i dant

and/ or anti cakiteg dgemases dQrcilumigatica e Pusighkestunaseki cate, col |l oi da

silicon dioxide, talc Hunectants glycerin, hexylene glycol,

pr opyl ene

glycol, sorbigQhehd O ntnent bases |anolin, anhydrous I|anolin, hydrophilic

oi ntnent, white ointnent, yellow ointnment, polyethylene

gl ycol

oi nt nent ,

petrolatun%-hydrophiIicp%%h%gg%t@@lldyggég[gﬁgééégfp]pﬁg§§iggter oi nt nent,

squal ane
siliceous earth

Carbon dioxide sorbents

barium hydroxide lime, soda lime

Stiffening agents

10 hydrogenated castor oil, cetostearyl alcohol,

cetyl-alcohol, cetyl esters wax, hard fat, paraffin,

polyethylene excipient, stearyl alcohol, emulsifying -

wax, white wax, yellow wax

Suppository bases

15 cocoa butter, hard fat, polyethylene glycol

Suspending and/or viscosity—increasing agents

acacia, agar, alginic acid, aluminum

monostearate, bentonite, purified bentonite,

bentonite, carbomer 934p, carboxymethylcellulose

20 calcium, Carboxymethylcellulose sodium,

carboxymethycellulose sodium 12, carrageenan,

magma

microcrystalline and carboxymethylcellulose sodium

cellulose, dextrin, gelatin, guar gum, hydroxyethyl

cellulose, hydroxypropyl cellulose, hydroxypropyl

25 methylcellulose, magnesium aluminum silicate,

methylcellulose, pectin, polyethylene oxide, polyvinyl

alcohol, povidone, propylene glycol alginate,

silicon



15 Pl asticizers' castor oil, diacetylated nonoglycerides, diethyl
pht hal ate, glycerin, nono- and di-acetylated nonoglycerides, polyethylene
gl ycol, propylene glycol, triacetin, triethyl citrate 20 Pol yner nenbranes
cellul ose acetate Solvents acetone, alcohol, diluted al cohol, anylene
hydrate, benzyl benzoate, butyl alcohol, carbon 25 tetrachl oride,

chloroform corn oil, cottonseed oil, ethyl acetate, glycerin, hexylene
gl ycol, isopropyl alcohol, nethyl aIcohoT,Zﬁefhylene chl ori de, nethyl
.1 sobutyl ketone, mneral oil, peanut oil, polyethylene 24 _ glycol,

L ycol, sesame oil, water for injection,

propyl ene carbonate, pro ne L, B ! ,

sterile water fgﬁo?hﬁgctgéhiOl ér Phé 1rePed B de r i sRAi W, 2 AR EtRd wat er
Sorbents 5 powdergdcerthyl asathehagggal , purified siliceous earth Carbon
di oxi de sorbents barium hydroxide line, soda |line Stiffening agents 10

hydr ogenated castor oil, cetostearyl alcohol, cetyl alcohol, cetyl esters

wax, hard fat, pYFEFERHDI BBPPEENyI ene exci pient, stearyl al cohol,
emul sifying wax, white wax, yellow wax Suppository bases 15 cocoa butter
hard fat, polyethyl ene gl JEBRT a8 peABKEG2&SS ord8X teeassi-t yeX didriesti ng

agents 5 dextrose, fructose, mannitol, saccharin, calcium
saccharin, sodium saccharin, sorbitol, solution
sorbitol, sucrose, compressible sugar, confectioner’s

sugar, syrup

Tablet binders

10 acacia, alginic acid, sodium
carboxymethylcéllulose, microcrystalline cellulose,
dextrin, ethylcellulose, gelatin, liquid glucose, guar
gum, hydroxypropyl methylcellulose, methycellulose,
"polyethylene oxide, povidone, pregelatinized starch,

15 syrup

Tablet and/or capsule diluents

calcium carbonate, dibasic calcium phosphate,
tribasic calcium phosphate, calcium sulfate,
microcrystalline cellulose, powdered cellulose,
20 dextrates, dextrin, dextrose excipient, fructose,
kaolin, lactose, mannitol, sorbitol, starch,
pregelatinized starch, sucrose, compressible sugar,

confectioner’s sugar

Table disintegrants

25 alginic acid, microcrystalline cellulose,
croscarmellose sodium;'corspovidone, polacrilin
potassium, sodium starch glycolate, starch,

pregelatinized starch



acacia, ‘agar, alginic acid, alum num nonostearate, bentonite, purified
bentonite, magma bentonite, carboner 934p, carboxynethyl cell ul ose 20

cal cium carboxynet hyl cel | ul ose sodium carboxynet hycel | ul ose sodi um 12,
carrageenan, mcrocrystalline and carboxynethyl cellul ose sodi um

cel lul ose, dextrin, gelatin, guar gum hydroxyethyl cellul ose,

hydr oxypropyl cellul ose, hydroxypropyl 25 nethylcellul ose, magnesi um
alum num silicate, nethylcellulose, pecti4f polyethyl ene oxide, polyviny
al cohol , povi done, propylene glycol alginate, silicon - 25 di oxide,
col l oi dal silicon dioxide, sodiumalginate, tragacanth, xanthan gum
Sweet eni ng agé‘rﬂ@%’sﬁd}qéﬁﬁé carseyeitBdbriernt§se, excipient 5 dextrose,
fructose, mannitol, saccharin, calcium saccharin, sodium saccharin,
sorbitol, solution sortﬁQ%ﬂiu%L@ﬁ%%%at@onﬁﬂ§§§rwﬂeb§bgaﬁﬁeconfectioner's

sugar, syrup &3 B ndeL sy 10 acpcigy ﬂhﬂb?b?oéghd’géggkggylene

carboxynethylce ul ose, nlcrocryst I ne cel
ethylcelIuIos@1Xﬂﬂkﬂ|3@d1¢muﬁﬁﬁiﬂxko%@maga§ﬁ/ gﬁﬁﬁrhydacxﬂprppyhfled

met hyl cel I gl o eoearﬁtdﬂya%aulpéfc Mﬂ@&@%h B8 %g EappaY F%nezm

pregel atini zed starch, 15 syrup Tabl et and or ca uent s cal ci um
car bonat e, d|§@§a¥aﬂﬂcnun1phosphate tri basic cal ci um phosphate, cal ci um
sulfate, mcrocrystalline cellul ose, powdered cell ul ose, :

Tonicity agent
dextrose, glycerin, mannitol, potassium
chloride, sodium chloride
10 Vehicle: flavored and/or sweetened

aromatic elixir, compound benzaldehyde
elixir, iso-alcoholic elixir, peppermint water,
sorbitol solution, syrup, tolu balsam syrup

Vehicle: oleaginous

.15 almond oil, corﬁ 0il, cottonseed oil, ethyl
oleate, isopropyl myristate, isopropyl palmitate,
mineral oil, light mineral oil, myristyl alcohol,
octyldodecanol, olive oil, peanut oil, persic oil,
seame oil, soybean oil, squalane

20 Vehicle: solid carrier

sugar spheres

Vehicle: sterile

Bacteriostatic water for injection,

bacteriostatic sodium chloride injection

25 Viscosity-increasing (see suspending agent)



20 dextrates, dextrin, dextrose excipient, fructose, kaolin, Iactose,
manni tol, sorbitol, starch, pregelatinized starch, sucrose, conpressible
sugar, -confectioner's sugar Table disintegrants 25 alginic acid,

m crocrystalline cellulose, croscarnellose sodi um -corspovi done,
polacrilin potassium sodiumstarch glycolate, starch, pregelatinized
starch 26 - Tabl et and/or capsule lubricants calciumstearate, glyceryl

behenate, magnesium stearate, |ight mneraly,-oil, polyethylene glycol,
sodium stearyl fumarate, stearic acid, purified 5 stearic acid, talc,
hydr ogenat ed vegetable oil, zinc stearate Tonicity agent dextrose,

l'ycerin, manni twdtePotassi tfhgchyontde, sodiumchloride 10 Vehicle:
?Iévored and/ or smé%teﬁ§%§aroﬁ%t?% el ixir, conpound benzal dehyde elixir,

i so-al coholic elixir, peppeys fhe¥RLEL e'ﬁﬁfﬁé§?lcggéyt£?3é55¥%§ﬁ§etO'u

bal sam syrup Vehicle: ol eagi nous 15 al no corn’ o ( ed oil
ethyl ol eate, isopropyl ristate, isopropyl palmtate, mneral oil,
light nineral oMettifig sARA/ e ceombibil being ceglectanol , ol ive oil, peanut
oil, persic oil, sesane oil, soybean oil, squal ane 20 Vehicle: solid

carrier sugar spheres benzalkonium chloride, benzethonium chloride,
5 cetylpyridinium chloride, docusate sodium, nonecxynol 9,
nonoxynol 10, octoxynol 9, poloxamer, polyoxyl 35
castor oil, polyoxyl 40, hydrogenated castor oil,
polyoxyl 50 stearate, polyoxyl 10 oleyl ether, polyoxyl
20, cetostearyl ether, polyoxyl 40 stearate,
10 polysorbate 20, polysorbate 40, polysorbate 60,
polysorbate 80, sodium lauryl sulfate, sorbitan
monolaureate, sorbitan monooleate, sorbitan

monopalmitaté, soérbitan monostearate, tyloxapol

Preferred ingredients or excipients include:

15 sSalts of 1) amino acids such as glycine, arginine,
aspartic acid, glutamic acid, lysine, asparagine,
glutamine, proline, 2) carbohydrates, e.qg.
monosaccharides such.as glucose, fructose, galactose,
Mannose, arabinose, xylose, ribose and 3)

20 disaccharidés, such as lactose, trehalose, maltose,
sucrose and 4) polysaccharides, such as maltodextrins,
dextrans, starch, glycogen and 5) alditols, such as
mannitol, xylitol, lactitol, sorbitol 6) glucuronic
acid, gaiééturonic 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 carbbnate and
ammonium phosphate, and 9) organic salts, such as

30 acetates, éitrate, ascorbate, lactate 10) emulsifying

or solubilizing agents like écacia, diethanolamine,



Vehicle: sterile Bacteriostatic water for injection, bacteriostatic sodium
chloride injection 25 Viscosity-increasing (see suspendi ng agent) 27 -

Vater repelling agent. cyclonethicone, dinethicone, simethicone Wetting
and/ or sol ubilizing agent benzal koni um chl ori de, benzethoniumchloride, 5
cetyl pyridi niumchloride, docusate sodium nonoxynol 9, nonoxynol 10,
octoxynol 9, pol oxaner, polyoxyl 35 <castor oil, polyoxyl 40, hydrogenated
castor ‘oil, polyoxyl 50 stearate, polyox¥® 40 ol eyl ether, polyoxyl 20,
cetostearyl ether, polyoxyl 40 stearate, 10 polysorbate 20, polysorbate
40, pol ysorbate 60, polysorbate 80, sodiumlauryl sulfate, sorbitan
monol aur eat e, 98¥FBIryanmebRssleeaad e, s delsiittdrin, mowope i drat smises bi t an

nonost ear at e, X Pr efer ned,i.ngredi ent CI ents |nclude 15
ohxhe QE?S\ ghewh ‘élc%% Qdi Q1% QU SXC1 DI il ed

Salts of 1). am no acids ‘such”as “glyci né, arglnlne aspar |c aC|d,
gl ut am ¢ aci dsopyghnéauaypasagifase, gt@ﬁanmn@cq@uﬂsqublﬁancarbohydrates,

e.g. m)nosacc{aaﬁws&r ugh eagggegggﬁgl bateoate JUAC ik, JAN00SS,

ar abi nose ose 0Sé an sacchari such |ac
trehalose,5naﬁﬁ©$éatl§a§vo§elandy4)dpahwa&a@hanldesg suﬂWuxyeuﬂylmhﬁtrins,

dextrans, ot anchsy0LY680°0B08. Pl ot y8UCH 135 oA L) - Xyl Lol

| actitol, sor |toI roni ¢ aci al actur
cyclodextrinslnsnehSaBQZSeﬂEEhyb dykbodegarbnalglnlc acid and its

hydr oxypropyl 5£ 2z 6y cLOdexthh) BBEr: 8! 819k 150" QAUf33! s, such as sodium
chl ori de, A !
polyethylene oxide, cellulose and its derivatives

10 propylene carbonate, polyethylene glycol, hexylene
glycol, tyloxapol. A further preferred group of
excipients or ingredients includes sucrose, trehalose,
lactose, sorbitol, lactitol, inositol, salts of sodium
and potésium such as. acetate, phosphates,'citrates,

15 borate, glycine[ arginine, polyethylene oxide,
polyvinyl alcohol, polyethylene glycol, hexylene
glycol, methoxy polyethylene glycol, gelatin,
hydroxypropyi—B—cyclodextrin.

Polymer -~ a large molecule built up by the
20 repetition of small, simple chemical units. The
repeating units may be linear or branched to form
interconnected networks. The repeat unit is usually

equivalent or nearly equivalent to the monomer.

Polymeric carriers -- polymers used for

25 encapsulation of protein crystais 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



pot assi um chl oride, magnesium chloride, phosphates of sodium and
potassi um boric acid amoni um carbonate and amoni um phosphate, and 9)
organic salts, such as 30 acetates, citrate, ascorbate, lactate 10)

enul sifying or solubilizing agents |ike acacia, diethanolanine, _ 28
glyceryl nonostearate, |ecithin, nonoethanolamne, oleic acid , oleyl

al cohol, pol oxamer, polysorbates, sodiumlauryl sulfate, stearic acid,
sorbitan nonol aurate, sorbitan nonostear&®e,~ and other sorbitan 5
derivatives, polyoxyl derivatives, wax, polyoxyethylene derivatives,
sorbitan derivatives 11) viscosity -increasing reagents like, agar, alginic
acid and its a&Hd)s oA guiglpetidatipotyvihytoalicoholid) pol pachyl ene

oxide, cellulgzgp ﬁ§45§afg¥9ﬁﬁg99%¥g]1)§g9ﬁykgg§ gggggnat Ouggl%eﬁgylene

gl ycol , hexyl ene col, tyloxapol. A furt afred g

exci pi ents or (gt &ﬁﬂQﬂﬂsy|Rﬁﬂikk§¥@ﬂkﬁm%ele¢ehalopely Iactose sorbitol,
lactitol, inosit@lg SR )SRAHYE - AN POL assh i such as. acetate,
phosphates C|t;§{gt§%%; Bg{a gl ;%?%e argléln pol yet hyl ene oxi de,

pol yvi nyl a1 cdHSIEI5Hs y%?tOrﬁﬂf@"f@nﬁ]ycmOl}hewrbm egtycsl , pBﬂ.bOf(Ylnvl

| yet hyl BNYZexeY el cy tr
Fgrég n%lggﬁlg'bU|ﬁ? gu’pp@:l}n Vﬂayq &g%§?$$¥%ﬁ5% ﬁ£9?$é ﬁﬁ? 8%6”10&
units. The r@éééﬂlﬂ@ndﬁlﬁ§hﬂﬂ/QQPQLWM§QSmnplmzwmhedpmbyébsnl

|t er oonneot ed BEkARY Ke.e Tha ! SRR Hile % YWALYL - oL val Rt or near |y

equi val ent to the nononer. nerl carrier €25
encapsulatlonc@ﬂlﬁﬂ@ﬁél@n§r¥§ﬂémdoﬁﬁrdﬁﬂmv&ﬂgneﬁ, collagen, fibrin,

10 gelatin, hyaluronic acid, oligosaccharides,
glycaminoglycans, sﬁlfated polysaccharides, or any
conventional material that will encapsulate protein
crystals. '

Protein -- a complex high polymér containing

15 carbon, hydrogen, oxygen, nitrogen and usually sulfur
and composed of chains of amino acids connected by.
peptide linkages. Proteins in this application refer
to glycoprotéins, antibodies, non—enzyme proteins,
enzymes, hormones and peptides. The molecular weight

20 range for proteins includes peptides of 1000 Daltons to
glycoproteins of 600 to 1000 kiloDaltons. Small
proteins, less than 10,000 Daltons, may.be too small to
be characterized by a highly organized tertiary
structure, wherein said tertiary structure is organized

25 around a hydrophobic core.

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

30 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 1is

greater than or equal to 40,000 Daltons. According to



proteins, including biological delivery. Such polyners include
bi oconpati bl e and bi odegradabl e polymers. The polyneric carrier may be a
single polymer type or it nmay be conposed of a mixture of polymer types.
30 Polyners useful as the polyneric carrier, include for exanple, poly
(acrylic acid), poly (cyanoacrylates), poly (am no acids), poly
(anhydrides), poly (depsipeptide), poly (esters) such as poly (Iactlc 29
acid) or PLA poly (lactic-co-glycolic acBd)-or PLGA, poly
(B-hydroxybutryate), poly (caprolactone) and poly (dioxanone); poly
(ethylene glycol), poly ((hydroxypropyl)nethacrylam de, poly 5
[(organo)phosphaZéﬁé]alpetya¢@rem§?ﬂﬂmﬁmﬁh ¢nﬂW'm®%$PﬁlaﬁJﬁ?h@hi ipoly
vi nyl pyrroli c.an Y, et her copol yners,
élurgnﬁg polygggs{egrghgbn §n§¥0ral%o gkkdqq;é%if?ﬁﬁypeptldes al gi nat e,
cel | ul ose and ceIIuIose_ﬁggglaLﬁzﬂiM%EM|iﬂﬁﬁn|é¢ﬁHvityJ§éL%%%Fdnfrom
hyal uroni ¢ ac Lgas I g nog sul fate
pglysaccharldjgge g%bgﬁy@nggéggg oﬁglty ertH <¥ %ﬁ*ﬁ TR Ui Bl e
protein cbystabsspProteon etharcammh&mﬁmqﬁ1whmqhnﬂnduﬁgean|ng 15 car bon,

hydr ogen, oxy. gen_and usually suylfu and conposed of  chai ns of
ani no aci ds CgﬁﬁgEF5§5§ ges%@ﬁ?ldglF%ﬁﬁa qﬂ%ﬂ?ﬁ t ¥hivs eI FR&t i on
refer to glyeopteirins, uaed;bedbesasnamﬁ?nn%?h[nﬁﬁg%muhe ﬁ%g@@ﬁg@ ' ud
hor nrones and ecul ar we t .20 range for_proteins includes
pepti des of 1§§8§%H??%n%9 Vy085r893# a&F‘%ﬁbqgﬁafﬁﬁb ki | oDal t ons.
Smal|l  proteins, |ess t BﬂtéﬁgOQﬁtDﬁthﬂ&ﬁl@&ﬁ@QIEQQ simaldhd Quantity

10 of-protein dissolved per unit time.

Protein crystal -- protein molecules arranged

in a crystal lattice. Protein crystals contain a
péttern of specific protein-protein interactions that
are repeated periodically in three dimensions. The

15 protein crystals of this invention do not include
amorphous solid forms or precipitates of proteins, .such
as those obtained by lyophilizing a protein solution.

Protein crystal formulation -- a combination

of protein crystals encapsulated within a polymeric

20 carrier to form coated particles. The coated particles
of the protein crystal 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 microparticulatés. For the purposes

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

Profein 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 biolbgical 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



be characterized by a highly organized tertiary structure, wherein said
tertiary structure is organized 25 around a hydrophobic core. In one
enbodi ment of this invention, such proteins have a nol ecul ar wei ght of
greater than or equal to 10,000 Daltons. According to an alternate

enbodi nent, that nol ecular weight is greater than or 30 equal to 20, 000
Dal tons. According to another alternate enbodi nent, that nol ecul ar wei ght
is greater than or equal to 30,000 Dal toldd. -According to a further

al ternate enbodi nent, that nolecular weight is greater than or equal to
40, 000 Daltons. According to 30 another alternate enbodi nent, that

nmol ecul ar wei ghtriglagieat erA t hapiozl egampet of 50 00€ iDalltomas ngPrict ei n
activity -- ang ividys sel ected from the group consisting of binding,
catalysis, signaling, 5 transport, or other activities which induce a
functional response wi t BIptdin eneleapeent thewhethaske ofprateivie i s used,
such as i nduct/ fo 19phe r : ic_activity, .or., combinations
t her eof . Prot|é¥2é%?v1ty S%ﬁ%gggaég%% $$E¥£§£hu3%t%9§tr% 1§F % ot éin

di ssol ved pger. aminong el tiw ofel howiyst ddctorpr of &) ndeviredaltésnarifanged i n
a crystal | attice..Rr i st al 85 C in n ,of speci.fic

pr ot ei n- pr ot eiﬂr{%erﬁd;rsgi% glhagg%/%&a’t ?Za)r Ce)PcI‘rtgépe%?e%Pgé%:S(&)dfj&grsP ui%ﬁolnhree

di mensi ons. The tiBipridieeine lomyest ahastofx t hi3) | dvEftsdonde fndt skbtlede

anor phous sol i d f.qr. ci.pi r ot ei ns, ch s.those obt ai ned
by |yophili zi ﬁgoﬁﬁﬁtﬁ{rﬁ% uﬁ%%o%%%ﬁ%a%%ét ol oPﬁﬁl%ﬁllPon - a

conbi nati on loading; and (5) diffusion of biological medium into

10 the protein crystal/polymer matrix.

Pronhvlactitallv effective amount -- an

amount of a protein or nucleic acid crystal or crystal

formulation or composition which is effective to.

prevent a condition in a living organism to whom it is
15 administered over some period of time.

Reconstitution - dissolution of protein or
nucleic acid crystals or crystal formulations or.
compositioné in an appropriate buffer or pharmaceutical
formulation. |

20 Shelf stability -- the loss of specific
activity and/or changes in secondary structure from the
native pfotein over time incubated under specified
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.



of protein crystals encapsulated within a polynmeric 20 carrier to form
coated particles. The coated particles of the protein crystal fornulation
may have a spherical norphol ogy and be m crospheres of up to 500 micro
meters in dianeter or they may have sone ot her norphol ogy and be

m croparticul ates. For the purposes 25 of this application, "protein
crystal fornulations" are included in the term"conpositions”. Protein
delivery system-- one or nore of a prot¥ mcrystal formulation or
conposition, a process for making the formulation or a nmethod of

adm ni stering 30 the fornulation to biological entities or neans therefor.
Protein |oading -- the PROE@REUEEEIBROLBEN nmi-cRoPPIRGrEs, ass dealcqilcatced as a

percent age byaw®ightwhOEh PLot ghnifekebir¥e 8 the jwai ok ty 31
iggj range of Erotein | oadi n ﬁ?ﬁig$§§gfp§%3 gp%f%in

forrrulation.hgr'rgréﬁ) Ot ¢

rel ease -- the RlsEC B OB CEPHROS pF 89RI ATT RoRPA IPGIoeMEriice lcarri er, as
control |l ed byfﬁiﬁzlﬁtﬂénr@fec&ﬁpwftwhlO\Mrﬂgrfa?%h%ri%ﬁ (r%)ce‘i%%%r adation of

t he poly matrix; (2) rate of crystal dissolution wf% in e pol ymer
matrix; ?2% cﬁWQ{Hﬁ?NP Qﬁs%%@v%HOt%%%tEVﬁeﬁhﬁéﬁgﬁlbhé pelgmer. matrix; (4)
protein |oading: and (Alcdlifdusionaoh biokogkeak redeunigte i Lhe
protein crystal/polyner matriXx. rophyl actically effective anount -- an
amount of a FAEIIFTOC MRS SWeh BerdgsYarusr Payssake, f brgbkatronror

conposi tion Whindr i f Ot St e i YERLvRLFOBE LLER bBcBihEvINg organi sm
(0] omi IS :
antigens is the induction of protective immune

10 responses specific for a pathogenic agent or tumor.

Crystallinity
Crystallinity of macromolecules is of great

value for their storage and delivery in vivo. However,
few_techniques exist for the préparation of large

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 Analvsis of Protein

Crystals, Robert E. Krieger Publishing, Malabar, p. 214
(1989)]. Another technique is to collect data from

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

Instead of ice, a rigid glass forms, encasing the



15 adm ni stered over sone period of tinme. Reconstitution - dissolution of
protein or nucleic acid crystals or crystal formulations or conpositions
in an appropriate buffer or pharmaceutical fornulation. 20 Shelf stability
-- the loss of specific activity and/or changes in secondary structure
fromthe native protein over tine incubated under specified conditions.

Stability -- the loss of specific activit 25 and/or changes in secondary
structure fromthe native protein over” t3%€ while in sol ution under
specified .conditions. Stabilization -- the process of preventing the

| oss of speC|f|c actlvit and/ or changes in 30 secondary structure fromthe
native proteifYSHl %+%%a}%ﬁbl?o?ﬁ%Pg?lon§rﬁﬁtaﬂétéFﬁ £P9§tals or DNA
crystals or RMAStyshedsati 100exci g eptsvent ERgsesi eisinred2atIBgkapeutic
protein -- a protein as_descri bed above mhlch is admnistered to a living
organi smin alRIFeEFat? o orleoheba BRaearcélittbcal Cafrgerul ati on
or conposi ti an.w Thes@pswdé €, pﬂiqqu) nﬁcédéﬂghus@leeahl pfobBe proggisn types
descri bed herein._ Vaccine anti rotein derived from a. pat hogeni c
agent suct® ast %7 ks, %%}%%l?%lsb%%@%?#guéralﬂawﬁrO@@lFO ThénsadNe| n
activity of %&c}rsﬂ/@wmsfa%I&@n@lwrm@thegumwaroflPreéﬁﬁBkV%e' mmune 10

responses specific for a pathogenic agent or tunor. Crystallinity
used at temperatures higher than 100 °K.

In principle, dried crystals can be prepared

by lyophilization. However, this technique involves
10 rapid cooling of ‘the material and can be applied only

to freeze stable products. The aqueous solution is

first frozen to between -40 and ~-50°C. Then, the ice

is removed under vacuum. Ice formation is usually

‘destructive to the protein crystal lattice, yielding a
15 mixture of crystals and amorphous precipitate.

It is desirable to produce macromolecules, in
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-agueous 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. In yet another embodiment, the
crystalline slurry can be rendered solid by spinning

out the first solvent and washing the remaining



Crystallinity of macronol ecules is of great value for their storage and
delivery in vivo. However, few techniques exist for the preparation of
| arge 15 quantities of such crystalline nmacronol ecul es which are stable
outsi'de of - the mother liquor. Crystals of proteins and nucleic acids nust
be handled with considerable care, since they are extrenely fragile and .
contain a high proportion of solvent. It is well known 20 in x-ray
crystal l ography that the diffraction patt3rmnms from macronol ecul ar-crystals
qui ckly degenerate upon dehydration in air. Normally, a crystal is
carefully separated fromits nother liquor and inserted into a capillary
tube. The tuberYSta3bhied $Pbhdtheingrauspagndsodennak waX vemtsitid cone
grease, al ongrdhéPe avsPBs) s I oien tQ _mai ntain
hydrati on [ MPherson, A ?gggf%??%%ngﬁgﬁgﬁgtggﬁsogf%Bror%?h Crystal s,
Robert E. Kri®QeROW®ibseL¥Wemy, Mal abar, p. 214 (1989)]. Another technique is
to collect data from 3%@%@5@&@§umrfr?r§teks alsELY9QRRi ¢ tenperat ures.
The «crystals are prepared and then rapidly cooled to prevent ice lattice
formation 1 n $thRIRRICOLS PEATSMS arstespeoialty, uaefigi dogl ass forns,
encasi ng the I g y he nalntalned
at 100 Kto psr’ig?/%&ntgé@%&g ?é%t%%]# eélr’}gt?%nEOl gg%algqbg\ﬂ% % ®Met hods in
Enzynol ogy (walbmmted CW RihdnSweeyY a@nm;sncadeanc PrPeﬂmon\ar&?G p.
183 5 (1997)] t e @l n in, crystals
out si de of tf%ﬁ%yUéfyrigsbgfﬁggult égﬁ%o £ leusg%lﬂgilgégnperatures hi gher
than 100 K. me%mmrclqrrtélesjrwmd:rcr@rsq aqizsfﬁmub*e e epat bder by other

10 routes of administration. (See, for example, PCT
patent applications WO 96/32152, WO 95/24183 and WO
97/41833).

The proteins referred to below include
' protein crystals themselves, or nucleic acid crystals
15 comprising DNA or RNA which encode those proteins upon
cellular uptake.. _
_ This invention advantageously provides
compositions and formulations of crystals of proteins

or nucleic acids.

20 Stabilitv of Encapsulated Crvstals

Those of skill in the art will appreciate
that protein stability is one of the most important
obstacles to successful formulation of polymer
microparticulate delivery systems that control the

25 release of proteins. The 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.



by | yophilization. However, this technique involves 10 rapid cooling of
the material and can be applied. only to freeze stable products. The aqueous
solution is first frozen to between -40 and -50C. Then, the ice is
renoved under vacuum Ilce formation is usually destructive to the protein
crystal lattice, yielding a 15 m xture of crystals and anorphous :
precipitate. It is desirable to produce nmcromolecules, in the crystalllne
state, that are pure and stable under storage conditions at amnbient
tenperatures. Such crystals constitute a particularly advantageous f orm of

20 Proteins dbuucy e A7) Oe 10509808, BLERALAL! QL Al LIEr nout ) 09 and

vacci nes. The present ention provi ornu at’i ons a ositions for
storage of drYSIEMTeNENGRCednaYecedesian, ethher resuld ipay tincl es or

di spersed in a9?§ Furthernore, the 25 invention may be
. applied to tﬁ%zstorage a§£+%g?6 " bi ol ogi cal macronol ecule or a mxture

of macronol ecul es thatlnorderite ezccieviet highchrotthem sltabandtther

embodi mentg t \V, i Vi h enderi ng biol ogi cal 30
nacronnleculeéyégﬁ%¥é¥%§%%htéﬁ%rgggg?ﬁtggépggg%ggsElo& glng repl aci ng
t he not her |IQRNPOWﬁEIﬁQSrﬂﬂGOE@UEDUEOsbm@emIeSénty&mv&mmhbar anbadi nent,

ol ventand VAR T Ehe  aret o 1oL SHC PRt 11 1R TEarTa a8Ag a second
organi ¢ sol vemxoileom menim@l ved er- fol femelt: bye evapohakived of the non-
aqueous sol Ved}tysé\aqui%%uesooﬂsics%ggé OEtorCrélseg aé&i»B%se of this
10 application, solid state may be divided into two
categories: amorphous and crystalline. The three-
dimensional long-range order that normally exists in a
crystalline material does not exist in the amorphous
state. Furthermore, the position of molecules relative
15 to one another is more random .in the amorphous or
liquid states, relative to the highly ordered _
crystalline state. Thus, amorphous proteins may be
' less stable than their crystalline counterparts.
. Figure 1 depicts the relative stability of
20 the following molecular atates of Candida rﬁgosa lipase
("CRL"): crosslinked amorphous, liquid, crystaliine in
20% organic solvent, crosslinked crystalline in 20%
organic solvent, crosslinked crystalline without
organic solvent. Figure 1 shows that crystalline CRL
25 retains 80% activity for more than 175 hours in 20%
organic solvent. 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



5 therapeutic proteins are especially useful for subcutaneous delivery,.
while solid fornulations are ideally suited for pul nonary adm ni stration.
Pul monary delivery is particularly useful for biological nacronolecul es
which are difficult to deliver by other 10 routes of adm nistration. (See,
for exanple, PCT patent applications WO 96/32152, WD 95/24183 and WO :
97/ 41833). The proteins referred to below include protein. crystals

t hensel ves, or nucleic acid crystals -1538onprising DNA or RNA whi'ch encode-
t hose proteins upon cellular uptake. This invention advant ageously )
provi des conpositions and formnul ations of crystals of proteins or nucleic
aci ds. 20 StRYPP1%% of BReLBIN sr¥dtedy shifso Infdam gfutskidd thethe art will

appreci ate ¢hpdcProiehnishabbhityYohs @R t¥ert e 'wigﬁﬁ{ﬁﬂﬁ%x;0b5t30|es
to successful fornmulation of polymer mcroparticulate delivery systens
that contr ol OYFeETBE r el EAsRTBL I pEBt BRASL afife Dxtoisiin tor wsft airlotnsi s

encapsul at echrid) 1ok ¥eeE £ 5H CRE Ei e §nrrexeb§>§<aa%t%gqe% Al pd ?Jreoetesiq'par ate

{
st ages: nuf acture of the Eroteln crystal conmposition, protein rel ease
fromthe TestH¥iry tonpeLdtionsanddi ROMPPS iStiams iafy tifitser the protein 30

rel ease. Durimigerpd ) addearof g%ﬁf@géh@%Ch@@ @ UL .0spheres containing
sol ubl e or anor phous proteins, e use of organic. solvents and

| yophi | i zatilon ar'egYsheti BeRginet | Feat AP therpldtwior sratshlei tpurdfke
Subsequently, relsasabiol el NSrofeiaUseeRELRLe L@ apsulated with
polymeric carriers. Many compounds used in
10 protein crystallization, such as salts, PEG and
organic solvents, are compatible with polymer

processing conditions. .

2. Kinetics.of dissolution. The rate of crystal

dissolution outside the mother ligquor depends on

15 conditions, such as pH, temperature, presence of
metal ions, such as Zn, Cu and Ca and
concentration of precipitants. By varying these
conditions, one can slow down the. dissolution of
crystals for several hours. At the same time, the

20 pfocess of microparticulate formation is very fast

and normally takes seconds to minutes to complete.

3. Dried protein crystals. The mother liquor can be
removed by filtration and the remaining
crystalline paste can be dried by air, under

25 vacuum, by washing with water miscible organic

solvents and/or by lyophilization.

4. Protein crystals can be chemically crosslinked to
form non-dissolvable Qr_slowly.dissolvable ' '

crystals.



noi st ure-i nduced aggregation, thus resulting in permanent inactivation. In
order to achieve high protein stability 5 during preparation of protein
fornmul ati ons and conpositions according to the present invention, it is
necessary to restrict the nmobility of individual protein nDIecuIes -- a
result best achieved in the crystalline solid state. For the purpose of
this 10 application, solid state may be divided into two categories:

anor phous and crystalline. The three- dinédsronal |ong-range order -t hat
normal ly exists in a crystalline material does not exist in the anorphous
state.. Furthernore, the position of nolecules relative 15 to one anot her
is nore randor¥in LRE SRYEpRIuS1Ge ancdquilbre atas, be elatimel 4 ved hendii ghl y

ordered crystalliBenstaleedThHS tndMRNAUS ¥ Ot Y, 48 ol ess stable
than their crystalllne counterparts. Figure 1 dé%% e rel‘ative

stability of 20 théb PéPIémFﬁQGQDpécGMMSQﬁkﬂ@ﬁiRﬁOKﬁﬂuhskiqaghmna¢1m@se

("CRL") - crosslinkedragBhphoussoh Layidh \oretald i 52e0§{5’e°r{$f”'c
sol vent, crosslinked crystalllne In % organic so ven cT 0551 -hked

crystalline withoufiif 6?58ﬁFc5§éF§éﬁ?d Fq$ﬁa$€LEﬂﬂﬁmiaﬂumomp@nﬂdﬂﬂone CRL

25 retains 80% act hMbt¥hbas gpggegggn %§5a@%ﬁﬁ%_1% 20% organic solvent. In
contrast, both anorphous and solubl'é forms of e enzyne are conpletely

inactivated within hours. The present invention advantageously utilizes
the crystalline forns op-pretgi ASHPESRUSS+Qf 30 their superior stability
characteristics. Nhlntalnlng_CTV‘TaﬁT*TrTjr order to use protein
crystals as the The protein constltuents of the formulations
and compositions of this invention may be those which
10 are naturally or synthetically modified. They may be
glycoproteins, phosphoproteins, sulphoproteins,
iodoproteins, methylated proteins, unmodified proteins
or contain other modifications. Such protein
constituents may be any pfotein, inéluding, for
15 example, therapeutic proteins, prophylactic proteins,
including antibodies, cleaning agent proteins,
including detergent proteins, personal care proteins,
Vo 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 eqﬁal to 20,000 Daltons. According to another
alternate embodiment, that molecular weight is greater
than or equai to 30,000 Daltons. According to a
further alternate embodiment, that molecular weilght is

o 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. '



protein source for preparing protein fornulations and . conpositions
according to the present invention, the 36 problemof protein crystal
di ssolution outside the <crystallization solution ("nmother 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 course3gof producing protein crystals
encapsul ated with polyneric carriers. Many conmpounds used in 10 protein
crystallization, such as salts, PEG and organic solvents, are conpatible:
wi th polymer processingncondeti amnsng2subkhngtbesiok dirssUutj The rate
of crystal dgﬁﬁglggiogooutside theh thir i quor depends on 15 '
condi tions, such aS-pH, Feﬁ%%?%%ﬁre,gEFB BRE&' of SOMErAISSSons,Yaifkd as Zn,
Cu and Ca andltogasestratienpletepegecipsbant sraBy r¥akkicRd stbhese conditions,
one can sl ow dissolutign of . crystals for several hours. At the
sanme tinme, tﬁggﬁgo%ggggggs%?'nig?%ﬁ%%Fﬁcé%aP¥dF8FﬁﬁFFoﬁnﬁéLV%#y fast and
normal |y takeslastasds ¢staiaséeslipaseppheteilade, DaingdREOtein crystals.
The not her Ib&g?{ican beh rempved by filtration and thé remaining

aste

crystal line AR he WP YA SF + | 2BRABRIIDESGaciERRSEy washi ng wi t h
wat er m sci blsulorghnsin, sohemens By s/ fd byt hyPPBEbE2akkan n4. Protein
crystal s can g, chepl cal by, gross!ipked 1o, form aon; dissol vabl e or slowly
di ssol vabl e clases an

: hydroxynitrile lyase. Examples of oxidoreductases

10 include peroxidase, laccase, glucose oxidase, alcohol
dehydrogenase and other dehydrogenases. Other enzymes
include cellulases and oxidases. :

' Examples of therapeutic or prophylactic
. proteins include hormones such as insulin, glucogon-

15 1like peptide 1 and parathyroid hormone, antibodies,
inhibitors, growth factors, postridical hormones, nerve
growth hormones, blood clotting factors, adhesion |
molecules,'bdne morphogenic proteins and lectins

. trophic factors, cytokines such as TGF-B, IL-2, IL-4,

20 «-IFN, B-IFN, y-IFN, TNF, I1-6, IL-8, lymphotoxin, IL-5,
Migration inhibition factor, GMCSF, IL-7, IL-3,
monocyte-macrophage colony stimulating factors,
granulocyte colony stimulating factors, multidrué

. Tesistance proteins, other lymphokines, toxoids,

25 erythropoietin, Factor VIII, amylin, TPA, dornase-o, -
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‘CDZ, CD3, CD4,
Ch5, CD6, CD7, CD8, CDlla, CDllb, CDllc, CD13, CD14,
CDh18, CD19, CE20, CD22, CD23, CD27 and its ligand, CD28
and its ligands B7.1, B7.2, B7.3, CD29 and its ligands,



crystals. 37 5. The crystal size and shape can be mani pul ated and
controlled in the course of crystallization. Thus, a range of crystal

mor phol ogi es, .each having different dissolution kinetics and subsequently
5 different sustained release profiles conpared to anorphous proteins, is
avail able. Protein Constituents The protein constituents of the

fornul ations and conpositions of this inyention may be those which 10 are
naturally or synthetically nodified. They may be gl ycoproteins,
phosphopr ot ei ns, sul phoproteins, iodoproteins, mnethylated proteins,

unnmodi fied pr i n o] o] Lh .ot nodi,f i cations. Suc r in
constituents g%gbb%n%nét%rgig?%?’i%@%gd?ﬁa,l Br f§35§§ﬁ5¥%8 gﬁ%fﬁpeutic_
prot ei ns, . prophy?d azhd cipodHoemnas, Cdvhz| udamgaaht abadiges,) ,clo@dd, n@ DeEgent

pr ot ei ns, in&&ggjnggﬁf}¢69§£g4prg?giﬁsa?gggégnal care proteins, including

cosnetic protélns, erinary pfroteins, proteins,, feed proteins,
di agnosti c proteins andh2tdecops aibhaitpnaptogenss. sehore emaodi nent of

LS, Tienh! Shya heh cBreeLie, bave, o 1Bl Eglar el gl oceater, than or
nol ecul ar wei §eyi sSgezasrd $hem; or 25 equal to 20,000 Dal tons. According
Lo, another o Ler ot ¢ erBRgLgEN,  Lhgka TELEGLRL VLA, | Sydteatenpten of
nol ecul ar wei ghtVis-5gréates amanLba-egqual to 40,000 Daltons. According to
adhesion molecules, such as Mac-1 and
10 pl50,95;
selectins, such as L-selectin, P-selectin and
E-selectin and their counterreceptors VCAM-1, ICAM-1,
ICAM~-2 and LFA-3;
interleukins, such as IL-1, IL-2, IL-3, IL-4,
15 1L-5, IL-6, IL-7, IL-8, IL-10, IL-11, IL-12, IL-13, IL-
14 and IL-15; ' _
interleukin receptors, such as IL-1R, IL-2R,
IL-4R, IL-5R, 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, Groa, Gropf and IL-8;
growth factors, such as TNFalpha, TGFbeta,
TSH, VEGF/VPF, PTHrP, EGF family, EGF, PDGF family,
endothelin and gastrin releaéing 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 IFNoR, IFNBR
30 and IFNvR;
Igs and their receptors, such as IgE, FceRI
and FceRII; _
blood factors, such as complement C3b,

complement CSa, complement C5b-9, Rh factor,



30 anofher al ternate enbodi nent, that nol ecul ar WBight is greater than or
equal to 50,000 Daltons. 38 Included anong such proteins are enzynes,

such. as, for exanple, hydrol ases, isonerases, |yases, |igases, adenylate
cycl ases, transferases and oxi doreductases. Exanples of hydrol ases include
5 el astase, esterase, lipase, nitrilase, anylase, pectinase, hydantoi nase,

aspar agi nase, urease, subtilisin, the[p14 sin and other proteases and

| ysozyne. Exanpl es of |yases include al dotases and hydroxynitrile |yase.
Exanpl es of oxidoreductases 10 i nclude peroxi dase, |accase, glucose

oxi dase, alco dro enase a ot her. dehydrogenases. O her enzynes

i ncl ude cell e% bx YREER . 2RS YR NP SHRETaFA i Brthbr ophyl act'i ¢
pr ot ei ns incIimhn&mMmmnes such as insulin, glucogon- 15 |ike peptide 1 and

par at hyr oi d hor none, n{lbodles |nh|b|tors %romﬁh factors, postridical
hor mones, nerve growt h' hor ABRERLD hFBBE S th @ T ddieorio rmitiatsi rs

nmol ecul es, bonsd rmasmqismem@n@r@f et ss and ve@etiiohs maly Qﬁ“a‘hll\f adQlS,
cytoklnes uch -4, 20 a-1FEN, RIFN, y-1FN TNF, 1L-86,
| L-8, otSoXJ?aﬁs{‘e‘iJLC 5CSr Rﬁ@?‘&?%%ﬂ? nRF BILEion anddiasn gudsring,. o |- 3,

rmnocyt e nacreapimgiee Col oanss | takeid Ngdipehersa @4, 06y & 1col ony
stinul ating factf_ﬂ_{%ep mul tidrug resistance proteins, ot her | ynmphoki nes,

t oxoi ds, 25 etk d?%‘f"r?lln%acstlb‘?h\ﬁ$ICMXrTﬁIliYﬁOPFP,&el@@r Rasdl &nda-
1-antitripsi mcMmmmwwéhMIéwl@ly@6$Y@tgﬁﬁwt hrsRoARRASpHONE
nor phogeni ¢ protelns ur ease, toxoids ertility hornones, EBH and LSH.
lycoproteins, HSV envelope glycoproteins, EBV envelope -
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 Immunology, 62, pp. 217-56 (1996)].

Administration and Biological Delivery

To date, therapeutic proteins have generally
been administered by frequent 1njectlon, due to thelr
30 characterlstlc negligible oral biocavailability and
short plasma life. The protein crystal formulations

and compositions of the present invention, which



Therap'eﬂutic prot'ei ns, such as the fol | ow ng, 30 are also included:

| eukocyte markers, such as CD2, CD3, CM4, CD5, CDe6, CD7,

CD8, CDl1la,

dits
CD11b, CDl11lc, CD13, CD14, (D18, CD19, CE20, CD22, CD23, CD27 an

ligand, CD28 and its |igands B7.1, B7.2, B7.3, CD29 and its |ligands, -.39
CD30 and its ligand, CD40 and its Ilgand gp39, CD44, CD45 and isoforns,

Cdws2 (Canmpath antigen), CD56, CD58, CDQQ CQ?Z CTLA- 4,
hi stoconpatibility antigens, such as MHC _§lclass | or |
Lew s Y antigens, SLex, SLey, SlLea and SLeb; integrins,

LFA-1 and TCR
anti gens, ‘the
such as VLA-1,

VLA-3, VLA-. 4, VLA-5, VLA-6 and LFA-1; adhesi on nol ecul es, such as
xgé i and 10 pT50 Y5 MR cuLatn- EésﬁdsépééﬁlnedPrséEesE|n and

E-sel ectin andsyﬁﬂamsxﬁuﬁeﬂfdﬁéﬁﬂcdﬁuégﬁwkév hE@Q@&uslkcﬁg%ﬁl nd LFA-3;

- IL-4, 1571L-5

- I L-8,

h J
Iftigleft'gi S%%E§$%4;Pé?quF Qﬁpgﬁﬁpmielgndlﬁ@@Vﬁ@anﬂeremepEors such
as IL-1R, IL- ZRtabﬂbﬂﬁRodd-ﬁﬂ%eﬂi-éﬁﬁ ﬁét@ﬁ%l&k § lfeéﬁ%% éh gheM Pfa

12R, | L-13R. |IL- 14R and | L- 20 chenoki nes,

VP L NAP-3, G, B SR L Fato} kit ste o hot TAFatphant
TGrbeta, TSH, iMEGRAVBR, SRR 2 e d A e FOFre R | @BLd e, cBYRTPS! T 1

epti CRP
and gastrin releaSIn%fecgent ééllgery of active protein.

Significant

cost savings may be achieved by using the protein

formulations and compositions described herein.

10 Formulations and compositions comprising

protein crystals in polymeric delivery carriers

accordlng to this invention may also comprise any

conventional carrier or adjuvant used in vaccines,

pharmaceuticals, personal care formulations and

15 compositions, veterinary formulations, or oral enzyme

supplementation. These carriers and adjuvants include,

for example, Freund's adjuvant, ion exchangers,

alumina, aluminum stearate, lecithin, buffer

substances, such as phosphates, glycine, sorbic acid,

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.

for topical or gel base forms may include,

Adjuvants

for example,

sodium carboxymethylcellulose, polyacrylates,

polyoxyethylene—polyoxypropylene—block polymers,

polyethylene glycol and wood wax alcohols.

30 Accordlng to ‘one embodiment of this

1nvent10n, profeln crystals may be combined with any

conventional materials used for controlled release

administration, including pharmaceutical controlled

release administration. Such materials include, for



25 grom h factor receptors., such as TNFal phaR, RGFbetaR, TSHR,

VEGFR/ VPFR, FGFR, EGFR, PTHrPR, PDGFR famly, EPO- R, GCSF-R and ot her
henat opoi etic receptors; interferon receptors, such-as IFNaR, IFNR 30 and
| FN\yR; 1gs and their receptors, such as IggE, FceRl and FceRII; bl ood
factors, such as conplenment C3b, conplenent C5a, conplenment C5b-9, Rh
factor, 40 fibrinogen, fibrin and nyelin gssociated growmh inhibitor. The
protein constituent of the fornulations %ﬂd’conpositions of this invention
may be any natural, 5 synthetic or reconbinant protein antigen including,
for exanple, tetanus toxoid, diptheria toxoid, viral surface proteins,
such as CW gF?é@BﬁSteFﬁétéygﬁ'aﬁ e1d€ AR HAVE e M RS RSOt ei ns,
RSV envel ope cghytapsotadngoel b rervaldpeysglayeomiatgi .ns, EBV envel ope 10

gl ycoproteins, VZV envelo | ycoproteins, HPV envel ope gl ycoproteins,

| nfl uenza virus glycoprgfggﬁgP %QSEPﬁﬁpionﬁaﬁplFQ$ﬁW%£ﬂ§eﬂﬁ#kﬁﬁE¥ vira
structural preterbhers ¥htaboRpayiRs onpar (@Impd sRAlRINS a R REIdE to

gl ycoprot e ns proteins. 15 Al so included

arasite _enzynes and bacteri al
are tunor ntFBgﬁs}n¥88ﬁ18§: wEéFg-Wéy,%ﬁu@FN}CGEA aFrerfdosi al i n.
Al l ergens, sughplasthbuseddusteli hadanivgee, mielr opla rtdrasst AYdgans, and
urushiol are included. Toxins, such as pseudonobnas endotoxin and 20

ost eopont i n/ UrBPLREF ¥, S¥RERBSvenom and bee venom are
In one embodiment of this invention, the

macromolecule crystals have a longest dimension between

10 about O;Ol um and about 500 um, alternatively between
about 0.1 um and about 100 wm. The most preferred
embodiment is that the protein crystal of protein
crystal formulation components are between about 50 um
and about 100 wum 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. o

According to the present invéntioh}

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. In
topical creams and lotions, for example, they may be

used as humectants or for skin protection, softening,



i ncl uded. Also included are glycoprotein tunor- associated antigens, for
exanpl e, carcinoenbryonic antigen (CEA), human nucins, her-2/neu and
prostate 25 specific antigen (PSA) [R A Henderson and O J. Finn, Advances
i n I munol ogy, 62, pp. 217-56 (1996)]. Adm nistration and Bi ol ogi cal
Delivery To date, therapeutic proteins have generally been adm nistered by
frequent injection, due to their 30 charagcferistic negligible oral

bi oavail ability and short plasma |ife. The protein crystal formul ati ons

and conpositions of the present invention, which 41 include

m croparticul af ez pagedys Ué&ébﬂ?ﬁg e&@a§ste§xétsﬁﬁohor&&Eabe&%ngﬁ&as

advant ageously permt i nproved Eatlent compl i ance ‘and convéni ence,” nore
st abl e bl ood I@QéF%uéhalBGteﬁFFg ogattoneddetPsAtiPRe 05 sl ow and const ant

rel ease Capab'&éEb§§f9Ea£98nPre§ﬁQ§ mh VSTEbOBeaQ§§Ht%%e%ﬂ%ﬁ¥o&§ﬁg§ts

reduced dosages, due to nore effiCient delivery of active protein
Si gni fi cant cb%tc@§W¢hg§Snay be achieved by using the protein

fornul ations and conp03|gbgg§dg§ C{bb@HerﬁﬁantlgnEQr |§Eh9@§d%%q

conpositions conprising protein crystals in polynefic delivery carriers
according to thpsludyeat henansay ahtwatsnpnfselanys. coavebei tmeak tear rirer or

adi vant used ATbNarRLEE: cpNRy TRCeUbIEBl 8 nBEABONAL chALE [ Or Tl Al ons and

15 conpositions,” veterinary at1ons oral "enzyme  suppl ement ati on.
These carr|erspbﬁﬁmég?uvaﬂ@élyn@fﬁ@@th$o@m@Nahpbé,pFDEde sradjgvaitc, ion

exchangers, —alumnay 2L 4Lnym stearal &1 E&EALDL P oRUEECEonposition
10 for a period of time sufficient to treat a condition in
the individual to whom they are administered over some
period of time, Alternatively, individuals may receive
a prophylactically effective amount of protein or
nucleic acid crystals or crystal formulation or
15 composition of this invention which is effective to
prevent a condition in the individual to whom they are
administered over some period of time. |
Protein or nucleic acid crystals or crystal
formulations 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 cryétal or crystal formulations or compositiéns
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



substances, such as phosphates, glycine, sorbic acid, 20 potassium sorbate,
partial glyceride mxtures of saturated vegetable fatty acids, water
saltss or electrolytes, such as protam ne sulfate, disodium hydrogen
phosphat e, sodiumchloride, zinc salts, colloidal silica, nagnesium
trisilicate, cellul ose 25 based substances and pol yet hyl ene gl ycol.

Adj uvants for topical or gel base forms_ngy i_nclude, for exanple, sodium

car boxynet hyl cel | ul ose, pol yacryl at es,
pol yoxyet hyl ene- pol yoxypr opyl ene-bl ock pol ymers, polyethyl ene glycol and

wod vex al cohalbp1 130 AGsOLH: B J@:ane, Lriodi SBnt of (thL 5. I nyenti on.
r

protein crystals may be conbi ned wth any conventiona PaP$ used for
control |l ed reléﬁyétaédﬁpﬁﬂ§ﬂﬁéﬂp@ﬁ qquﬁqmﬁ¢ﬁﬂtﬁﬁmﬂaceutlcal controlled

rel ease adm nistration. puehmiRleriialss i nelude, coatlngs,
shells and filnms, such as enteric lcgatlggs and %@ﬂ%? %oa | g§r¥n8 filmns.

Prot ei n fornulBFPBﬁgiPﬁtﬁ6l;ﬁéﬂ@éaééﬁnﬁyand(ﬁ@me§E¢Eambcmmmpsnsuﬁgs

(conposi tiops)paseerd Bg hAciaikthhs bnvenfd {# be devi ces such
as i nplantabl e devices and nay be n%croparf?%hﬁ%?ég eln °%%$¥6§

systens. |n onBfeRBBAPFRALOBE ﬁﬁF@rﬁh@@thmthxﬂm&nv&nﬂmmDhmxuIelscybéals
have a 'OngeStsgﬂgﬁﬁéﬁoﬁreﬁt%ﬁ@ngrégpaQ§$§s(%gﬁh§“5¥¥ﬁ$ qQ t 500 m

alternatively between. abou 1"m and abou §? preferred
enbodi ment is %hﬁ?s?ﬁéspr6FéFHl@5ys§§h66EQNwmkﬂnDpaonnkﬁsfornulatlon

conponent s arempgguggﬂegggugnéocgbsgmgSabout 100 min their |ongest

di nensi on. Such
For such uses, as well as other uses

according to this invention, protein or nucleic acid
crystals or crystal formulations and compositions may
be formulated into tablets. Such tablets constitute a
liquid—free,_dusc—free form for storage of protein or
15 nuc_leic acid crystal or crystdl formuiations or
compositions which are easily handled and retain
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 ligquid
dosage forms, such as liguid 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,



15 crystals may have a shape selected fromthe group consisting of:
spheres, needles, rods, plates, such as hexagons and squares, rhonboi ds,
cubes, bipyramds and prisns. According to the present invention, 20
encapsul ation of protein crystals or protein crystal fornulations in
polymeric carriers to make conpositions may be carried out on protein
crystals which are crosslinked or uncrosshignked. Such protein crystals

may be obtained comrercially or produced as illustrated 25 herein. Protein
or nucleic acid crystals or crystal fornulations and conpositions

according to tBigcihByeBbrBACTBY-ike YRAGAS IMHSB L S ho-peLsonal care
conposi tions, ggcludlag cosnetics, such as creans, 30 |otions, enulsions,

f oans, washes, S¢BAPRLES, MYEFEIeShPts SELUIATAT ierge ke r B2t pragsds past es,

ointments, sak¥esr, bahlMes EF0RS e cEHIMALS ANt GUNSENSENS i fe topi cal
creans and |l otions, for exanple, they nmay be wused as hunectants or for

skin protectioftlEaFeenfhgodaym prézoeiy PRASRAtRy, wRprot el ontdon,

lipid renmovel, ziABi skutkzi 88116€6ah0ratiiQ, %@&f@éﬂlﬂp,Sof{Arigf%pég{écati on.
|

They may al so be_used as anti-oxidants in cosmnetics. ccording to this

i nvention, anyCfhdivPataPasednerhatag aasmans podivadiy lene whvesl - may be
treated in a phpEPBREEHt SRl Lypacaephable IMaaner f@ﬁd& %aqu{é@f&éf{“ cally

ef fective anmount™ of protein or nucleic "acid crystals or "a crysta
formul ati on orf@bnpoeTRidn 9divR sapbeoxymeshliosd Kufdsei ent to treat a

condition in polyacrylates, polyoxyethylene-polyoxypropylene-block
10 polymers, polyethylene glycol and wood wax alcohols.
The most effective mode of administration and

dosage regimen of the protein.or nucleic acid crystals
or crystal formulations or compositions of this
invention will dqpend on the effect desired, previous

15 therapy, if any, .the individual's health status or
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 préparation will

contain between about 0.01% and about 80% protein



the individual to whomthey are adm ni stered over sone period of tine..
Alternatively, individuals may receive a prophylactically effective anount
of protein or nucleic acid crystals or crystal fornulation or 15
conposition of this invention which is effective to prevent a condition in
the individual to whomthey are adm nistered over sone period of tine.
Protein or nucleic acid crystals or cryst%I formul ati ons or conpositions
may be admi ni stered alone, 20 as part of ] phar maceuti cal, personal care
or veterinary preparation, or as part of a prophylactic preparation, such
as a vaccine, Wt r_. wi_t hout dj yvant. Th may. be_adm ni stered by
parenteral or Cra/rsgaarsdutperse%uef—rcﬁwaglr’f%i"ée,eq r@j/’%yl be2RdnfAPYt er B8 by 25
oral, puInFnapypt@amMergnﬁﬂs @wﬁﬂx.(kﬂlﬁﬁnnﬁxﬁﬂéﬂy, %nﬁf %ﬂgﬂﬁmT _
intramuscul ar, .i.ntraarterial, intraperitoneal, cgsal, sublingual,

subcut aneous, w&rﬂ icr?trlfcﬁl&naﬁ)leé:lwere@ut SELY Oe'{]q]%"érarﬁaﬁ%‘ééuﬁ%aﬂ’?o’b%%%onal
care or veter corgsyadpfloraatliadnisn, pirateeidy 1 Zsd Bide 302860 € € yst@l or -
crystal fognul ation r conposi tions y. be topically adm nistered to any
epi t hel i al 5 s %nge.%ogﬂcﬁré’ iSe G715 ffe?cré%‘”i%d%@”@r’hi , ocular, aural,
anal and nasal surfacesUposhi dhpFaycherit eat athe piriieei@gs1 repai red or

detoxified by 44 . pglication of protein or nucleic acid crystals or
crystal fornuf:gpfi&ﬁé Br GoRpaditenanse Biraemede REALA LN por Sl iar e,

veterinary oracprophykaeallisC ofr0iylsahiloFs raid GAPRSidH WSS iy 5
protein or nucl ei.g acid .cr.-%%t al stal formul ations or conpositions

or .gr
according to PRYs“Fnd8Rtrd ﬁ&ﬁdalég- Cessary. Subsequently, the

10 dosage or frequency of administration, or both, may be
reduced as a function of the symptoms, to a level at
which the improved condition is retained. When the
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, crvstal formulations
. and compositions:
20 According fo the one embodiment of this

invention, crystals, crystal formulations and
compositions are prepared by the following process:
First, the protein or nucleic acid is 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 concentratiQn 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



selected fromthe group consisting of tablets, |iposones, granules,
spheres, mcroparticles, mcrospheres and capsules. 10 For such uses, as
wel | as other uses according to this invention, protein or nucleic acid
crystals or crystal fornulations and conpositions may be fornulated into
tablets. ‘Such tablets constitute a liquid-free, dust-free formfor storage
of protein or 15 nucleic acid crystal or cr stal fornulations or
conpositions which are easily handl ed and Tetain accept abl e | evel s of
activity or potency. Alternatively, proteln or nucleic.acid crystals or

crystal formulgtjons,,or co tions in avariety o
co%ventional p%t ?%}%BCEQ%F% eﬁo?ﬁ?nﬁéﬁFﬁPEtFétP@ﬁwﬁéinSQFHe OrQacti ve

conposi tions. thhes¥ . | Mtheideother Bxqupteissehed, reeBvesokirdmandel i quid

dosage forns, suc s | UId solutl S Qr._suspensi ons slurries, gels
creams, bal ms,© {; ?é Fotfo %%ypg%ﬂEFE 19Br 8¥sbYf oans, paste

oi ntment s, sakm&&mlﬂuﬁamldmmicB@ﬁﬁ@q&E@teyn @hen@Qb§t§l§CthCQ¥§B§BS on
invention may al so conprise

formul atio itions according to_t
any conventloﬁﬁtlzﬂgxiﬁ ot TS A i1 %gegolﬁopﬁQPHBEEGtPEam@repersonm

care conp05|wngthU s&ﬁﬁﬁmtgﬂshémﬂﬁwJafb@”éxaﬁb@é? c€RERbErS and

adj uvant s |ncIu Z qe exaqﬁf Freund' s adLuvant I on exchangers al um na,
al uni num st eafate 2" ecit ORARG ero%S UBERRhcRSS T akEeN ﬁét%ﬁbsﬁha¥@§m 45

gl yci ne, sor biterpeird,t s assi atm Sigrat £ upaEt batwe8hycesi de 44 xd sirqs of
saturated Veg%&ab%%.gﬁéfgég¥ék%he drled either by passing a stream

10 of nitrogen, air, or 1nert gas over the crystals.
Alternatively, the crystals are dried by air drying or
by lyophilization or by vacﬁum drying. The drying is
carried out for a minimum 1 hour to a maximum of 72
hours after washing, until the moisture content of the

15 final product is below 10% by weight, most preferably
below 5%. Finally, micronizing of the crystals can be
performed if necessary. '

According to one embodiment of this

invention, when preparing protein crystals, protein

20 crystal formulations or compositions, enhancers, such
as surfactants are not added during crystallization.
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



water, salts or electrolytes, such as protam ne sulfate, disodi um hydrogen
phosphate, sodiumchloride, 5 zinc salts, colloidal silica, nmagnesium
trisilicate, cellulose-based substances and pol yethyl ene glycol .

Adj uvants for topical or gel base forns may include, for exanple, sodium
car boxynet hyl cel | ul ose, pol yacryl at es, '

pol yoxyet hyl ene- pol yoxypr opyl ene-bl ock 10 pol yners, pol yethylene gl ycol
and wood wax al cohols.  The nost effectivé®mwde of adninistration and
dosage reginen of the protein or nucleic acid crystals or crystal

formul ati ons or coqggsitions of this invention will depend on the effect
desired, previthfs A5VRS aphPM i fheaMPthes {AENOF danf' suURPEhERCstAL (ideor -

status of the sandtdon d+ s:'@icjrmdarrteswnﬁewﬁ.th@hepm%%ai%tn%' eic acid
crystals or crystal  fornulations or conpositions and the judgnment of the

treating physiCi@PLIN TG HRDravei Rher ipguhatienctavkd emgstal s or

crystal fornultatd Endras GRS idd s vy Hsoadm ni stered in any dosage
form acceptable for pharmaceuticals, vaccinations, gene therapy,
i mrunot her apy, personal care conpositions or veterinary fornulations, at

one time orm over a seri s owRefeddLat M SandNE28PYOL of the protein or
nucleic acid crystals or crystal formulattons or compositions which

provi des a singl e dosageWatohPeTy SFERRMHISRE Wpbntkhe ipwentéohar node of
admi ni strati orndaydilatican.oda59a3@ d ei"r%'p(g&% Pcfé%f'ggg-%f?‘o%ﬂiecal
0

preparation will contain between about 0.01% and about _ referably
bet ween about CERPATE GBS Useulpiter dinfal palkleits ssufifexiygt frem(w w) .

Al ternativelyinttaRanatiigas¥ deficiency. Such patients include
10 those with pancreatic steatorrhea, due to advanced
pancreatic insufficiency require oral lipase
supplementation. Unfortunately, current therapeutic
methdds may not be flexible enough to protect the
active lipase during transit through the gastro-
15 intestinal tract and to release the énzyme activity
where it is critically needed in the small bowel (See
L. Guarnerlgi_gi., "Fate of oral enzymes in pancreatic
insufficiency," Gut, vol. 34, pp. 708-712, (1993)).
'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 1into the more distal bowel. A similar strategy may be
used to solve other enzyme or therapeutic protein

supplementation problemns.



contai n between about 0.01% and about 80% protein - 46 crystals,
preferably between about 1%%6 and about 50% protein crystals (Ww.
Alternatively, a preparation wll contain between about 0..01% and about
80% protein crystal fornulation, preferably between about 1%%6 and 5 about
500, protein crystal fornulation(ww. Upon inprovenent of the
individual's tcondition, a naintenance QOES of protein or nucleic acid
crystals or crystal fornulations or conpoSitions maybe adm nistered, if
necessary. Subsequently, the 10 dosage or frequency of adm nistration, or

both, may be reduced as,a function of the s tons, to a level at which
t he i nproved conditioniﬁ??eﬁ%ﬁ%ﬁﬂf V%%ﬁnFH@quﬁﬁd?{?BnuﬁéilﬁéeﬁtgﬁFeviated

to the desiredleveateledseaiamnidshoyl ds cemsen dnds vi doehsbaBYd Rowewer, 15
require intermttent treatment on a |long-ter asj s, upon any recurrence of
the condition Y & t%ChnﬁWe‘feeg??erPr%%%fc??%%de‘ley%gﬁflg,su pG&cal
formul ati ons et «cionpasidtians catAnchigi ngriicndhe oneieshodsmert of this
invention, crystals, gﬁystal f ormul ati ons_and. cqﬂgositions are prepared by

the fol | owithg PrHotlss:CF FFRCS AL ot & IR P HUCHETR - acTd®i BUEPYSEal | i zed:
Next, excipi endfs t0rid ngradiiefiis iselestpebframsugnistard sagal akcohol s,

el 51 Ty1 g agBAE R a (e RGNS St Ve G KR 07 dHBekBabFng agent s
are added direeirdthd.0 thehuhaddgusn N tieigwaitiae! ynt th@eenyst gl s are
suspended in %&d can be safely replaced and removed when needed.

10 Other formulations and compositions according
to this invention include vaccine formulations and
compositions comprising prbtein (antigen) crystals,
adjuvant and encapsulatihg polymer (s). The protein
antigen may be a viral glycoprotein, viral structural

15 protein, viral e_nzyme, bactérial protein,. or some
engineered homolog of a virai 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. In 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 responée.
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



30 excipient solution, after the nother liquor is renmoved, for a mninmum
of 1 hour to a maxi num of 24 hours. The excipient concentration is
typically between about 0.01 to 30%WW Mbst preferably between about 0.1
to 10% The ingredient concentration is between about 0.01 to - 47 90 x.
The crystal concentration is between about 0.01 to 95% The nother |iquor
is then renoved fromthe crystal slurry_either by filtration or by
centrifugation. Subsequently, the crysfaP are washed 5 optionally with
solutions of 50 to 100% one or nore organic solvents such as, for exanple,
ei ther .at room.

et hanol , nethan I SQPropanol .or, et hyl ~acetate .
tenperature Of gggpgn%lPhgprégxﬂéFﬁﬁ%ﬁ¥Q%OP?§?bP%¥ RO a¢pBvepystals are the
dried either bley reassimeg drsttheamlbenft niéd ogeMng ank cresphBekts &S over the

crystals. Alternatively, the crystals are dried by air drying or by
chE %&lﬁ’rﬂsdﬁﬁdx&omﬁ%sjdﬂl‘?% is ¥EaFPi1§d BYt for a

| yophi lization or By Vv _
m ni rum 1 howettiend mexuhamiohs72n heanstafdesasvashl Dgnot URL1E tBepBDI st ure
nost preferably

content of t final, .prqoduct. i s bel ow 10% by wei ght,
o o 508 Sl hEer ed, ML ERPTE FIBES §E GRATEI S GRROBEC sBF P bR RBHONT
necessary. Aegendistigindeaneocasbddisersenf tdries of nyentiionn whenapeepari ng

B oSk i e Bl sRPaORES Bl O L BTRE o
Exci pi ents omahygrediientisnar enadded tdente ams hasasibosior ?fter
CrySt L) 22t B BGOn SRRl LALLER O o SeluEen shout LW,

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
formulat;ons 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 bé 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 fdrming a composition comprising

30 microspheres can be driéd by lyophilization.
Lyophilization, or freeze-drying allows watér to be
Separated from the composition. The protein crystal
composition is first frozen énd then placed in a high

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



alternatlvely at a concentratlon of betmeen about 0.1- 50% WW The
excipient or ingredient is incubated with the crystals i n the nother

|l i quor 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 enbodi nent of this invention, the ingredient or excipient
is dissolved in a solution other than the not her |iquor, and the protein
crystals - 48 are renoved fromthe notHer quuor and suspended in the
exci pient or ingredient solution. The ingredient or excipient
concentrations, and the_jincubation. tinmes are the sane as those described

above. 5 Sl ow e EHiE B nREQRBIVaEEY Al | FORROSidr canbedilment of this

i nvention, ermusaﬂraim@rbmyl tpasesghBlPobyiRid GaGalt i ek Jprovi de
conpositions useful to tr ﬁatlents suffering from intestinal |ipase
deficiency. SEWPaTEN s ?ﬁE %Hesiﬁb%ﬁbééswﬁpﬁ FaAePsatienseast orrhea, due

to advanced panweaticr i assiféi cseneygeegtlr € randborkRasen s¢ppl enentati on.
Unf or t unat urreﬁﬁ t hera eutlc net hods may not be fl exible enough to

c
pr ot ect thg4 Fo ST YR FREEE r 2R BREN 6D TRRBI§ESt ro 15 i nt esti nal

tract and to rel ease thermyﬂ@a@@fé VikYes @'iﬁlllgz b\%s%bbh%a%)é needed in
the small bowel, (See L. CGuarner et al ate of oral enzg '
pancreatic i IR WSy PrR1Ng And 3vacppnesoshich cangbg)). The

flexibility ofdidierpyasenttd ryﬂml@ruwepgeaeuegcgﬁtﬁhm%é avai | abl e
active |ipase solves the present problenms often associated with |ipase
ampules” ) or alternatively, any desired increment of

suppl enent at i
10 a 51ngle dose as a slurry, in a formulation or a
composition. The ampules containing the dispensed
slurries, formulations or compositions can then be
capped, batch frozen and.lyophilized under sterile
conditions. Such sterile containers can be transported
15 throughout the world and stored at ambient
temperatures. Such a system would be useful for
providing sterile vaccines and therapeutic proteins to
remote and undeveloped parts of the world. At the
v point of use, the ampule is rehydrated with the sterile
20 solvent or buffer of choice and dispensed. Under this

scenaric, minimal or no refrigeration is required.

Protein Crvstallization

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’
Enzymol., 114, pp. 112-20 (19855.



According to one enbodi ment of this invention, the conbination of

encapsul ated |ipase crystals (conpositions) and unencapsul ated crosslinked
| i pase 25 crystals or formrulations provides a drug therapy reginme in which
enzynme activity is available early on fromthe - unencapsul ated crosslinked
| i pase. As this material wundergoes proteolytic degradation, the

encapsul ated enzyne (conposition) begins to rel ease enzyne activity 30
into the nore distal bowel. A simlar Straegy may be used to sol ve other
enzyme or therapeutic protein supplenentation problens. 49 The present
invention may also utilize other slow release nethodol ogi es, such as

silicon based rings CHM$5Q%—§%ﬂcﬁnﬁaGél%ééﬁnﬁveﬂmaﬂéd_ﬂéﬂh;gnmﬁﬁsulated

protein crystal,s montsi-nsag mwpnﬁéveae&fn{a@%esc% ﬁ@ﬁ%ﬁ% Qs
conposi tions contalnlng then1 The purpose nique is to prOV|de

a constant | &felPTHteHDtENG @%ﬁ%ﬁé0b¢©®d§tﬁééﬁ1baée heperi od of weeks or
mont hs. - Such dAplents £an, bes ineerted LoLragdeaBlbys andoeamnbe safely

repl aced and renoved when needed. 10 Other fornulations and conpositions
accor di ng > t FhaV YR FEY DR hetedle VAcePRRERGE vl afi ongsards eompositi ons
conpri si ng pch{yedtrhl(l@.nztdth?dH ﬁéaﬁ@és,asa\gwyagg gn ggggegyt,ayfng
polyner(s). The protein antu%ﬁn may be a vira rotern; viral
structural 159¥dstdiatesiqhls %@dmpr%ﬁgx@ragﬁ @M©l%iﬂ aoidsone engi neer ed

honol og of a swirmalt@fe Hact LAl n P A&l Nyy Ofhe & yot nﬂggéeﬂ%hﬁthgg
protein, such as a cytoklne One enbodiment o fornula I'ons “or

conposi ti ons ﬁq“ﬁﬂQRﬁbﬁyﬁﬂrﬂﬁﬁ%QQﬁknbﬁb¢r@@@IYohhtbmtéwmwng
10 pdb.bnl.gov; Bernstein et al., J. Mol. Biol., 112,

pp. 535-42 (1977)]. These references can be used to
determine the conditions necessary for crystallization
of a protein, as a prelude to the formation of
appropriate p;ote;h cfystals and can;guide the
15 cryétallizatiqn strategy for other.pr'oteins.
Alternatively, an intelligent trial and erfor search
Strategy can, in most instances, produce suitable
crystallization cond;tions 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-expefimentally to be appropriéte
for the induction of crystallization and acceptable for

30 the maintenance of protéin 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



20 m crospheres having three or nore different release profiles. In this
way, antigen fornulations or conposition may be rel eased over a sustained
period sufficient to generate lasting inmunity. By virtue of this:
formul ati on -or conposition, nultiple antigen 25 boosts may be in single
unit form The faster degrading preparation (conmposition) may contain an

i munogeni ¢ adj uvant to enhance the i nmune response. One advantage of such
a systemis that by using protein crySTe@%,"the native three-di nensi onal
structures of 30 the epitopes are naintained and presented to the inmune

systemin their native form Once the i mune systemis prined, there nmay
be | ess need £BF &R€3dj GORAEPEFRELONSTREFCeLELEI MRt & XROMREG T e} adi ng

i nocul ations, ta Eg&alﬁﬁgu@oggpgﬁaiqiz@@h@ﬁant may be included and possibly
no adjuvant nmay be required in the slowest de radLn%'nicrospheres of the
formul ati ons and conposﬁFiéﬁscFlFﬁCPHi§°w€9ffeg§ﬁ§%ﬂ SHARAYREDNs in remote

areas will notmBayBole beeliprieated Rkt icRhethilmesnd maafderat o provide
protection_ agai nst _infectious diseases. One of skill in the art _of
bi ol ogi cal 2deFFY&FF Lot nEr BEéRAL i FE EppPEli e thRats O lnghy 82§ 5 ons on

this theme arfateasi blaichAssondisrahyt thermexaephaespraidedihese are not
10 intended to limt the invention. |In another enbodi nent of this

i nvention, a SEBRBinafF¥AtPaECAAEPEBYI GNBEAFEHEEEAC WFGFT8ERS munity to
nul tiple di seagesubisngndutadtiiBeassiriigh@rin eabiradteAs dics qussid above,
m crospheres having different 15 rel ease profiles may be conbi ned al one or
in and optical properties such as refractive index and
10 birefringence. A crystal consists of atoms arranged in.
a pattern that repeats periodically in three
dimensions. In contrast, amorphoﬁs material is a non-
crystalline solid form of matter, sometimes referred to
as an amorphous precipitate. Such precipitates have no
15 molecular léttice.structure characteristic of the
érystalline 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,



formul ati ons and conpositions and may include mcrospheres containing
antigens fromnultiple infectious agents to produce a conbination vaccine
(formul ati ons and conpositions). For exanple, 20 m crospheres having

mul tiple release profiles and containing antigen crystals of neasles,
munps, rubella, polio and hepatitis B agents could be conbined and
adm ni stered to children. Aternatively, gq crospheres having nmultiple

rel ease profiles and containing 25. crystals of different isolates of HYV
gpl20 could be conbined to produce a vaccine for H V-1 or HIY—Z. Anot her
advant age of ¢ t vent on is_that th rotein._crystals
encapsu?ated Ianﬁ%sﬁb @%%? e T1ef8 éﬂ&ePgﬁﬁl (g OF Sddmpadick rgent

conpri sing 3Gmd ctrktfspiwye‘sabhnvbelcﬁiulmddbuml yophit lréalﬁll@@ exb&ﬁ@@l@lﬂdgzell_':]i on,
or freeze-dryi.n aII ws, water -to be m t he conposition e
prot ein crys¥§F9 oSt i OACT s FTI75ET fﬁb%@hﬁﬁnéoﬁﬁéﬁtpﬁié§&mln a high
vacuum In a vacuum trMamyysfaimerpr&ﬁéhﬁsbfbﬁeahléb IgaV|gg t he prgteLn
crystal c 0sl he |nd cont |n1 y bound wat er uc
prgceSS|ng urﬁ%er 5 {; TR T $?¥ iﬁﬁag LS@E HSFCééQQQr
storage and mﬁanﬁnnnigﬁdcnbeprébéggnpfdtgiﬂnceyeteﬂeda@&bk@mhgtQ@DeratUFeS-
Thi s feature IS especgﬁ: des theﬁggeu i cC proteins and vaccines

whi ch can be i pehs 0 S %d%ENﬁ%gebgtﬁ? Wﬁgﬁérsthetaﬁﬁﬁles") or
al ternativel ysorahyt idess regbomesmentmed t 10f atBengbevedosetag a slurry, in a
formul ation Ve B rrLH %a}\}eoqoeel;lheop uzl.zegdctc:)gt ga}llging EgemglsspenSEd
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 production of the smaller crystals used in
15 making.protein cfystals 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 poiymeric 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



slurries, fornulations or conpositions can then be capped, batch frozen
and | yophilized under sterile conditions. Such sterile containers can be
transported 15 throughout the world and stored at ambi ent tenperatures.
Such-a system woul d be useful for providing sterile vaccines and

t herapeutic proteins to renote and undevel oped parts of the world. At the
poi nt of use, the anpule is rehydrated mnég the sterile 20 sol vent or

buf fer of choice and di spensed. Under thi scenario, mniml or no
refrigeration is required Protein C}ystalllzatlon Protein crystals are
grown by control taIIrzatron ofngroteln rom aqueous sol utions or

25 aqueous soPEP 8HsD¥o E?HFHQ BP§afti'c S5t i 19h WYndi ti ons t hat

may be controkhedounalitigeentoronryanpl(e,. ¢t.he p}atet@ﬁpeeﬁ/a’:tpmatl@ﬁ of
solvent, organic saolvents, the presenc f appr.opriate co-solutes and
Fafandiive rovis

buffers, pH ahBeFBRP¥PAPFeeACEoffiF&Ne DI BRTHL YT i ous
factors affectiagrbhmaciystalyl bzati on of proteins has been published by

McPher son, _Met hods ynmol., 114 . 112 2 McPher son and
Glliland,?J. Crus%aE é} m%hAA §6515§ 55159 93§§Lﬁé 2conpi | ed
conprehensrve | i st shafbeplnt ehasrenfentcl-ei>c 2ag-ds vHlzalahave been
crystallized, as well as the conditi ns under which 5 they were

crystal lized. A conpendr untBEI&rystBfs “afd® GRPURT (Wi itGf Felies,

wel | as a repgshteiynefitgoordi nates of solved protein and nucleic acrd
structures, is maintained by the Protein Data Bank at the Brookhaven
Nati onal Laboratory [htTp/YWehe ¥ 1S 2 trlgger

10 -- where AA, and AA, repreeent 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 resulté in breakil-ug 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 -—> AA;-X-—-Z-AA,
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 follpwing 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-0O-NR', imidoesters R-C=NH2"(OR'), anhydrides RCO-0-
COR', carbonates RO-CO-O-R', urethanes RNHCONHR', acid



10 pdb. bnl.gov; Bernstein et al., J. Ml. Biol., 112, pp. 535-42 (1977)].
These references can be used to deternmne the conditions necessary for
crystallization of a protein, as a prelude to the fornmation of
appropriate protein crystals and can guide the 15 crystallization strategy
for other proteins. Alternatively, an intelligent trial and error search.
strategy can, in nost instances, produce suitable crystallization
conditions for many proteins, prOV|ded th#t an acceptable level of purity
can be achieved for 20 them|[see, e.g., CW Carter, Jr. and CW Carter,
J. Biol. Chem,k 254, B 12219-23 (1979)]. .In general crystals are |
produced by coibi AERgRERB2 br bvBRREt Habgac PedPaEN) ze @M1t B valr a zdmtsrsopr | at e
aqueous sol VerkCONNRIREPUS- 50 Y €8bu2eac0REALBLAGNRAPRLYRMRAE _
crystallization agents, such as salts or organic solvents. The solvent is
conbined with the protelh- andeaayibe sabpesyédoreuasi eal exeapld fied

tenperature dedes i neshpapericBot ahhyxbooResaRPHAP! i gkt figr the. induction
of crystalk%zatlon and acceptable for 30 the nai nt enance of protein

activity ami StbiHaR ., PREalsoIRRHOARR ‘opt iFsdiive reaklenyb- sol ut es,

such as™ di valcezmwﬁm@s:fu@@ti@&&prareﬁpghﬁﬁ&mpeé tgas\éﬁw L3S buffer
speci es to control he need for Co-solutes 53 and their Cconcentrations
are deternined“%&kkﬁ r&#ﬂ%ﬂ?yar¥OP¥aEFPF?éPel@$9§%éLFﬁiapnonndlt is
critical to dlcfrfces*ﬂrtitmai hetveeds - AIRERNONSL RE €€l Pk a talline
material. 5 stalllnelﬁ%terlal |% a formof the so%géﬁ§e r[]Ei%%&:‘rnatter,
which is dIStI“ - : ombusP 5er¢g Chemical Company,

10 Rockford, Illinois (1994); S.S. Wong, Chemistrv of

L 3 A

Protein Conjugation and Cross-Linking, CRC Press, Boca
Raton, Florida (1991)].

III. Alkyl or aryl donors are exemplified by:

- alkyl.or aryl halides R-Hal, azides R-N,, sulfate

15 esters RSOszR', phosphate esters RPC(OR'3),'alkyloxonium
saltS'R30+, sulfonium R3S+, nitrate esters RONO,,
Michael acceptors RCR'=CR'"COR", aryl fluorides ArF,
isonitriles RN+=C-, haloamines R,N-Hal, alkenes and
alkynes. |

20 IV. Sulfur containing groups are exemplified
by disulfides RSSR', sulfhydryls RSH, epoxides RZCSCR'Z

V. Salts are exemplified by alkyl or aryl
ammonium salts R,N+, carboxylate RCOO-, sulfate ROSO;-,
phosphate ROPO;" and amines R;N.

25 Table 1 below includes examples of triggers,
organized by release mechanism. In 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
électrophilic displacement including halides,
aldehydes, carbonates, urethanes, xanthanes, epoxides

among others.



state. Crystals display characteristic features including a lattice
structure, characteristic shapes and optical properties such as refractive
i ndex and 10 birefringence. A crystal consists of atons arranged in a
pattern that repeats periodically in three dinmensions. In contrast,

anor phous material is a non- crystalline solid formof matter, sonetines
referred to as an anorphous precipitate. Such precipitates have no 15

nmol ecul ar lattice structure characteristie’of the crystalline solid state

and do not display birefringence or other spectroscopic characteristics

typical of the crystalline forns of matter. I.n an industrial-scale process,
the 20 controll eprleC|p|tat|on Ieadlng to crystalllzatlon can best be
carried out by thesimpte combrmattomr of—proterm—prectprtant—eco-soh ut es
and, optional [¥rigg@Ffers in a bpf¥ampieeess. As andkéksasption, proteins
may be crystallized by using protein 25 precipitatgCesditiossarting
material. In s ca mmeu1 Clpitates are gqded to a
crystallizatip E §8FatF89 frd |nF§b§t% untl crystéfsCFbﬁ#W”ﬁlternatlve
| aboratory cr FfZation met hodS | yifC R & dpora WY $ ¥ 8isi on,
can al so be adopted_ . 30 McPher sjor %% 'a % II|Iand supra, inclugle a
conprehensive|list of suitable co 5 |hc PRt r reviems of the
crystallizatipn literature. Qccds? ¢ §._§9Ee5%es [in which the
crystallized psotgLBei §a,5918e crlossdi rH4 . inggnpat gullé bet ween an
i ntended drosptipkipg agent amjég§b5ga@@§Jllzat|c cﬁun1m require
exchangi ng *+ R'O-CONR,
Carbamates
+ R,'NCONR,
Urethanes
* Aldol, Michael
adducts, esters
3. Fluoride R-0SiR; Agqueous F~
Labile Linkers - Various Si
containing
linkers
4. Enzyme * RCOOR, RCONR,' Free lipases,
10 Labile Linkers amidases,
\ esterases
5. Reduction « Disulfide H, catalyst;
Labile Linkers linkers that Hydrides
cleave via
Hydrogenolysis
* Reductive
Elimination
*+ R'-S-5-R
6. Oxidation * R-0SiR; Oxidizing
Labile Linkers * Glycols R- agents: e.d.
CH (OH) -CH (OH) - H,0,, NaOCl, I0,”
Metal based
oxidizers, other
hypervalent
oxidents
15 7. Thio-labile . -5-S5-R Thiols, e.g.,
linkers Cys, DTT,
mercaptoethanol




the crystals into a nore suitable solvent system Many of the proteins for
which 5 crystallization conditions have already been described, may be
used to prepare protein crystals according to this invention. It should be
not ed, however, that the conditions reported in nost of the above-cited
ref erences have been optimzed to yield, in nost 10 instances, a few | arge,
diffraction quality crystals. AccordlngI§ it wll be appreciated by those
of skill in the art that sonme degree of dj;ust nent of these conditions to
provi de a high yielding process for the |large scale production of the

smal | er Crystga_l_g_u_;ed ln 15 making protein crystals the present invention
may be nece$Iaiyge@ osslinking g&aﬁﬁpggln Crystal:Re@gggEdlng to one
enbodi ment off this invention, for exanple, the re ﬁﬁal%§8850f the protein
20 from t he pebtyrerte—earrer—{porpoesition)—naybelslowed "and contraoll ed
by using prof&i.n depstyaMetaiat haveabeens shawilcal yréﬁ@§§hbﬁk&@t@§|np a
crosslinker, | $abh las Liiokerexanp] Btharbi oconpat i bl e| bessal rakgentEhus,| once
protein crys1als have been gr owROCHAHuCHRDI e med| ypy, 25r] hgy, may, be
crosslinked. | Crosslinki ng may ﬁ%AbbyljeHcgmt usi ng CﬁﬁVE[Slph¢
crosslinkers| in parallel or in semuenteestébe resubtpagogrosslinked
protein crystals are character} zed by a reactive nuétaiygﬂgtlonal | ijnker,
30 into which g2 T S _ITCorporated—as a Separate—grotp—FHhe—+egct i ve
functionality is PhggP véaiils Ilh%Pﬁbl¥6@€?ﬂéVlre ctigkt afhwnb acid silde
chains in a | prBE&FA and the trii § ) consists of & bond that can be
ESYL groups
in linker
5 10. Free * Thiohydroxa- * Free radical
Radical Labile | mate ester initiator
Linkers {Barton ester)
11. Metal- e Iron (III) : * Metal removal
chelate linked diphenanthroline e.g. by
: T ' 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 typés of reversible crosslinkers are

disulfide bond-containing crosslinkers. The trigger

breaking crosslinks formed by such crosslinkers is the



- 55 ‘broken by altering one or nore conditions in the surrounding
environnent (e.g., pH, tenperature, or thernodynamc water activity). This

is illustrated dlagrannatlcally as: 5 X-Y-Z + 2 AA residues -->.
AAB, - X-Y-Z- AA2 change in environnment --> AA3-X+Y-Z-AA2 -- where X and Z
are groups wth reactive functionality -- where Y is a trigger 10 -- where

AAl and AA2 represent reactive amino acid residues on the sane protein or.
on two different proteins. The bond bet we®n-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
di ssol uti on afdih&éoproferaduFhug, aghen,t Faar egssldyiteiwie hitto tpret ei n

crystals_crosg%bggﬁgmgkgho§u§ fle §¥8E§hqkﬁﬁ“fﬁgr§%”ﬂkkﬁﬂ% rents br eak,

di ssolution of profein "crys egins an ore ease of
activity. 20 Alternativeignlthdereaotisve nenrst iagraldeserafoed hien criossl i nker

and the trlgggiepgg Qgtgﬁg S %+%94 %@@ e ﬂ%Jmofé> AAl- X- Z- AA2
change in vFTUnﬂEﬂT‘TTS_%ﬂgﬂg;%ggééég%' he cross

honnfunctlbnareﬁeﬁW}y 25 bBiheorrofanet Terani@idss' noBye@u&l to Y) The

reactive functj Y u t liynted f ol | owi ng
functi onal g?%u%g w% ﬁggﬁ@d TTE%?Q 81% Ere% Dg]elglllgf?l © :}%r%‘?u% drogen
groups): |. Reezteve Gompadpno585aBeSEXeEml|Bma¢eby900305@armmeddue esters
RCOOR' , anidquF§§¥%f144§§yl azi des

Examples of such crosslinkers include:

10 Homobifunctional (Svmmetric)

DSS - Dlthlobls(succ1n1mldylproplonate) also know as
Lomant's Reagent '

DTSSP - 3-3'-Dithiobis{sulfosuccinimidylpropionate),
water soluble version of DSP

15 DTBP - Dimethyl 3,3'-dithiobispropionimidate<HCl

BASED - Bis-(f-([4-azidosalicylamidojethyl)disulfide
: DPDPB - 1,4-Di-(3'-[2'-pyridyldithio]-

propionamido)butane.

Heterobifunctional (Asymmetric) -

20 SPDP - N-Succinimidylf3—(Z-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-azidosalicylamido]lbutyl)-3'-(2'-
pyridyldithio) propionamide

SADP - N-Succinimidyl (4-azidophenyl)l,3'-
dithiopropionate

30 Sulfo-SADP - Sulfosuccinimidyl(4-azidophenyl) 1,3'-
dithiopropionate, water soluble version of SADP



RCON3, carbodiimdes RN=C=N-R , N-hydroxyim de esters, RCO ONR,
i mdoesters RC=NH2+(OR ), anhydrides RCOOO COR, carbonates ROCOOR ,
uret hanes RNHCONHR , acid 56 halides RCOHal (where Hal =a hal ogen), - acyl
hydrazi des RCONNR R', 0-acylisoureas RCO-OC=NR (-NR'R "), Il. Reactive
carbonyl groups are exenplified by: aldehydes RCHO and ket ones RCOR
acetals 5 RCOOH2) R, ketals RR CO2R R' Reactive carbonyl containing
functional groups known to those well skided in the art of protein
i mobi lization and crosslinking are described in the literature [Pierce
Cat al og and Handbook, Pierce Chem cal Conpany, 10 Rockford, Illinois
(1994); S.S. ) Them 5esycoinimidy b A- Cnpagdordnmand yCoossrlinrii-ng, CRC
Press, Boca RAOPMFIr¢yY1bod)qithipprapkghade aryl donors are
exenplified by: alkyl or aryl halides R-Hal, azides R-N3, sulfate 15
esters RSOBR SAMbsphatlel et @@ sn REY R 3 (magkydioxoni um salts R30+,
sul f oni um R3SEI Hiahen e@niderat RONG, 3 ' Mithheppacpéphets RCR =CR " COR',
aryl fluorides ArF, isonitriles R\+=C-, hal oam nes RZN-Hal, al kenes and
al kynes. 2@ | BASE|f HLIOREGTHiHign ghobps - pea ekenpal i cgdanbyodeshlii-des
RSSR , sul f hydryl's REWIGIPORIGERTRCOCR 2. V. Salts are exenplified by
al kyl or aryl ammonium salts R4N+, carboxyl ate RCOO-, sul fate ROSCE-,
phosphat e ROPE¥EEand SafiGies TR 1 - £5( rraivk ke Imbddpiwen nt | bdegrexanpl es of
triggers, organized by release nechanism In Table 1, R=is a -
mul ti functi onakl m|ﬁ¥%§ﬁ§ﬂCQﬂﬂﬁmiﬁwﬂtﬂrénr

ny ’

maleimidophe )butyrate

10 SMPT - 4-Succinimidyloxycarbonyl-methyl-o- (2~
pyridylthio) toluene

Sulfo-ILC-SMPT - Sulfosuccinimidyl-6-(a-methyl-a- (2-
pyridylthio) toluamido)hexanoate.

_ In particular, see Part II, Chaptérs 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/US91/05415. '

Encapsulation of Protein Crvstals in

25 Polvmeric Carriers
According to one embodiment of this
invention, compositions are produced when protein
crystals are encapsulatéd 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



al kyl, aryl, or other chains with activating groups that can react wth
the protein to be crosslinked. 30 Those reactive groups can be any variety
of groups such as those susceptible to nucleophilic, free radical or

el ectrophilic displacenment including halides, aldehydes, carbonates,

ur et hanes, xanthanes, epoxi des anobng others. - 57 - Table 1 Trigger
Exanpl es Rel ease Conditions 1. Acid Labile RO R H+ or Lews Linkers
e.g. Thp, MOM Acidic catalysts Acetal, kétal Al dol, Mchael adducts,
esters 5 2. Base Labile R OCO2-R Variety of basic Linkers Carbonates
media R O CONR2 Car bamat es R>" NCONR-, Urethanes Al dol, M chael
adducts, est er ¥3F 1085 SFOMRAEIIRE AR R odewradabl mkeobynars ous Si

containing |imgerisig 4niffry ProfEdR s RENR a FL e, 1 i pasess 10 Labile

nkers am dases, . esterases
Li € delivery to different biclogical environments or for

effectlng specific functions. The rate of dissolution
5 and, therefore, delivery of active protein is

determined by the particular encapsulation techniqgue,
polymer composition, polymer cresslinking, polymer
thickness, polymer 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 between 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 polymeric carrier and organic solvent
are transferred to a larger volume of an aqueous
solution containing a surface active agent, known as an
emulsifier. 1In the aqueous solution, the suspended

nascent microspheres are immersed in the agueous phase,



5. Reduction Disulfide H2 catalyst; Labile Linkers linkers that Hydrides
cl eave via Hydrogenol ysis Reductive Elimnation R-S-SR 6. Oxidation
R-OSi R3 Oxidizing Labile Linkers dycols R agents: e.g. CH (O -CH
(Of) -R H202, NaCCl, |O4 Metal based oxidizers, other hypervalent
oxﬁdents 15 7. Thio-labile R -S-S-R Thiols, e.g !lnkers Cys, DIT,
mercapt oet hanol 58 Trigger Exanples Release Conditions 8. Heavy Metal
Various Allyl Transition netal Labile Linkers Et hers based reagents
ROCH2CH=CHR (Pd, Ir, Hg, Ag, Alkyl, Acyl Cu, Ti, Rh) Alyl ester Pd(0)
catal ysts 9. Photolgbile 0-ni trobenzyl 1ight (hv) LIUK?FS (ONB) DESYL
groups in |infBFI8 1B° BFEENIThSBAYARGX&VaPPEE tesdicraldittuses away

from the polymer. Eventually, a point is reached where
the polymer is no longer soluble and fofms a
precipitated phase encapsulating the protein crystals
5 or formulations to form a composition. This aspect of
the process is referred to as hardening of the
polymeric carrier or polymer. The emulsifier helps to
reduce the interfacial surface tension between the
various phases of matter in the system during the
10 hardening phase of the process. Alternatively, if the
coating polymer has some inherent surface activity,
there may be no need for addition of a Separate surface
active agent.
_ Emulsifiers useful to prebarg encapsuléted
.15 protein crystals .according to this invéntion 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 encapéulation process. The

30 crystallinity is maintained during the coating process
by using an organic solvent in which the cfystals 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



Radi cal Labile mate ester initiator Linkers (Barton ester) 11. Metal -

lron (I'11) Metal renoval chelate |inked di phenanthroline e.g. by

chelation or precipitation 10 12. Thermally Peroxides Increase in Labile
Li nkers R-00-R tenperature 13. "Safety Methylthio- Base; amines, Catch"
Labile ethyl (Me) others Linkers D thianes 15 Additional exanples of
reversi ble crosslinkers are described in T.W Geen, Protective Goups in
Organic Synthesis, John Wley & 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
capabl e of reVersHE %ﬂnﬁq%ﬂé%ﬁﬂlo%ﬁﬂ?ﬁﬁ?i%%i?tﬁ? €%?i65¥55ﬁb¥698hes are
listed, in Walarannls fen el folihiiosubj Betand th&ngemosd em&hem ehel nl .

Ed. Engl., 35, p. 2056 (1996). 25 Qther. types of reyersjible crosslinkers are
di sul fide bond{%orﬁgicfﬁ‘?%swg%eﬂsiﬁ%flf’etr%l.n T%%Vﬂ?]gﬁe%lacbié‘éﬂ‘ﬁﬁ crosslinks
formed by suchetimassldrideerct icr st 1839 nadi in avo o tedusqngoageahd such as

cysteine, to the envngPne t of the crosslinked protein crystals.
Di sul fi de cto&S198Ker &° Veel&%cri bed in the Pierce Catal og and Handbook

(1994-1995) and nore 5 MeRceyllyndrs "Bial ey ugat emdechntgresers 8y G T.
Her manson, (1%%%)t’ t%cea%erngtceil?lr ecsrsyst[a)lilvsi Sc,laonn Igef glftrr(l:ggrlgomo—polymers
or co—polymers. The rate of hydrolysis of the
microspheres is largely determined by the hydrolysis

10 rate of the individual polymer species. In general,
the rate of hydrolysis decreases as follows:
polycarbonates > polyesters > polyurethanes >

" polyorthoesters > polyamides. For a review of
biodegradable_ 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. 1In a next preférred 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-



Brace & Conpany, 525 B Street, Suite 1900, San Di ego, CA 92101-4495.
Exanpl es of such crosslinkers include: 10 Honobifunctional (Symetric) DSS
- Dithiobis(succinimdyl propionate), also know as. Lomant's Reagent DTSSP -
3-3"'=Dithiobis (sulfosuccinimdyl propionate), water soluble version of DSP
15 DTIBP - Dinethyl 3,3'-dithiobispropionimdateHC BASED -

Bi s- (p-[4-azidosalicylamdo]ethyl) disulfide DPDPB -

1,4-Di-(3" -[2" -pyridyldithio]- propiondhi@%f’butane Het er obi f uncti onal
(Asymretric) 20 SPDP N- Succi ni m.dyl -. 3-(2-pyridyldithio)propionate

LC SPDP - Succi |n1d %@ pyrid Id|th|o pr opi onat e) hexanoat e
Sul f o- LC- SPDP & |?ﬁ y‘%/OBO%IngQSI BYEF il Prilopls,
pr opi onat e) he)@rmﬁiﬁa Vel £InS0d Ubke112Do¥er §h8nc@ﬁlE§o§%D%eép%tlvedse

N- (4-[ p-azidosalic Ian1do]buty|)-3 -(2'- _pyridyldithio) propionam
- N-Succi ni mi %g ) 19813t ypt hpispt 8pPBASE @c3@,Sul f 0- SADP -

Sul f osucci ni mdiylddbaagdmoﬂ%wl )gﬂy@amlﬂb&b}légﬁgpl Qpatar W@t er sol uble
versi on of SADP 60 SAED - Sulfosuccinimd -azi do- 4- met hycoumar i n- 3-
acet am de) et A SaERahi Yt odh birde "SANWOPOlymerS thereof.

Sul f osucci ni MohHer2(dBAZI 495 107mdH § r%@ﬂ&@&ﬁ%@&hyh % Siedh ! QRIOPI onate

5 SASD - SquOSUCC|n|n1dy|-2-(p-a2|dosallcg am do) eth
R.W. Balar,” "Theory and Practice of Controlled Drug

SADP

Delivery from Biodegradable Polymers," Academic Press,-
New York, NY, (1980); K.O.R. Lehman and D.K. Dreher,

10 Pharmaceutical Technology, vol. 3, pp. 5-_, (1979);
‘E.M. Ramadan, A. El-Helw and Y. El-Said, Journal of
Microencapsulation, vol. 5, p. 125 (1988). The

preferred polymer will depend upon the particular
protein component of the protein crystals used and the

15 intended use of the encapsulated crystals (formulations
and compositions) . Alternatively, the solvent
evdporation techﬁique 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 cfystals 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'reaétions 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
dissolution. 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



1, 3" -dithiopropionate SMPB - Succinimdyl-4-(p-nmaleim doph_enyl )butyrate
Sul f o- SMPB - Sul f osucci ni m dyl -4-(p- mal ei m dophenyl) butyrate 1,0 SMPT -
4- Succi ni mi dyl oxycar bonyl - net hyl -a-(2- pyridylthio) toluene Sul fo-LC SMPT -

Sul f osucci ni m dyl - 6- (a-nmet hyl -a-(2- pyridylthio)toluam do) hexanoate. In
particular, see Part |1, Chapters 3-5 on 15 Zero-length Cross-I|inkers,
Honobi functi onal Cross-. linkers and Heterobifunctional Cross-linkers in

"Bi oconjugate Techni ques", By G T. Her man&onT (1996), Academ c Press,

D vision of Harcourt Brace & Conpany, 525 B Street, Suite 1900, San Di ego,
CA 92101- 4495, %0 Crosslinked protein crystals useful in the protein
formul ati ons OR:PRB2prBBeRP PRFBAFIBA Ba| &€ g tor SpkEnacai ding to

the nethods setMf{orébdj n"BCIdepatanblappbilgald an RET/UR91Y 05415 ery-
Encapsul ati on OL PrﬁteiT,Crystils in 25 Paolynmeric Carriers According to
one enbodi menPObY (BAYSCLE AVERPE Y 2650 SCHIDNIRNL FiD drRRad YIS pr ot i n
crystals are encapsulatedvbn.abol egst @aeopalyyreriggcarri@igto form

m crospheres by virtue of encapsulation 30 within the matrix of the

pol ymeri c carfFeF2€eS pRESBF vEXPPREFE KAt Wa&E Sandybilod i loed 15y clcttihe

tertiary stréngwfebofraewﬁ'xggglbf_ocw?@e RBCARSH A &b 1L 61 various

bi oconpati bl e and/ or bi odegra e_polyners having unique properties which
are suitable }dFt1@efFi@r§neoglyePLientchbiol ogi cal environnents or for.

In another embodiment, double-walled polymer
cQated microspheres may be advantageous. Double-walled
10 polymer coated microspheres may be produced by
preparing two separate polymer solutions in methylene
chloride or other solvent which can dissolve the
polymers. The protein crystals are added to one of the
solutions and dispersed. 'Here, the protein crystals
15 become coated with the first polymer. Then, the
solution containing the first pdlymer coated protein
crystals is combined with the second polymer solution.
[See Pekarek, K.J.; Jacob, J.S. and Mathiowitz, E.
Double-walled polymef 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 gréater shelf life when stored at 50 °C



effecting specific functions. The rate of dissolution 5 and, therefore,
delivery of active protein is determned by the particular encapsul ation
techni que, polymer conposition, polyner crosslinking, polyner thickness,
polyner solubility, protein crystal geonetry and degree and, if any, of
protein crystal crosslinking 10 Protein crystals or fornulations to be
encapsul ated are suspended in a polyneric egrrler which 1is dissolved in an
organi ¢ solvent. The polyner solution Tut® be concentr at ed enough to
conpletely coat the protein crystals or fornulations after they are 15

is one which provides a weight ratio

added to the s | uti ch an anount
of protein cry (hq)ﬁéh fa%%w&%ns%bﬁuPr@téénahﬂ 8pout 190, asr eferabl y

between aboutcl. hsan@aahowa y The .preheidrrdyisial s aifey copdacted with
polymer in solution for a period of tinme 20 between about 0.5 minutes and

“about 30 m nufEeraciedtigieshiRY Fet iedts abdup® 1fpd Augesabpd abedf 3ifenutes.

The crystals shew e depit suspended ash Noimadd Oyechad -1 3@gregate as they
are coated by contact with the polyner. 25 Follow ng that contact, the

crystal s becoRe™ 8&%H%?§ﬁﬁi§9ﬁ?rQ§e§%%ﬁiE%P%%l%a§éé%¥ah1%h@@pﬁépé§d The

nascent mcrogpheesci ReKEISR himSidae Whid £ adi el AP OIS, In a preferred
enbodi nent of _the inventi.on, the suspended coated crystafs or nascent

m crospher es 36 tATERG MUYt FEolafferGRa Eaf kel 2eRdPvraant €asbl eefP? are

transferred tgraatarg@held UNEOfwrth afuUSoMs asobpticoncantaiding a surface
active agent, known as an emulsifier. In the aqueous solution, the

suspended naBEBACIRUAESShEET Qe Sarkeb Rl ¢+ t ey Sepfeovkephasered
10 at 50 °C, as measured by T,,,. Alternatively, they are

characterized by the loss of less than 20% o-helical
structural content of the protein after storage for 4
days at 50 °C, wherein the soluble form of said proteln
loses more than 50% of its «a-helical structural

15 content after storage for 6 hours at 50 °C, as measured
by FTIR. Alternatively; they are characterized by the
loss of less than 20% a-helical structural content of"
the protein after storage for 4 days at 50 °C, wherein
the soluble form of said protein loses more than 50% of

20_ its a-helical structural content after storage for 6
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,.a5'measured

25 by T,y.

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



62 where the organic solvent evaporates or diffuses awnay fromthe
polynmer. Eventually, a point is reached where the polyner is no |onger
soluble and forms a precipitated phase encapsul ating the protein crystals
5 orformulations to forma conposition. This aspect of the process is
referred to as hardening of the polynmeric carrier or polyner. The

emul sifier helps to reduce the interfaci surface tension between the
vari ous phases of matter in the systen1augin§ the 10 hardeni ng phase of the
process. Alternatively, if the coating polyner has sonme inherent surface

agent . Bl si Fers SHSIRG Ho b ebarE oSt 8 Gei TP K yatal o
according to phiogeiimveémt isodvticiude bl Yy, viaty mealstohal )byasr.exenpl i fi ed
e Pome Sone SRRt LA e SOl UL S Toee L
coat ed cr'ystalfofld_r grieattieanshald th€e 2theoldtidren & gpni ¢ selverdss useful
hl br i do. -8t PFTRSAES: BTS8P S AN IGRer SO (o T SRR hi ch
wi || depend onryhé&apr epent sésretl ahe 425 °pgolyrerssSahvartis shaw d be chosen
embodi ment of FERPATER BN o | S FRAPSFRSSarySERFY! ATy CoPPRE 3 ete n
crystals is hmiatailredtdari6Ng theaercapsillat ilaTephoeesstobhel 3t 50
CryStall'n'ty°¢StHQﬁ”Eﬁénggngg£ﬁgga£gg %8%%Ig9 ggggegiotein crystal:
10 when stored at 50 °C, as measured by T,,;,. Alternatively
they are characterized by the loss of less than 20% o-
helical_structural content of the protein after storage
for 4 days at 50 °C, wherein the soluble form of said
protein loses more than 50% of its o-helical
15 structural content after storage fo: 6 hours at 50 °cC,
as measured by FTIR. Alternatively,.they are
characterized by the loss of less than 20% a-helical
structural content of the protein after Storage for 4
days at 50 °C, wherein the soluble form of said protein
20 loses more than 50% of its o-helical structural content
after storage for 6 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

- 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.



by using an organic solvent in which the crystals are not sol uble.
Subsequently, once the coated crystals are transferred to the aqueous
solvent, rapid hardening of the polyneric carrier and sufficient coating
of the 63 crystals in the previous step shields the crystalline nmaterial
fromdissolution. In another ‘enbodi nent, the wuse of crosslinked protein
crystals facilitates maintenance of crystgllinity in both the aqueous and
5 organi c solvents. The polynmers used as polyneric carriers to coat the
protein crystals can be either hono-polyners or co-polyners. The rate of
hydrolysis of the mcrospheres is |argehypfleterm ned by the hydrolysis 10
rate of the individual polyner species. In general, the rate of hydrolysis
decreases as fEpdmmke 1 pol ycakDm3E es > pol yesters > pol yuret hanes >

pol yort hoesters > pol yargad,?é.. of view of .biadegr @Ld,aal%li% and

bi oconpati bl e pol yners, Se : - trt,  Bi odegradabl e
polynmers for protein angktepiiade: drug delivery”, Bioconjugate Chem stry,
vol. 6, pp. 332-351 (1995) In a preferred enbodi nent, the polyneric

carrier is Tonposed of a singte podydiedatypeosachipsse2@oRidés I n a next
preferred enbodi nent, the polyneric carrier can Se a mxture of polyners
such as 500 PLGA and 50% al Buni rceHt herPOPeryméfidahoBike &&158 ymeric

carriers to prepare encapsuuﬁtgqﬂﬁgoyfi %g$%§gglg_gggg% E%goﬁg 25 this

invention include bioconpatible/biodegra pol ymers sel'ectéd fromthe
group consisting of poly D - 5mM Ca acetate buffer pH 4.6
E - Deionized water
10 Procedure:

A 1 kg aliquot of lipase powder was mixed
well with 1 kg of celite and then 22 L of distilled
water was added. . The mixture was stirred to dissolve
the lipase powder. After dissolution was complete, the

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
equél to the conductivity of the distilled water. At
this point, the addition of distilled water was stopped
and 5mm 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 -



(acrylic acid), poly (cyanoacrylates), poly (amno acids), poly

(anhydri des), poly (depsipeptide), poly (esters), such as poly (lactic
acid) or PLR, poly (b 30 hydroxybutryate), poly (caprol actone) and poly

(di oxanone); poly (ethylene glycol), poly (hydroxypropyl)nethacryl am de,
poly [(organo)phosphazene], poly (ortho esters), poly (vinyl alcohol),
poly (vinylpyrrolidone), maleic anhydride 64 al kyl vinyl ether copol yners,
pl uronic polyols, albumn, alginate, céll°dl ose and cel |l ul ose derivati ves,
coll agen, fibrin, gelatin, hyaluronic acid, oligosaccharides,

gl ycam nogl ycans, ..sul fated 5 paol ysacchari des, Qhl ends_and copol yners

t her eof . threalfsheef%‘l plgﬁ/r%]r)%t"éree ”%?e%csr?bzé’degn%@? P81 her ogndntrlw Bal ar,
"Theory and Prodét icde tife Gonitranld echdDragysthel i veey. f r ope Bredggradabl e

Pol ymers, " Acaden%p_Pres%, New Yor Kk, NY, §1980%; K. O R Lehman and D. K
Dreher, 10 Phariacadt FSr T thdtrystaphization hofgpr tp M
Ramadan, A Elrehelw aid YhelscSaide dudenala Of rrdhcepencapspbati on, vol . 5,
p. 125 (1988) ... The referred . polyner will depend upon the particul ar
protein co%bo%@ﬁp’oF eh&ﬁ%éi%ﬁ%ﬂ%?ﬁ%ﬁ%%?%ﬁﬁe ahd tHesh5 intended use of
the encapsul ateg¢staydtialat ichobusfati ers adanidke@MPasiéions) - Aternatively,
the solvent eva or%ti%n tegg?i%;e may be used for encapsulating protein
crystal s (see“PPCBLiHa7 A" fraf9/81d S. Benita, Biomaterials vol. 9,
pp. 482-488 (1988). 20 In a preferred enbodi ment of this:-invention,

protein crystg&gmgqe gncapsulated in at |least one polyneric carrier using
a doubl e enul d, as

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) waé 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 crvstals usinq

trehalose as excipient:

30 The lipase crystals were formulated as in

Example 2, by adding trehalose, instead of sucrose,



illustrated herein, using a polyner, such as polylactic-co-glycolyic acid.
In a nost preferred 25 enbodi nent of this invention, the polyner is

Pol yl actic-co-glycolyic acid ("PLGA"). PLGA is a co- polyner prepared by
pol ycondensation reactions with lactic acid ("L") and glycolic acid ("G").
Various ratios of L and G can be used to nodul ate the 30 crystallinity and
hydr ophobi city of the PLGA polyner. Higher crystallinity of the. polyner
results in slower dissolution. PLGA polymE?s with 20-70% G content "t end

to be anorphous solids, while high level of either Gor L result in good
pol ymer crystallinity. For npore 65 information on preparing PLGA see D. K
Glding and AMIMRdRemBratce? adabie polyFer ¥ or tgse ifAngdr gery-

pol y(glycol i C)ddyder{d 8&ti6nast diohomm ABEREePAliRIBLS: The rBRLMHBML Ol . 20,
pp. 1459-1464 (1981). PLGA 5 degrades after exposure to water by hydrolysis
of the ester BERFIFHRRAGEES ot ®C ndh- £ORMC LRBREFELYT6f foradt he @gidd and
glycolic acidtHd anpihers enbedi s8piradenblrewakhedpalyper, coat ed

m crospheres nay be advant ageous. uble-wal led 10 pol yner “coat ed

ni crospher es F& e P oruted Y FrepatPRE EMoEsapRist 6/ poeyhed goloutions in
met hyl ene chlsoride or other solvent which can dissolve the polyners. The
protein crystals are added to one of the solutions and dispersed. Here,
the protein crystals 15 becone coated with the first polynmer. Then, the

sol ution cont @ixdmd he first polyner coated protein crystals is conbined
with the second polyner solution. [See Pekarek, K. J.; Jacob, J.S. and

Mat hiowitz, E. ' Formulation of lipase crvstals usina

polvethviene oxide (PEQ) as excipient:

10 Lipase crystals were formulated using 0.1%
polyethylene oxide in water as follows. The crystals,
in the mother liquor at 20 mg/ml were separated from
the mother liguor 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, MO) and then separated by
centrifugation, as described in Example 6, method 4 or
5.

20 Example 5

Formulation of lipase crvstals using

methoxvpolvethvlene 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.,
St. Loﬁis, MO) in mother liquor and separating after 3

hrs by centrifugation, as in Example 6, method 4 or 5.



Doubl e-wal | ed pol ymer m crospheres for controlled drug 20 rel ease, Nature,
367, 258-2601. Now, the second polynmer encapsul ates the first pol yner
which is encapsulating the protein crystal. ldeally, this solution is
then dripped into a |larger volunme of an . aqueous sol.ution containing a
surface active agent or 25 enulsifier. In the aqueous solution, the solvent
evaporates fromthe two polyner solutions and the .polyners are

preci pitated. The above process can be perférned using either protein
crystals, DNA or RNA crystals, of 30 formul ations of any of these to
produce conpositions. Formulations according to this invention conprise a
protein crystaﬁ¥§§ﬁé——ét | east one .ingredient. Such fornmulations are

characterized by at go f%I reater shelf |ife when stored at 50 C
66 than the soluble fornT5ﬁ—s§r8—pgﬁg%FﬁL§ﬁ3§§@&PkéﬁﬂétiEDLJE§ as measur ed
by T112. Alternatively, {hepMoare. ghagggtgghégg ? % .east a. 29 fald
greater shelf life when stored at

nonf or mul at ed f or m ofysaatls past pirapatgst ah w&%ﬁpi%%rqd 1, 40 Gapd,75%
hum dity, a neasured ernatively, é are characterlzed by at

| east a 60% greate?® E%ef?p?%?geﬁh%ﬁogt6P§dm8Fh§6 ignes ed tadarifngr nul at ed

form of said protelax@iné@i M@eﬁeﬁteﬁ@dgéQléh 8@ ©o0as JfRasywed by T112.
Al ternatively, they ar e a%éerlzed the | oss of Iess than 20%
a- hel i cal structur%.cc%%?e ?ﬁECBrBP8lﬁeéFFéﬁugﬁoﬁa@épP@ﬁ yitdays at

50 C, wherein the sabibyend asurvét SAbHopr @hebN50- hOSes sHRLe phhan 50% of its
a- hel i cal structurq$
1sposable centrifuge tube (Polypropylene). The
10 crystals were then dried by passing a stream of
nitrogen at approximately 10 psi pressure intd the

tube overnight.

' Method 2 Vacuum Quen Drv1nq

_ Crystals as prepared in Examples 1, 10, 14 énd 21

15 were first separatea 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'bven 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 swinging 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 content after storage for 6 hours at 50 C, as neasured by FTIR
Alternatively, they are characterized by the |oss of |less than 20%
a-helical structural content of the protein after storage for 4 days at 50
C, ‘wherein the soluble formof said protein |oses nore than 50% of 20 its
a-helical structural content after storage for 6 hours at 50 C, as
nmeasured by FTIR and wherein said fornulation is characterized by at

least a 60 fold greater shelf |ife wheni dfored at 50 C than the sol uble
formof said protein in solution at 50 C, as neasured 25 by T112
Conmpositions according to this invention conprise one of the above

descri bed protein G&FSHOPRGSAIIVAEGhs, Bifd, Shalf casmpenatpokynesic
carrier, wherein salfhforadatdond s ancapsiatefd wid hipe@, PrLi .39 of
said polymeric carrier. Alternatively, conpositions according to this

i nvention conpri se TRdSmieHRRGiRE gt #/gs dielich 1@y st@alhrand aechedaryone

i ngredient. Such cempasigt Wans tih he r:Ghal aglerized, by ﬁ% | gagtsa 60 fold
greater shelf |ife 67 when stored at 50 C than the so?u fe form of said
protein inSsolution at MetGodad .neaswared HoIkent .andALr nREVYRLY, they are
characterized by at |least a 59. fold greater shelf Iife when stored at 40 C
and 75" 5 humi di t y CENE®atlfe agoprepagiest dd Eorampolfessal d PP ot ké nandr 93t a

when stored at 40 (.apd %rhuni-di T117. Alternatively,
they are characteriggg fg§é§p%F§§§%¥§d%%&‘gfggﬁiﬁﬂiﬁﬁﬁ? life when stored at
50 ~C than the nonféfRAr4deEgipdemtotodaitd opr ttsding creystal fuge twhem stored at

50 C, as neasured @ﬁ061%gm At er aathyely gs-6r bench top centrifuge

10 equipped with swinging bucket rotor in a 50 ml

Fisher brand Disposable polypropylene centrifuge
tube. The crystals were then suspended in an
organic solvent like ethanol or isopropanol or
ethyl acetate or other suitable solvents,

15 centrifuged[ the supernatant was decanted and air
dried at room temperature in the fume hood for two

days.

Methed 5. Air Drving at Room Temperature

Crystals as prepared in Examples 1, 10, 14 énd 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 (Polybropylene).

25 Subsequently, the crystals were allowed to air dry
in the fume hood for two days.



they are characterized by the I oss of |ess than 20% a- helical structural
content of the protein after storage for 4 days at 50 C, wherein the
soluble formof said protein |oses nore than 50% of its a-helical 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 20%
a-helical structural content of the protein after storage for 4 days at
50 C, wherein the soluble formof said prot&in 20 |l oses nore than 50% of
its a-helical structural content after storage for 6 hours at 50 C, as

measured by FTIR nd_wherein said formulation is characterized by at
| east a 60 folgﬁéﬁgiﬁel shelf life when stored at 50 C than the sol uble

formof said protein in % H %gn £t _50 25 g, as neaered_by TI/2. In order
that this invention may 8h b 1§Da§ S5 B 5 'ng exanples are

set forth.. These exanpl esoar 8chphrt BENPUEPASE qgidﬂgggﬂ&gﬂémhfgggé and are
not to be construed as Iiniting_the scope of §b the invention I'n any
3

manner. 68 - EY@RPLESP2ERAnBYediSEPPASEICAABRES CFaES@YS pase0 mg/ml

crystal | i zasi opsn phBsgraaksbubréreqCandida rygosadipase powder B - Celite
powder (diatomte earth) C - MD (2-thhyf-2,4-PentanedioI) D - 5nM Ca
acetate buffer pH 4.6 E Fiferen?zedowat ehe &QaBhiddedurfer soluble

lipase. Specific activity decreases extremely rapidly
with time. Within 2-3 hours, the specific activity
decreases from about 660 pmoles/min/mg protein to about

16 100 pmoles/min/mg protein or an approximate 85%
decrease. The T,,, for soluble lipase was calculated tb
be 1.12 hours.

Example 8

Olive o0il assay for measuring lipase

15 activity:
Lipase crystals from Examples 1-7 were
\ -assessed for activity against olive o0il in pH 7.7
buffer. The assay was carried out titrimetrically
using slight modifications to the procedure described

20 in Pharmaceutical Enzvmes - 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 oil (Sigma) and
emulsified using a Quick Prep miker for 3 minutes.
2. Titrant : 0.05 M NaOH
3. Solution A: 3.0 M NaCl

30 4. solution B: 75 mM CaCl,.2H,0



A 1 kg aliquot of |ipase powder was m xed well with 1 kg of celite and

then 22 L of

distilled water-was added.. The m xture was stirred to

di ssolve the lipase powder. After dissolution was conplete, the 15 pH was
adjusted to 4.8 using acetic acid. Next, the solution was filtered to

renove. celite and undi ssolved materials.

Then, 'the filtrate was punped

through a 30k cut-off hollow fiber to reggve all the proteins that were
| ess than 30kD nol ecul.ar weight. DistilTed*water 20 was added and the
| i pase filtrate was punped through the hollow fiber until the retentate

conductivity
this point, t

the buffer was stopped..The ||pas ol ytion was concentrated to 30 ng/ m
sol uti on. The 30 cfystﬁfP?iﬁtkgﬁsﬁég%F %ﬂ IL&? }

of the distilled water, At

was qugl to,the_ condyctivit

he adg'r tﬁbﬁ' oﬁbdf“%t PI?I g(?]\)\%ft’e% Vadas dpTeki nethdY B €3- acet at e
buf fer was added. hNexbf Saiacebvate dndbuffemmass deli.vered by punping
t hrough the hollow fiber until the conductivity of the retentate was
to the conductivit§-of-pheRrthuméntate buffer. At that point, addition of

Toy' U TR MPD " owl y

ni

equal

into

the |ipase5sol uti oprapatedsbiyr adagngAddi milom fofol IMRD gwals antd mred until a
20% vol /vol of MPD, was _-.69 eached. The m xture s stirred for_ 24 hr or
until 90% of the b?%f%?hoﬁaﬁgcg9s?glFlzéﬁfkﬁﬁé(ﬁégi§¥9R)5kw%R§eﬂ% were -
washed wi th crystahlizatoobsbafbeniho (scem@vienald) .t he sol uble materi al

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

the crystals.

10

Assay Procedure

The lipase substrate solution (solution 7)

was warmed to 37°C in a water bath. First, 20 ml of

_ substrate was added to a reaction vessel and the pH was

15

20

25

30

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
monitofed by titrating the mixture of enzymé and
substrate with 0.05 M NaOH to maintain the pH at 7.7..
The specific activity (pmoles/min/mg protein)
was equal to the initial rate x 1000 x concentration of
the titrant/the amount of enzyme. The zero point was
determined by running the reaction without enzyme,
i.e., using buffer in the place of enzyme in the

reaction mixture.

Example 9

Activity:

The shelf activity of the dried crystals from
Examples 1-5 was measured using the olive oil 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

substrate.

from



‘Fornul ation of |ipase crystals using sucrose 10 as excipient: In order to
enhance the stability of |ipase crystals during drying and storage the
crystals were fornulated with excipients. In this exanple, |ipase
crystals were fornulated in the slurry formin the 15 presence of nother

| i quor before drying. Sucrose (Sigma Chemcal Co., St. Louis, M) was
added to lipase crystals in nother liquor_as an excipient. Sufficient
sucrose was added to |ipase crystals at a B?ofein concentration of. 20
mgs/m in-nother liquor (10 mM 20 sodi um acetate buffer, pH 4.8 containing

10 mM Cal cium chlori de d.20% MPD). to reach a final concentration of
.100.. The resulting sus FoRt L )l ed at roomtenperature for 3 hr.
After treatnment with sucggsecn.thke cLystal r rated framthe liquid
by 25 centrifu?ation as deschﬁé F%aéééﬁgﬁéﬁg,%ﬁégﬁg§§¥%3 Hat&anple 3
Fornul ati on ofl}Ppa8eferpstationsi Agom Exlazipdse &s SewaispicentrieldD oiite | i pase
crystals were {Qrguhated;: as ki ag ing.trehal ase, instead of
sucrose, 70 (Signa_Chen%cgl nggégpgbﬁgéP%?%ﬁD ? ?%“arfﬂﬁgﬁveboncentration
of 10%in ndt HeinidEusrandhéOtesignpens tsus pieT BACKRs t Tbl edt atitgom
tenmperature faors 3y apdseih S re.separated.fromthe liquid by 5
centrifugation as descr?%e% ?n&é§ah%%§uggdngﬁhggsﬁogylng.g&?&nﬁﬁe %e

dried samples in PBS buffer, pH 7.4, measuring the

activity in the olive o0il assay and then comparing with

the initial results.

10 Crystal Formulations Dried bv Method 5

Figure 3 shows the shelf stability profile of
lipase crystals formulated with sucrose, trehalose and
PEO. When drlediby method 5, PEO was the most
protective .excipient, follbwed by sucrose and then

15 trehalose. ' -

Crvstal Formulations Dried bv 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 Ty2.
Table 2 shows the.effect on the T,;,;, of the specific
activity for formulatiohs 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



Formul ati on of |ipase crystals using polyethylene oxide (PEO as

exci pient: 10 Lipase crystals were fornulated using 0.1% polyethyl ene
oxide in water as follows. The crystals, in the nother |iquor at 20 ng/m
were separated from the nother liquor by- centrifugation at 1000 rpmin a
Beckman GS-6R bench top. centrifuge equi pped with 15 swi ngi ng bucket rotor.
Next, the crystals were suspended in O. 37% pol yet hyl ene oxide for 3 hrs
(Sigma Chemcal Co., St. Louis, M) and Phen separated by centrifugation,
as described in Exanple 6, nethod 4 or 5. 20 Exanple 5 Fornul ati on of

| i pase crystals using, , nmet vpal yet hyl ene gl ycol (MOPEG as excipient:
Li pase cryst dFS R&FE ft&aﬁulqg)?efgﬁég n]orﬁlea&ﬁ&ﬂeegtlﬂe'bya%dﬁﬁ?@ml@% R¥t hoxypol y
et hyl ene gl ydals, eiffieiceadn 25,,0brsupeese.c( Hotalviaancentration) (Sigma
Chemical Co., St. Louis, MJ) in nother |iquor and separating after 3 hrs
by centrifugation, as in Exanple 6, nethod 4 or 5. 71 - Exanple 6 Mthods
of drying crystal fomalati2ang,ipalvet kad gbecNan@ay sl Wiad atJRoom
Tenmperature Crystals as prepared in Exanples 1, , an 15 were
separated frdqm the nother |IPXist eipase ningstaksi pi ent by centjrifugation at
1000 rpm Pn g EXBeidkretit sSGS- 6R bench t od Tent rddyge equi pped w tjh  swi ngi ng

bucket rotor [inpre 50 M Fi sher brand |D sppsabl e cenfrituge tdbe
(Pol ypropyl enéucrfise 10 crystals were [these dried by passing a|stream of

Trehalose 90
PEO 835
10 MOPEG 434

Soluble lipase 0.0468 (1.124 hrs)

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

15 lipase were l,923lfold more stable than soluble when
PEO 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
excipient (Table 2). Formulations using MOPEG and PEO

20_ as excipients_with lipase crystals were 9,270 and
17,800 fold more stable than soluble lipase (Table 2).

The_stability of the formulated crystals
relative to the non-formulated crystals was greatly
enhanced, as shown in Table 2. For example, crystals

25 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

30 formulated with PEO were 549 fold more stable than non-
formulated lipase crystals made without an excipient at
40 9C,'as shown in Table 2. Finally, crystals

formulated with sucrose were 718 fold more stable than



nitrogen at approximately 10 psi pressure into the tube overnight. Method
2. Vacuum Oven Drying Crystals as prepared in Exanples 1, 10, 14 and 21 15
were first separated fromthe nother |iquor/excipient solution using
centrifugation at 1000 rpmin a Beckman GS-6R bench top centrifuge
equi pped with swi nging bucket rotor in a 50 m Fisher brand Di sposabl e
pol ypropyl ene centrifuge 20 tube. The wet crystals were then placed in a
vacuum oven at 25 in Hg (VAR Scientific Préducts) at roomtenperature and
dried for at least 12 hours. Method 3. Lyophilization 25 Crystals as
prepared in Exanples 1, 10, 14 and 21 were first separated fromthe nother
| i quor/ exci pi eRPRSOPETSA LGS AdPasRt FrvsFatlisomagte WG wpma n a Becknan
GS-6R bench topxegptientuge 40q8tpped WhbhnSWnnaiRg oucket rotor in a 50 n
30 Fisher brand D sposabl e pol ypropyl ene centrifuge tube. The wet crystals
were then freeze dried wusing a Virtis Lyophilizer Mdel 24 in 72
“sem stoppered vials. Themghekfirbeppggrature was slowy reduced to -40 C
during the freezing step. This tenperature was held for 16 hrs. Secondary
drying was then carried Motstoreanohhent8whrss deb evatihed: 4y Qrgani£-Sol vent
and Air Drying..Cr s;alstﬁé pregargd in Exanples 1, 10, 1.4 and 21 were
first separ teal??%ﬁTtﬁg EharCOr f4Tigr Fox BRBHEAC L3¥Iadt isor i t ions
centrifugati omuatng a Mitsubishi CA-06 Moisture Meter equipped with a
VA-06 Vaporizer (Mitsubishi Chemical Corporation,

Tokyo, Japan).

Table 3. Moisture content livase crvstal formulations

10 TIME, DAYS ' % Moilsture
SUCROSE |TREHALOSE PEO MOPEG
0 T .23 | 5.58 8.56 7.03
129 11.11 10.45 10.43 10.01
Crystallinitvy:

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-870MD 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 F1 objective
lens 10X/0.30 PH1 (phase contrast).

25 In this analysis, the crystals originally
formulated with sucrose, trehalbse, PEO and MOPEG were
" readily visualized after 129 days at 40 °C and 75%
'humidity. Figure 5 shows that crystals formulated with

PEOC were present at the initial time. A similar



1000 rpmin a Beckman GS-6R bench top centrifuge 10 equi pped with sw nging
"bucket rotor in a 50 mMl  Fisher brand D sposabl e pol ypropyl ene centrifuge
tube. The crystals were then suspended in an organic solvent |ike ethanol
or isopropanol or ethyl acetate or other suitable solvents, 15
centrifuged, the supernatant was decanted and air dried at room .
tenperature in the fune hood for two days, Method 5. Air Drying at Room
Tenperature Crystals as prepared in Exaﬁﬁiéé 1, 10, 14 and 21 20 were
separated fromthe nother |iquor containing excipient by gentrhfugaylop at
1000 rpmin a, Beckman GS-6R bench top centrifuge equi pped wt SW ngi ng
bucketprotorW%?E?%ﬁ?qﬁclﬂéﬁﬁﬁvqﬁ%ﬁﬁlg?ﬁ@ﬁo%éﬁl 2gEnt-ALeEgardylsEown .
(Pol ypropﬁl eaie% -F%rﬁlg@waslwna?%@@ @Eﬁé{ﬁt?k§$’ﬂ§£[§i§:ﬂt9}/\@gsto ai r flry in
the funme hood for two S.’ - - anple 7 Soluble’|lipase sanple
prepar at i on: "o "orisst iStn, thE <t €S of 1881 BBF&0ft pa§énikag geépared by
di ssol vi ng | inpasemsista stdo A0 dmdnd £Srip1phegphate Bukhesed saline, pH
7.4. Figure 2 shows the stabhility for soluble |ipase. Specific activity
decr eases “extiRErE PG FENRLq5% h(43 e, ne¥ ¢ Bh@WBL 3 hours, the specific
activity decreases from about 660 noles/mn/ng protein to about 10 100
nol es/ mn/ng protein or an approxi mate 85% decrease. The T1/2 for sol uble

| i pase was cal cul ated to
P 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, 1992; 31:9364-9370; Dong, A.
Prest:elski, S.Jd., 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



be 1.12 hours. Exanple 8 Aive oil assay for neasuring Lipase 15 activity:
Li pase crystals from Exanples 1-7 were assessed for activity against olive
oil in pH 7.7 buffer. The assay was carried out titrinmetrically using
slight nodifications to the procedure described 20 in Pharnmaceuti cal
Enzynmes - Properties and Assay Methods, R Ruyssen and A Lauwers, (Eds.),
Scientific Publishing Conpany, Ghent, Belgium (1978). Reagents: 1. dive
oil emulsion: .25 16.5 gm of gum arabic (SiYha) was dissolved in 180- ml of
water, 20 m of olive oil (Sigma) and enulsified using a Quick Prep m xer
for 3 mnutes. 2. Titrant : 0.05 M NaOH 3. Solution A- 3.0 MNaCl 30 4.
Sol ution B: 75PFRFEaTF2. YRR -Gyams532\verityerel fofonSEaitdaimn A was conbi ned
with 20 m ofsSptwiteonsBr apde 1 0 um n._ 7. J_l ase
Substrate Solution (solution %)Q%g}m%gﬁ%r gg %ef_ié&A‘ agéearﬁ Sve
oi | emul sion {R3GHUATH 150HRBOAENRF @f KERONGBKN |s¢nru@)tuareaduasangn of 0.5%
al bumi n (sol uté@fof . de"ﬁﬁ@é/tf’\fr@c%%”@uﬂ?@ Eipa g BQ@ %neu%gil lrjr;[laor}de

S

(sol ution 3\% 10 was warnmed to 37 Cln a water

Loy B 5%t 700 s®dsel and the pH was

substrate



adjusted to 7.7 using 0.05 M NaCH (solution 2) and equilibrated to 3-70C
"wWith stirring. The reaction was initiated by adding enzyne. The reaction
progress was 15 nonitored by titrating the m xture of enzynme and substrate
with 0.05 MNaOH to maintain the pH at 7.7. The specific activity
(}noles/min/ng protein) was equal to the initial rate x 1000 x .
concentration of the titrant/the anount of enzyne. The zero point was 20
determned by running the reaction wthouBCenzyne, i.e., using buffer in
the place of enzyne in the reaction mxture. Exanple 9 Activity: 25 The
shelf activity of the dried crystals from Exanples 1-5 was neasured using
the olive oil assay as described in Exanple 8. Dried crystals (5 ng) were
dissolved in 1 m of Qhosphate buffered saline ("PBS"), pH 7.4 and the
activity was measur ed?@8tfg ol J:&@_éﬂ_és_%ﬁ_éagsﬂéér_&__zm Shel f
stability: Theshetrft—srabirtity of driedcrysta-t e TiEReseforrutatigqns
from Exanpl es| 2- Sanwas caragH @dinuf pisheatbum dginurahapberocont nokhedrat] 75%
rel ative 5 hupdiubieand 40Qs.eaper at lre s8HPTPACK) 5The aciignty o7.26N
crystal's was- pe&Rafeed by dissolving 5 ng off the dripd sanples in PBS
buffer, pH7. #intmasuring the agtivity infjthe olivefoil assay and then
conparing w thtinehe initial results. 10 Crystal Fornul ations Dried by
Met hod 5 Fi guf@frshows|t had3shel{ sta®-Rity pradide pf 6.74 50.42

days at
40“C

10 Lipase - 19.46 49.94 0.00 30.60 0.00
| Sucrose

initial
time :
After 66 17.70 60.70 0.00 21.60 0.00
15 days at
40°C and
75%
Humidity o .

Lipase - - 23:.30 : 52.33 0.00 23.17 1.20
20 | Trehalose :

initial
.| time
Atftter 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
iAfter 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 51.09 0.00 22.32 . 0.00
days at
40°C and
75%
Humidity




| i pase crystals fornulated wth sucrose, trehal ose and PEO Wen dried by
nmet hod 5, PEO was the nost protective.excipient, followed by sucrose and
then.15 trehal ose. Crustal Fornulations Dried by Method 4 Figure 4 shows
the shelf stability profile of |ipase crystals formnulated with sucrose,
trehal ose, PEO and MOPEG When dried by nethod 4, the excipients PEOC, 20
sucrose and MOPEG were similar in their ability to preserve enzyme activity
as neasured by their effect on the T1127 ¥l eRal ose was | ess protective of
| i pase activity than the other excipients. Shelf Stability 25 The tinme

required for the specifig g(‘d : viti of the enzyne to decrease by 50%is
known as the T1,2. Tabl "he effect on the T112 of the specific

activity for formnul ationé,)z&g}fl drle | i pase crystals. @ For_ |ipase, sucrose

was 't he nost protective Di é\]ntS °%5 913% 5P B 4retiHipaste oxi de ( PEO),
met hoxypol y eapyteﬂemgtt¢aql 508M0BRG) 73Nk fdfnadéiey ot-l}fé]t ail}p?a?ld t%ucsrrggéac_rl 56 fvvas
nore than 10-fo] d re prot ctive, as neasure y its effect on o]
specific acti vfﬁum‘lg'gﬁfeec?n Efpa¥8Sa ﬁOEGCOé’r‘?dT Fudedisy THEred Yaspase

Crystals 5 Exca pa:eﬂrSS_Eonalbday&):rea@@e ih T2e Suertese 1392 nhghal ose 90

PEO 835 10 IVODECGrél 4 re.

In contrast, Table 4 shows that crystals
which were formuléted and dried were much more stable
than the soluble enzyme. Such crystals showed a loss

10 of a-helical structure which ranged from 6.1% to 21.1%
after 66 days at 40 °C and 75% humidity. At the same
time, random coil in solution increased from 7-50% over
3 days, while crystallinity showed minimum random coil

coritent 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. In particular,
lipase formulated with sucrose, PEO and MOPEG showed
significantly less loss of a-helical structure and

20 maintained a higher specific activity ovér 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

Crystallization of Human Serum Albumin
Ten grams of_powdered human serum albumin was
»added 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,,, value of the



Sol ubl e l'i pase 0.0468 (1.124 hrs) The T12 was cal cul ated fromthe shelf
life data by non-linear regression analysis using the Sigm Pl ot

program - Table 2 shows that fornulations of 15 |ipase were 1,923 fold nore
stabl'e than sol uble when PEO was used as the excipient. In addition,

formul ations of |ipase were 23,300 fold nore stable than soluble |ipase .
when sucrose was used as the excipient (Table 2). Fornul ati ons using MOPEG
~and PEO 20 as excipients with |ipase cry 2al's were 9,270 and 17,800 fold
nore stable than soluble lipase (Table 2). The stability of the fornul ated
crystals rel at| etto th% noq:ef ormul ated crystals was greatly énhanced, as
shown in Tabl¥2 . upatedsanmendnt Byl HRER EPENALGSe wer e
59 fold nore (s'/t€a70Iga/JI harpmrfe@rmﬂ ﬁ@ﬁbﬂli@@@%&ié’ﬁt%és madgey thout an
exci pi ent at 0 sho in- Tagzlﬂe 2. _Simlarly, stals fornul at ed
with MOPEG wet é t@arha%o?Prf‘EﬁW AN ceYstal s and

crystals 30 f3@r0mg/al ed VE(I & sREQreerierb49 fetd rye @Eﬁ?&@lib?QtQBH
C, as shown in

formul ate p crystal s, W t hout an exci pi ent at

Tabl e 2. %I nzfqu?’,%l@fgjlé"tail s Selegl Ful 3Ed wi tht [Ucrds eraver e arlllgum@nd nor e
stabl e than Zystads- fier ol atamdxohll}mas%ﬂrﬁ/ﬁ@'aﬂz made W thoyl gan  exci pi ent
at 40 C, as shown in Table 2. Misture content: Misture content was

deter i ned by “¥1vd 2Rar IwegeFP§€ﬁélreﬁiePI¥odP’aa?§'b]dTleatﬁ§atnlplrﬁarﬂﬁ acryseals
i nstructions fresi of arictipubisbi w%no% MY 18feired Mat &0 QU pped: with a
VA- 06 Vaporii . zer o M t subi %hl Chem 8 Cor por at i on,
ium 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 pm) appeared in the

solution overnight after approximately 16 hr.

- Example 11

15 Formulation of HSA crystals using celatin.as.

excipient:
In order to enhance the stability of human

serum albumin (HSA) crystals during drying and storage
the crystals were formulated with excipients. in 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 llquor (2 5M

'fammonlum_sulfate in IOQmM 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.



Tokyo, Japan). Table 3. Misture content |ipase crystal fornulations 10

TI ME, DAYS % Mbi st ure SUCROSE TREHALOSE PEO MOPEG 0 7.23 5.58 8.56 7.03 129
11.11 10.45 10.43 10.01 Crystallinity: The crystal integrity of the _
formul ations '15 were neasured by quantitative m croscopic observations.
In order to visualize whether the crystals were -maintained their shape
after drying, the dried crystals were exam ned under an O ynpus BX60

m croscope equi pped w th DXC 970MD 3CCD Tol or Video Canera with Canera 20
Adapter (CVA D2) with Image ProPlus software. Sanples of dried crystals

were covered with a gl ags, cover I nmount tid and exam ned under 10X
magni fi cation, using an-—%%yﬂn%i—h$§r6§%¥ﬂ%?ﬁ% th an A ynpus UPLAN F
objective lens 10X/ 0.3 p nt t) I n .thj t he
crystals originally fo?rrlrgr% dg\%ﬁsﬁgguc%% , tPF@hﬁr}dseé% stﬁE%aI'é%d%cl\}HDEG wer e
readi |l y vi suahkezbddaf descfn?_ﬁedays BEka®mPl€ é&nd The drysdilsy. weﬁi@ure 5 shows
t hat crystals ate P resent at the initia
simlar: sgg%%ﬁéé%p?% oD Q%rvggéon { f g% s°F4eBrc aﬁ&lgﬁB%n |n
Figure 6 dém)nftmathedthat crystallinity was rral ntained for the entire
time period. Simlar data was obtained for crystals formulated with
sucrose, S MOPEG and trehal ose (data not shown). Secondary structure

characterization by FTIR The fourier transforminfrared ("FTIR")
Example 12

Soluble human serum albumin preparation:

For comparison, the soluble HSA sample was
prepared by dissolving HSA crystals at 20mg/ml in

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 w1th a
::VA-O6 Vaporizer (Mitsubishi Chemical Corporation,

‘Tokyo, Japan) .

_ Table 5. Moisture content HSA.crvstals

¥Moisture
25 TIME, DAYS Gelatin
-0 _ 5.0464

12 | 6.3841



spectra were collected on a N col et nodel 550 Magna series spectroneter as
descri bed by Dong et al. [Dong, 10 A, Caughey, B., Caughey, WS., Bhat,
K.S. and Coe, J.E. Biochenistry, 1992; 31:9364-9370; Dong, A.
Prestrelski, S.J., Allison, S.D. and Carpenter, J.F. J.Pharm Sci., 1995;
84: 415-424.]1 For the solid sanples, 1 to 2 ng of the protein was lightly
ground 15 with 350 ng of KBr powder and_f%élgd into small cups wused for
di ffuse refl ectance accessory. The spectr were col |l ected and then
processed using Grans 32 from Galactic software for the determ nation of
relative areas of the individual conponents of secondary 20 structure
usi ng second derivative and curve-fitting programunder amde | region
(1600-1700 cm 1). For corpetasdhnidysol uble |ipase sanple was prepared by
di ssolving |ipase crystals in phosphate buffered saline and anal yzed for
stability by FTIR 25 fesontpsyast iHebbre tYas rdalfy Mdiethiasifeld anss FTIR
spectra were coll ect on a N colet nodel 550 Magna series spectronmeter. A
1 m sanple SC2XHIUDIRY | THRREI WAL PR aBe G 6/ CRPZ O s rdmitdensry stsal  of
ARK ESP. The ceatitsedwer® modhsceed. at righkeah Howi0 tHreyand after the
| oss of nmost of the activity or,. near-zero activity. The acquired data was
t hen 79 oSEIHER iwﬁf?y%é%dgéysB%%HéiéZF?oﬁﬂGﬁaééﬁﬁéy géteware for the
det ermi nat i omr@fparalmaf inte: af@asuDitibe wiBHi ¥eduali nconpapents gofpggrondary
i d curve-fitting program under am de

structure, usin second derjvative an
5 1 -region Giﬁgﬁpfﬁﬁf %Sl%b was maintained after four days at 50
°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 areés of the individual_édmponents of
secondary structure using a second derivative and
curve-fitting program under amide I .region (1600 -1700

cm?) .

25 . _ .For-comparisdn, the soluble HSA sample-waéﬂ
prepared by dissolVing HSA Crystals in'wéter and tested
for stability by FTIR. The'secondary structure was

determined as in Example 9.



Table 4. Lipase at 40C and 75 Humidity Extended Sanple a- HeliXx n-Sheets
n-Turn coi |l Random Sol ubl e 25.08 59.89 4.57 3.21 .7.25 Lipase 5 initial
time After 3 13.14 16.11 13.59 6.74 50.42 days at 40"C 10 Lipase - 19.46
49.:94 0.00 30.60 0.00 Sucrose initial tine After 66 17.70 60.70 0.00
21.60 0.00 15 days at 401C and 75% Hum dity Lipase - 23.30 52.33 0.00
23.17 1.20 20 Trehalose initial time After 66 18.38 55.51 0.00 26.11
0.00 days at 25 4 0C and. 75% Hunidity 8%ipase- PEO 23.22 48.33 0.00 24.53

3.92 initial 30 tine
Table 6. Secondary Structure content of HSA

o- B- Extended
Sample Helix Sheets B-Turn | coil Random
HSA- 45.47 6.83 6.79 40.91 0.00
Soluble _ '
5 HSA- 28.71 30.39 8.58 28.07 4.24
Sol. 15
min
HSA~ 19.15 34.69 B.16 27.91 10.09
-50l1. 30
10 min .
HSA- 10.04 15.82 0.00 42.83 31.31
Sol. 60
|l min
HSA crystals
i5 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 crystéls showed an
_approximately'iG% decrease in a-helical content, a
large decrease in B-sheet content and no increase in

| . the content of random structure.

- 30  Example 14 PENICILLIN ACYLASE

Crvstallization of Penicillin-Acvlase

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



After 66 21.79 54.90 1.65 21.66 0.00 days at 4 0C and 75% 35 Hunmidity

Li pase - 24.66 49.37 0.00 19.20 6.77 MOPEG initial time -40 After 66
26.59 51.09 0.00 22.32 0.00 days at 4 0OC and 75% Hum dity 81 -
CONCLUSI ON: Table 4 shows that for soluble |ipase, approxinmtely 500 and
75 % of the a-helix and R-sheet structure content was |ost over three
days. There was 5 a corresponding increase in the content of random
structure. In contrast, Table 4 shows thatB&rystals which were formnulated
and dried were nmuch nore stable than the soluble enzyne. Such crystals
showed a | oss 10 of a-helical structure which ranged from®6.1%to 21. 1%
“after 66 days b QH?Q?%%%FEQ?%WﬁHﬁQh%y3OHum@mhI@nﬁm¢Otanélnaandon1c0|I in

sol ution increasRedt@itdbQ ML OD %98@{ dnm ie ﬁ%sé%&{,gggl ty showed

m ni mum random coil. content even after in Table 4,
obt ai ned usi nGFHER A Watoritesr HHarigs. Wht%e‘tdﬁd\éﬁﬂiﬁ@wﬂm wre,150roR| at ed

W th Aogyae /Ml

5 A biphasic solution of 4 M and 1 M sufficient

NaH,P0,.H,0 to yield a final solution concentration of
1.9 M NaPQ,, was prepared. 1In this 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,PO,.H,0. The enzyme solution was

10 poured gently into the side of the container *o 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
mlnute. 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 wés taken of
the supernatant. The sample was filtered with a 0.2

30 micron Acrodisc. The Aﬁmﬁ'of ﬁhe superhaténf'was
méasured. Whén supernatant Anmﬁ was greater than 1.0
mg/ml, the crystallization was allowed to continue for

24 more hours. When the supernatant concentration was



the activity data shown in Figure 4. In particular, |lipase formulated with
sucrose, PEO and MOPEG showed significantly |less |oss of a-helical
structure and 20 mmi ntai ned a higher specific activity over the 66 day
tife period at el evated tenperature and hum dity than crystals fornul ated
with trehal ose, which showed a 21.% |oss of a-helical structure and had
the I owest activity profile. 25 Exanple. 10 HUVAN SERUM ALBUM N
Crystallization of Human Serum Al bumi n Teh’grans of powdered human serum

al bumin -was added to a 75 m stirred solution of 100 nM phosphate buffer
(pH 5.5) at 4C. Final protein concentration was 30 120 ng/m, estimated
from t he -0D280evsl G8adf 1t Rem@Zmlgolthei Samoniofs(CT Ve tealt (Frlatety @febni um

sul fate sol utisQRer6464n9/ &) rePieRaled o Bed@iaNIZed Water, was added to the
protein solution to a final concéntration of 350 g/l or 50% saturation.

Next, the crygtahbigagkon 5 solution was "seeded” with 1 m of 50 ng/ni
al bumn crystals 1n. 509. ammonium sul fate at pH 5.5. Seed crystals were

prepared by washing a sagphe;ofhigryshaksy froge pof dygaﬂéygaie with a

sol ution of 50% saturate ammoni um sulfate 1n phosphat e buffer at
pH 5.5. 10s5The seeded ci)stghkhzabiroRneohbutiiQn tWAS ddagulated overnight at
4C on a vigorously rotating platform Crystals in the shape of rods (20

pm appeared PARERel138] aEYSASEYEPHPYNESaPt &f tEpPESXiifattaIsp yI&/Hch Exanpl e
11 15 Formul akke8uetsHEAe CENSLARLS 1 UShREr8ehatilsn oS befreGi1PiRMiici11in

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 pR of 8 at 28°C) per minute of reéction. The assay :
uses a_substrate_puffer 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
1.00M 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



In order to enhance the stability of human serum al bum n (HSA) crystals
during drying and storage the crystals were fornulated with excipients. In
this 20 exanple, HSA crystals were formulated in the slurry formin the
presence of nother |iquor before drying. GCelatin (Sigma Chenical Co., St.
Louis, M) was added to |ipase crystals in nother |iquor as an excipient.
Sufficient gelatin was added to |ipase crystals at a 25 protein _
concentration 20 ngs/m in nother |iquor %@ B5M ammoni um sul fate in 100NV
phosphate buffer, pH 5.5) to reach a final concentration of 10% The
resulting suspension was tunbled at roomtenperature for 3 hr. After. .
freat nent with gelﬁh?nsoihél@nygﬁalBrﬁéﬁéeﬁoﬁﬁﬂﬁh%ﬂ&ﬁpﬁ&(ﬁadﬂun$eqU|d by
centrifugatio S S Drying of HSA
crystals The Elg;th% %?ggt glﬁggagrgﬂy r| egfby t %(%‘a(l)tur&?rret hods descri bed in
Exanple 6., The crystals were suspended in cold (4C) ethanol as the
organi c sorvent 5 of nethod 4, Exanple 12 Soluble hunan serum al bum n
preparation: = For conpakieRa @ PeSH B i prepared by

di ssol ving HSA crystals at 20ng/m in 10 vvat er. Exanple 13 Shelf
stability: Shelf stabilft§ampleSal d?ﬁfl@élcéll%ﬂalacyfl@ﬁrml‘@ta ohisseereectarri ed
out in a waterbabs abuBEC:, 15 PPEr abypeca1The staly Ity ofythe crystals

was

weight) of protein were used for each assay.

Assay 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 reactien vessel, the hydrolysis of penicillin-G
was monitored by titrating the.reaction mixture with

0.05 N NaOH to maintain the pH at 8.0.

Example 16

15 Formulation of PA crystals using

hvdroxypropyl-B-cyclodextrin (HPCD)

as_excipient:

In order to enhance the stability of PA
crystals during drying and storage, the crystals were
20 formulated with excipients. In 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.' Ssufficient HPCD was added to
lipaéefcryst&ls at a protein concentration 20 mgs/m in
-mother liqﬁor (1;9M-NaHJKL, pH.6.6), to reach a final
concentration of 10%. The resulting suspension was

tumbled at room temperature for 3 hr. After treatment



noni tored by follow ng structural degradation by FTIR analysis. Misture
content: Mbdisture content was determ ned by the Karl 20 Fischer nethod
according to manufacturer's instructions wusing a Mtsubishi CA-06 Misture
Meter equi pped with a VA-06 Vaporizer (Mtsubishi Chem cal Corporation,
Tokyo,. Japan) . Table S. Misture content HSA crystals %bisture 25

TI ME, DAYS Gelatin O 5.0464 12 6.3841 84 - Crystallinity: The crystal
integrity of the formnul ati ons was meastr &4 by quantitative mcroscopic
observations, as described in Exanple 9. Figure 7 shows that HSA 5
crystals were r.eadi visualized i diately after  preparing the .
foynulation mﬁ?ﬁ%gg: Vnigfiéﬁpgt§ﬁgﬁdﬁ%ret ghat7yet at FPRi £y wasIHafnt ai ned
after four dapy aentxQfuGatSecordadessirfiisédr en chasmst €1 6ZahéORolY1 FTI R

10 The FTIR spectra were collected on a N colet nodel 550 Magna series
spectronmeter as described by Dong et al.[Dong, A, Caughey, B., Caughey,
WS., Bhat, K S. and Coe, J.E Biochem stry, 1992; 31:9364-9370; Dong, A
Prestrel ski, BxamplAl [li’7son, S.D. and 15 Carpenter, J.F. J.Pharm _ Sci.,

1995; 84: 415-424]. For the solid sanples, 1. to 2 ng of the protein was
lightly ground with 35@ompudttkBn pdwity @ndsfald adsim: ansime ¢

5 ligquor itself as excipient:

The PA crystals were formulated using mother'
ligquor (1.9M NaH,PO,, pH 6.6). The crystals were

separated by centrifugation as in Example 16.

Example 18

10 . Drving PA

" The PA crystals from Examples 15417 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.

15 Example 19

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.

20 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.



cups used for diffuse reflectance accessory. The spectra were collected and
processed using Gans 32 20 from Galactic software for the determ nation
of relative areas of the individual conmponents of secondary structure
using a second derivative and curve-fitting program under anmide | region
(1600 -1700 cni). 25 For conparison, the soluble HSA sanple was prepared
by di ssolving HSA crystals in water and tested for stability by FTIR The
secondary structure was determined as Tn°Exanple 9. 85 Table 6. Secondary
Structure content of HSA Q R Extended Sanple Helix Sheets R-Turn coil
Random HSA- 45.47 6.83 6.79 40.91 0.00 Soluble 5 HSA- 28.71 30.39 8.59

28.07 4.24 gexampke 20 HSA- 19.15 34.69 8.16 27.91 10.09 Sol. 30 10 min
HSA- 10.04 15.82 0.00 42.83 31.31_ Sol. 60 min HSA crystal s i5 HSA 49.08
24.77 0.00 26.15 0.00 %%M—QMMMOOO -Gel atin

The activity of the dried crystals from
Example 18 was tested in the Pen G assay as described
5 1in Example 15. The dried crystals (5 mg) were
dissolved in 1 ml of water and the activity was

measured using Pen G as substrate

Shelf stability:
The shelf stability of PA dried crystal

10 formulations was determined using a Reactive-Therm III
- Heating /Stirring module by‘Pierce at 55°C
temperature. - Activities were measured by dissbiving 5
mg of the dried sample in water and measuring the
enzyme'activity in the Pen G assay described in Example

15 15 and compared with the initial results. Figure 10 |
depicts the shelf stability profiles of PA crystals
with and without excipient. Figure 10 also depicts
shelf stability profiles of PA crystal formulations

dried with nitrogen (method 1) or air dried (method 4).

20 Table 7. Penicillin acylase activity at 55°C

Dry Crystals-Penicillin acylase Tl/2 days
Penicillin acylase -crystals dried by [123.25
lyophilization
Penicillin acylase - HPCD dried by 99.24

25 lyophilization :
Penicillin acylase - dried using 24.85
nitrogen '
Penicillin acylase —-HPCD dried by 87.91

. nitrogen _ '
30 |Soluble Penicillin acylase , 0.21 (4.92
hrs)

The T,,, was calculated from the shelf life

data by non-linear regression analysis using the.Sigma



After. 12 20 days at 50C CONCLUSI ON: Sol ubl e HSA showed a rapid 78%
decrease in a- helical content after 1 hour in solution and a 25 '
correspondi ng increase in randomcoil structure. Dry fornulated crystals
shewed an approxi mately 16% decrease in a-helical content, a |large
decrease in-R-sheet content and no increase in the content of random
structure. 30 Exanple 14 PEN Cl LLIN ACYLASE Crystallization of Penicillin
Acyl ase An ammoni um sul fate suspension of SPenicillin acylase from

Boehri nger Mannheimwas the raw material. The suspension of Penicillin
acylase was diluted 1:3 35 with deionized water. This solution was
concentrat ed §8othprdigran r atThen aisimigl i BOKE nignbr fmentbatedi oaystals
concentration at 8D T o] en
diluted with ﬁM%&% I—%Z}%Zt o1l ﬂég&ﬁllg%cgnm ?%afg ‘%%l p %\gﬁcggbl ution
of 4 Mand 1 Mss@awe dit TaliePo4. H2ZO texanmlel acfysbklsofutmobated
concentration,gfc g R 8 ot.1 M
RaroPen 00 weden tfd Iy Oe%qusﬁlgl%%eegsftat%hét Egeg%lggfg A %Bngn? of 4 M
NaH2PO4. H2@®.  TiH@bdigzyine scﬂﬁkﬁ@d%@ﬂ@ll@dlﬂcbmlg@nt}wcmm@rehé §i Geldf the
contai ner 10 &y ar kel Abevoct heah Moll'@% AL QEHeAd Sl ];ser was set
up with a marine inpeller. The agitator was place nto t container with
t he bl ades juS@dseMgwhcod AW eMcipient, as shown in Table 7.

Moisture content:

Moisture content was determined by the Karl
10 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 8. Moisture content of PA crvstals

o $¢Moisture
15 DAYS : PA HPCD
0 2.6198 1.5722
43 2.1792 : 3.1963

Crystallinityv:

The crystal integrity of the formulations was
20 measured by quantitative microscopic observations as
described in Example 9. Crystallinity was maintained
through out the process as indicated by the crystals,

which were readily visible (data not shown).



interface. The speed was adjusted to a setting of 8.0, 15 or 600 rpm The
agitator was switched on and stopped after 10 m nutes. The inpeller was
renoved fromthe container. The volune of seed crystals was nmeasured wth
a graduated pipette using between 0.5 and 0.1% by volune and added to the
20 L sterile polycarbonate 20 container. The seed was not allowed to be
static for nore than 10 seconds before. addition. The solution was m xed
by hand using a flat-blade inpeller for—aBdut 1 nminute. The
crystallization mxture was allowed to stand for 24 hours. 25 After 24
hours, the contai ner was opened and the sol ution was ntxed by hand for 30
seconds. The sol ution $A§CAGEEKeAt g shags ! y

After a total of 48 hours, a 10 n sanple was taken of the supernatant

The sanpl e was filteredShrPhlAtE. vasoags@ssedadyodiusea t e N80y of t he
supernat ant V&ascofBasyr §euc¥ies éHH@éH%t%%tt%%BQHQk%Pénﬁgjﬁﬁﬁg it 1.0

nmg/ M, the crystallization was allowed to continue for nore hours. Wen
the supernat aft €BNEEALFaPY ohT HRsa87deFEgs bagar n Examplel 9 -t h& A28 of
crystal .slgrryn apgls §y@er9ataa5m,195£§emé pengJdeierm ned. Exanple 15
Penicillin G Assay for PA Crysta 5 The basis of the activity assay for
Penicillin acylase involves a titrinmetric assay which neasures the
enzymati ¢ hydrol ysis of _benzyl pen|C|II|n by t he enzyne The enzyne

catal yzes cl eavage of28l€pRensecandayl §EIusturemado FA 5%°6G t hus causi ng
a 10 decreasd T pH TN[S activity Was f O OwWed by T Extendeq
Sample o- Helix - | f-Sheets fi~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. o

init: time . ) _
After 22.53 18.8 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 , 1
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 C
55°C




measuring the volune of 50 mM NaCH needed (to maintain a pH of 8 at 28C)
per mnute of reaction. The assay uses a substrate. buffer nmade with

pot assium chloride and Tris and was reported in Wnyg. 15 Penicillin

acyl ase assay: Chemicals and solutions used in the assay: 1. Penicillin-G
Sigma, Potassiumsalt 2. 0.05 N Sodium hydroxide 3. 1.0 MKO, 20 nM Tris
buffer, pH8 0 20 4. 10 MM Tris, 10 nM Cad 2 buffer, pH 8.0 5 0.01 M PBS
buffer, pH 7.5 Preparation of substrate sdldition 1 g of penicillin-G was
added to 10 ml of 1.0.MKOA, 20 mM Tris buffer, pH 8.0 solution and about
25 70 M of D water, 1 m of 10 MM Tris, 10 nNICaClZ. Then the pH of the
sol ution was adjusted t=@EYSIQH: 0.05 N NaOH Next, final solution

vol une was adjusted to 100 88 m . The solution was prepared fresh before
each use and used withi % iRShorf sXoRepiEpar SPPERRT Prepditdt iadirest 1PA

sanpl e sol uti cmaf? M@lmlfemﬁéiwlﬁcx&%gsws dhseehved st WheRBS
buffer, pH 7. pically, 2 to 4-ng (dry g of protein were used for
each assay. AdS f%ﬁskﬂ&ﬁ%ﬂ@%l%no@X%bB%QFFlPﬁ Gthgo Iprmytl afdmineivasi n

acyl ase substratfeq s Wd@baes abddedakeia titeationivesselnand-10
equilibrated to 28 C After adding the enzyme solution to the reaction

-vessel , theIﬂ&ﬂkﬁ%&;%PQﬁe%ﬁHW%ﬁli?%tG?fRﬁ§ ABnfe¥EedtbyStifrating the
reaction m xt WM tdry 2 05 N NaOH to maintain the pH at 8.0.

Examplie 21 GLUCOSE OXIDASE

Preparation of Glucose Oxidase Crvstais

10 ' We prepared crystals of glucose oxidase as
follows. First, the glycoprotein was purified by anion
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 preciée 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.



Exanpl e 16 15 Formul ati on of PA crystals using

hydr oxypr opyl - R-cycl odextrin (HPCD) as excipient: In order to enhance the
stability of PA crystals during drying and storage, the crystals were .20
formulated with excipients. In this exanple, PA crystals were fornulated in
the slurry formin the presence of nother |iquor before drying.

Hydr oxypr opyl - (3-cycl odextrin (HPCD) (Signa Chenmical Co., St. Louis, M)
was added to PA crystals in mother 25 |iQqudt as an excipient. Sufficient
HPCD was added to |ipase crystals at a protein concentration 20 ngs/min
not her |iquor (1.9M NaH2PO4, pH 6. 6) to reach a final concentration of
10% The resulting suspesns v E@1ad 2a5d@nt &N ys€ for 3 hr.
After treatnment 89 mnthokfﬁggethe crystals wer e separated fromthe liquid

by centrifugation as described in nple 6, method 1. Exanple 17
Formul ati on of PA crystaf§ ﬁ%FﬁﬁmﬁﬁﬁﬁePre§eFF&GOFOPﬁééHpnés ipient: The

PA crystals we;mee;wmviaéeglcwénarggrta@nlzbwear offl g 19MMNaHZEA - H 6. 6)
‘The crysta arated by centrifugation as in Exanple 16. Exanple 18

| s were
10 Dryi na ﬁi'ﬁﬂ??ﬂ?%ﬁ%&%a§§a¥?oﬁFEﬁéﬁﬁﬂé§a§5097gﬁéﬁéaﬂHéhlﬂﬁQhﬁ?%mcordlng

to the methodsidg ﬁoogo@1@15Eg§n8h9c§pro{g§norganlc sol vent used for nethod
4 of Exanple 6 was ethyl acetate.

A. Crystallization at Constant pH Without Seed

Glucose oxidase was diafiltered in water and
concentrated to an A,, of between 5 and 15. ' The glucose
10 oxidase concentrate ‘was mixed (1l: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 excipients. 1In 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 liquor as an excipient.

Sufficient trehalose was added to GOD crystals at a
protein concentration 20 mgs/ml in mother liguor (100
mM sodium acetate buffer, pH 5.5 containing 32%

30 isopropanol and 9% PEG 6000) to reach a final



15 Exanple 19 Sol uble PA preparation: As a standard of conparison, a sanple
of soluble PA was prepared by dissolving PA crystals in water at 20 '
mg/ m . 20 The stability of soluble PA was nmeasured over time and a plot
specific activity at 55 C versus tine is shown in Figure 9. PA enzyne
activity in solution decayed rapidly and was undetectable after
approximately 20 hours. 90 - Exanple 20 Activity of the dried crystals: The
activity of the dried crystals from Exanpbg 48 was tested in the Pen G
assay as described ‘5 in Exanple 15. The dried crystals (5 ng) were
dissolved in 1 m of water and the activity was neasured using Pen G as
substrat e SheldforstabitatyonThé dheél.f Shabidestyl tomdPAsudibead iarysiaad 10
formul ati ons d roin sing a_Reactive-Therm Il _Heating, ,/Stirring
nodul e by Pi e\r/\@%n%fé(&% ?g?r}éelrtggﬁreéa%uﬁ& 'if\e?lrt ir}’gglrv\'/er é‘\‘%&sﬁrreeg’wnt

di ssolving 5 wirlofttdeatiosed shapkeyisihalat ererendapeasittddng ddie tenzyne

activity in the Pen S 286Gl in Exanple.15, 15 and ¢ ed with
the initial reglu lfls(.i qﬁ?gé(rg?e{t%%ﬁgggﬁgps atshédaeg%eﬁ%besdt aBi %&V‘pggg%r’l es of PA
crystals whbthmetritbav 1 hout excipient. Figure 10 al so depicts shelf

stability profiles of PA crystal fornulations dried with nitrogen (nethod
1) or air dried (nmethod 4). 20 Table 7. Penicillin acylase activity at 55C

Example 23

Formulation of glucose oxidase crvstals 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
hvdroxvpropyl-8-cyvclodextrin (HPCD)

~as_excipient: _
Glucose oxidase crystals were formulated

20 using hydroxypropyl-f-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.



Dry Crystals-Penicillin acylase T1/2 days Penicillin acylase -crystals
dried by 123.25 |yophilization Penicillin acylase - HPCD dried by 99. 24
25 lyophilization Penicillin acylase -dried using 24.85 nitrogen
Penicillin acylase -HPCD dried by 87.91 nitrogen 30 Soluble Penicillin
acylase 0.21 (4.92 hrs) The T112 was calculated fromthe shelf life data
by non-linear regression analysis using the Sigma 91 Plot program The
stability of the formul ated crystals rél &% ve to the non-fornul ated
crystal s was enhanced, as shown in Table 7. For exanple, crystals
fornulated wifh HPCD were 418 fold nore stable soluble PA at 55 C 5 (Table
7). Crystals @%ﬁﬂﬁﬂé%éﬁgmﬁth HPCD were 3.5 fold nore stable at 55 C than
non-f ormul at ed PA cryst de mnthout an ex0|p|ent as shomm in Table 7.
Mbi sture content: Nbistaﬁﬁz%gg¥ S e RALB3 als g

met hod according to man émauﬂﬁﬂassdm@ﬁdiﬁﬁ ons u5|ng a NltSUblShl CA-06
Moi sture Meter equi pped th a VA-06 Vaporizer (Mtsubishi_ Chem ca

Cor porati on, Tokyo, Jap%% Oﬁﬂﬂ%?%gaﬁﬁn%ﬁ¥ﬁ%§£§nﬁ%ﬁ? bPrmAl 2Tt @F s
%bi st ure 515iDA¥Saitd IHPCR b2 a@l98 gl 22t in to a final

concentration of 10% (Sigma Chemical Co. St. Louis, MO)

in mother liquor (instead of trehalose). The crystals
were separated from the mother liquor/gelatin solution

after three hours by centrifugation.

10 Example 26

Formulation of glucose oxidase crvstals using

Methoxvpolvethvlene Glvcol as exc1olent

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 cryétals were
separated from the mother liquor/methoxypoly ethylene
glycol solution after 3 Hrs by centrifugation as '

déscribed 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 aftér“thrée

hours by centrifugation.



43 2.1792 3.1963 Crystallinity: The crystal integrity of the fornulations
was 20 neasured by quantitative m croscopic observations as described in
Exanmple 9. Crystallinity was mai ntained through out the process as

indi cated by the crystals, which were readily visible (data not shown). 92
Secondary structure characterization by FTIR  Stability was assessed by
quantifying the secondary stucture coq;qp}lpf the dried and fornulated PA
crystals by FTIR as described in Exanple 9. Soluble 5 PA was used for
conparative. purposes. Table 9. Secondary Structure of PA at 55C Extended

Sampl e a- Fbl#x ﬁS?eeég -Turn coil Random Sol uble PA 37.74 33.53 11.57
17.16 0.00 | 10 After 2 25.27 35.32 7.29 21.93 10.19 hrs at 55C

After 9.29 50.66'0.00 25'7Zn&36 §c §4h63' %SQS o 1% P@.bdried ~33..83 27.99
5.32 13.66 0.00 by Iy0pﬁ?—1ﬂn4i—4%4&?%%4%ﬁ-€§;§§—%§7é—%$.03 18.42 23.12
43days at 20 55C PA - HRED £P, 3,38 80: 422 2fyita® QQrndibedcly
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 i1 éhows the_stability of the soluble
glucose oxidase over time at 50 °C. The specific
activity declines rapidly with time. After 24 hours,

15 the specifi¢ activity decreases by more than 90%. The
\ T,,, for soluble glucose oxidase was calculated to be
.0.91 hours.

Example 30.

Glucose Oxidase Activity Assav:

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, dilﬁted'to 0.21 mM as

working solution before use,



lyoph. init. time 25 After 19.05 16.77 23.11 16.65 24.42 43days at 55C
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 55C 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 55C 93 - CONCLUSION: - The | oss of a-helical content.
was 76?, after 1 day for soluble Penicillin acylase. In contrast, when
HPCD was used as an excipient and the fortfulation was 5 dried by net hod 1
of Exanple 6, only 31 -x; of the a- helical content was |ost after 43 days
at 55 C tenperature. anple 21 GUCOSE OXI DASE Preparation of ducose
Oxi dase Crystals 10 prepared H15RT A1 SO0 §Plcose oxi dase as

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
spectréphotometer. Use the kinetic mode and set

T 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 enzYﬁe solution added.

4. Pipette 2.4 ml of oxygenated O-
dianisidine/phosphate working solution, 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)



follows. First, the glycoprotein was purified by anion exchange

chromat ography and then the crystallization paranmeters were optim zed
(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 200 2-propanol or ethanol and
buffer to adjust the pHto between 3 and 6. It should be understood,
however., that nany sets of experlnentalfﬁh. conditions within and near
this range can produce satisfactory results for the crystallization of

gl ucose oxidase and, ot her oproteins. Those of skill inthe art wll
appreci ate that tHe FE%F?é%ég%ﬁﬁ|Qﬁ%cﬁh?éhpa€9ﬁﬂémentN&Xpﬁédﬁéébbrystals

of the desired SIZ@*mmiéﬁiihgﬂﬂﬁehcﬂWéit&atwlgéﬁ tasdirkf ehencegeth e
experinmental conditions, such as protein and reagent purity, rates . of

stirring, shear forte® effeciREHTFPHIGLINGHREL @ CBOAt 6AMPAr tBANt ange Scal e
Crystal lizati on ofst@rtcase cdXidtasaeiadéa det ernined preferred conditions for
preparative scale crystallization of glucose oxidase. 5 Preparative scale
crystalli zat iceﬂcgﬁmrealdhp iemmmee sl £ 0c 990t b 5+ 0f ugh ygopratein. A
Crystallizatl Q%Q %tant PH Wt hout Seed  ucose oxidase was
diafiltered it? WRrer9and®* nE"(}ﬁ"centrated to an A280 of between 5 and 15. The
gl ucose 10 oxi dase con%entr e was (1; %g W th one vol une of the
crystal lizing reagent C&TE ﬁFn@cf§®”ﬁEG'66% *QH9ESEpropanol in 0.2 M
Na- Acet at e ahh%@e§.oh After

A = The changed in units of absorbance at
;0 ' 460.nm per minute

"B = Reaction mixture volume (ml)

C = Di}utipn factor

D= 11.3 (a constant)

E = Weight (mg) of the enzyme used

15 F =" Sample volume (ml)

Example 31

Activityv of the dried crvstals:

The activity of the dried crystal
formulations of glucose oxidase was measured as

20 described in Example 30.

Shelf stability:
‘A study of the shelf stability of

formulations of glucose Qxidasé 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



m xi ng, the solution was cooled to 6C. The glucose oxidase crystallization
solution was stirred for 24 15 hours at 100 rpmwi th a propeller stirrer.
During this time, the crystals formed gradually. Exanple 22 Formul ation of
gl ucose oxi dase crystals using trehalose as excipient: 20 In order to
enhance the stability of glucose oxidase (GOD) crystals during drying and
storage, the crystals were fornmulated with excipients. In this- exanple,
GOD crystals were fornulated in the slard$? formin the presence of nother
| i quor before drying. 25 Trehal ose (Sigma Chemical Co., St. Louis, M) was
added to GOD . crystals in ,nother |iquor as _an excipient. Sufficient

trehal ose waR e PBE BFYSY NG 4t g Ofr bPei AréeAcenmpaE dm 20 mys/ n
in mother |iquorcidfdre dbbhsoeh ipnacedabBdbUhERN meRELP 1 RCeRLAI Ni Ng 32% 30
I sopropanol and 9% PEG 6000) to reach a final 95 concentration of 105x.
The resul ti ndSusPensi rCWS Y urd| 264aBPleodhr t enperature for 3 hr. After
treatnent wth trehaIQﬁﬁ, the}cr%stals,mere separated fromthe |iquid by
centrifugation as described® ExaialPelsties nefhblie 1varieaapbduggse :
Formul at i dn @fx igl db00 Sfo i Batsen 168 VSt 8q Ust NGy +@chd ol d?‘ée%?%@&?”t 3

d ucose oxidase crystals were fornulated as 10 in Exanple y addi ng

| acti t ol (SigiﬁE e @Fessiteq ol sEFigrye 12 nsteadtototirehal bbe) to a
final concemdaat iech¥ cft (KO- {die®therpld SPFi nd "g1 ucose oxidase

specific activity over time at elevated temperature.

Table 10. Glucose Oxidase at 50°C

10 Dried glucose oxidase -crystals

Excipient- T,,, days
none - 1.52
Trehalose . . . 3.8
Lactitol o 4.85
~15 HPCD : 2.4
MOPEG o : 13.1
Gelatin 3.85
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
‘exXcipient (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).



crystals were separated fromthe nother liquor/lactitol solution after
three hours by centrifugation. 15 Exanple 24 . Fornul ation of gl ucose

oxi dase crystals using hydroxypropyl - R—cyclodextrln (HPCD) as ex0|p|ent

d ucose oxidase crystals were fornmulated 20 using

hydr oxypr opyl - R-cycl odextrin (HPCD) as in Exanple 22 (instead of

trehal ose) by adding HPCD to a final <concentration of 100. in nother

i quor and incubated for 3 hrs (Sigma chamiical Co. St. Louis, M).- The
crystals were then separated fromthe nother |iquor/HPCD 25 solution after
3 hr. by centrifugation as described in Exanple 6, nethod 1. 96 - .|
Exanpl e 25 Fornulation oFoghuda&&onsidaﬁe eriyst alisHeyl nrergeladd n as

exci pi ent: i,d ry were formulated as 5 in Exanple 22 by
addi ng gelatln gé%lgé P$C§0n§§%#§atﬁ a&ﬁnléﬂ% CEGIr ehéini cal Co. St.
Louis, MO i nemtxbeenttsqumrth( olstesd ofidualkalas@)talBhavedieyst.a SsoMmer e

separated fronbtgo ngthe gug /ggl%t%g%sol tlogﬁééft§$a;£éfe ours by
/085

centrifugation fnulatl glu al s using
Met hoxypol yét hly[beees&;od:el thanextupbest ox1ﬁbeeg|cu®@3:%l%xin@aﬁe wWarrshial s were

fornmul ated as_in_Exanple,L 22, by.addi ng nmet hox I ehyle col L 15 to a
final concentr%?lSXClPlfﬁgb?gléﬁa ghe%?cﬁﬁa68¥g§t tr1/ ' ghgwn in

Table 10.

Moisture content:

Moisture content was determined by the Karl -
10 Fischer method according to manufacturer's instructions
using a Mitsubishi CA-06 Moisture Meter equipped with a
-VA-06 Vaporlver (Mitsubishi Chemical Corporation,

Tokyo, Japan).

Table 11. Moisture content of GOD cryvstal formulations

15 TIME ' $Moisture
DAYS Trehalose Lactitol HPCD MOPEG Gelatin Sucrose

0 4.3819 4.52714 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 sth that glucbse oxidase crystals
were readily visualized immediately after préparing the
lactitol formulation. Figure 14 demonstrates that
crystallinity was maintained after 13 days at 50 °C.

Crystalline material was also readilyivisualized after



Louis, MO in nother liquor. The crystals were separated fromthe nother

| i quor/ met hoxypoly ethylene glycol solution after 3 hrs by centrifugation
as described in Exanple 6, nmethod 1. 20 Exanpl e 27 Formul ati on of gl ucose
oxi dase crystals using sucrose as excipient: G ucose oxidase crystals
were formulated as in Exanple 22 by adding sucrose to a final. 25
concentration of 10% (Sigma Chenmical Co., St. Louis, M) in the nother

| iquor. The crystals were separated fronmiOBe-nother |iquor/sucrose
solution after three. hours by centrifugation. 97 - Exanple 28 Drying

G ucose Oxi dase Formul ati ons The gl ucose oxi dase crystal fornulations

descri bed abovieo ¥Ryl Ui @dg tiecosei oyl dasehel bt hodhalosdesars hibiatdskanpl e
6. Method 4. utjili | g (4 pa he o nlc ol vent anpl e
29 Sol ubl e gl ucrlos%ﬁ%%(l'lcééagse prcﬂébjé%gp%%n ngf,ég%& gI‘GI é%% ﬁ% SOT abﬁneedgrucose
oxi dase 10 sairﬁﬁ@l\&awmle@hx@@dbayfmswfwnglgl decyseadzxﬁ@a%, esystal s at
20 mg/ M in S%ngﬂntgzg puffeg, pH6.0. Figure 11 shows the stability of
t he sol ubl e ucose OXI ase over time at 50 C. The specific activity

decl i nes rapi dIy with time. After 24 hours, 15 the specific activity
decreases by nore than 90% The T112 for sol ubl e gl ucose oxi dase was

cal cul ated 40 be '0'91§E%Hﬁﬁarv structure characterization by FTIR:

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.



Exanpl e 30. d ucose Oxi dase Activity Assay: 20 The foll ow ng protocol was
used to determine the activity of dried glucose oxidase crystals and _
crystal fornulations. Chem cals and solutions: 1. Phosphate buffer (20 nM
pH 7.3), Nad 25 (0.1 M solution, 2. 21 nM O D ani si di ne di hydrochl ori de
stock solution, diluted to 0.21 nMas working solution before use, 98 3.
2 N glucose solution, 4. Peroxide solution (2 ng/m), 5. 50 mmcitrate
buffer, pH 6.0 Sanple preparation: 5 1. Add 2 mg of glucose oxidase to 1
m of 50 mMcitrate buffer, pH 6.0 and vortexed well for about 2 mn. The
solution was m xed by tunbling at roomtenperature for 1 hour to
reconstitute. 2. Prepare a dilute enzyme solution by 10 mxing 0.1 nml of

t he above enzyne sol utliabiewilzh sé19bMe aflddessanei £ids aje bodd er. Assay
procedure for earzyre—aet-y-y nea,ui.%e_neni: 1—The %ﬁk mnitored by a
UV-Vi's spectrlophot onet er . e the.Kinetic e and , Vel engt h |at
460 rimand te ol e Hsgix —E.iﬁzrsm L-EQ NE 00 di QAL di nclﬁﬁﬂé"ﬂh te
wor ki ng sol utilon in the 2 ef Batt4nd pthbt?2 |the BoBatijoh2whth

oxygen for at @38t Hgeni n hef of e _use

O

Atter 1lhr 23.05 34.78 6.17 18.5¢ 17.44
at 50°cC
After 6 hr 9.92 25.45 8.44 32.04 24.15
at 50°C

GOD- 30.34 29.10 8.
10 Trehalose . 28 23.13 9.15

init. time

After 4 24.63 33.32 | 5.78 5717 §.10
days at 50°C ' ’
L GOD 33.82 25 .88 8.82
i o eitol . . 32 20.41 11.07
init. time
After 4 27.24 27.53 8.56 19.82 16.85
days at 50°C .
GOD —~HPCD 29.81 | 25.75 8.46 _ 23.10 l2.88
20 init.. time o ' :
Aft_er -4 17.15 15.75 6.12 31.67 26.31
‘] days at 50°C _ .
GOD -MOPEG 25.45 28.23 9.62 22 .52 14.18
init. time |
\25 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
30 days at 50°C
GOD - 30.12 29.68 11.03 19.75 9.42
Sucrose . L

init. time
After 4 24.68 23.75 9.58 .31.53 10.46
35 days at 50°C :

CONCLUSION:

Soluble glucose oxidase lost 75% of its «-

helical content within only 6 hours at 50 °C.

The sugars lactitol, sucrose and trehalose
40, were the most effective excipients in preventing loss
of a-helical content upon storage at an elevated

temperaturé. Glucose oxidase crystals formulated in



20 3. Measure the blank using the reagent solution wthout the enzyne

sol ution added. 4. Pipette 2.4 ml of oxygenated O dianisidine/ phosphate
“working solution, 0.4 nl of 2 Mglucose solution and 0.1 nml of peroxidase
into 25 a disposable cuvette. 5 Add 10 ml of. the enzyme sanple on the
cuvette wall (tilt the cuvette to prevent the sanple frommxing wth the
reagent at this step) 99 and cover with 2 Elece of parafilm M x quickly
by inverting the cuvette tw ce, insert the Cuvette into the
spectrophot-oneter's cell conpartnent and start to collect data. 5

Cal cul ate the cl n the. foll ng fo I
Specific act.vﬁgﬁyq§ﬁw53%?%¢ﬁ¥% Iv%eé%é 9%_ n%h%ﬁbﬁamkﬁ HﬁF5§Ho§
absor bance at shb@es6®@miy Ear 1 rutle B! = Réasdsl@fl @i Xé Ut eavokymacEakpl C =

Dilution fact Q s ant ight (ng) of the enzyne used
15 F Sanpl e V%F&¥§“5m f%ﬁ%gﬁgfga %%thlt “of the dried crystals: The

activity of the dried crystal formulations of glucose oxi dase was neasured
as 20 described in Exanple 30. Shelf stability:

Example 32

5 Drvinag of Candida rugosa lipase crystals:
Materials:
A - Candida rugosa lipase (Example 1)
B - Poly(ethylene glycol), 100% PEG

200, 300, 400, or 600
10 ~ C - acetone

Procedure:

A 4 ml aliquot of cfystal‘suspension (140 mgqg)
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 addéd 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.



A study of the shelf stability of formulations of glucose oxidase crystals
was perfornmed. In this case, the fornmulations were dried by nethod 4 25 of
Exanple 6 and were stored in a 2 ml screw cap Eppendorf tube in a

wat erbath at 50 C tenperature for 13 days. Activities at specific tinme

poi nts were 100. obtai ned by dissolving 2 mg of the dried sanple in 50 mM
citrate buffer, pH 6.0 and then neasuring Qﬂ@ activity according to
Exanpl e 30. The shel f stabilities of the various glucose 5 oxidase
-formul ati ons stored at 50 C were determ ned. The data are presented in
Figure 12. Lachg%Elga§3the nost effective excipient at preserving glucose
oxi dase speci over tine at eIevated tenperature. Table 10.

d ucose Oxi dase at 50C i _

days none 1.52 Trehaloqs(glr P %@

Gelatin 3.95 Sucrose 3. ﬁgte?qgggle GCD 0.04 (0 91 hrs) 20 The T112 mas
cal cul ated fromthe shel ta by non-|inear regression anal ysis

using the Sigma Plot program, Table Qg %ﬁﬁguf nulatlons of glucose
oxi dase were 95 fold nore stable than SO ehalose was used as
t he excipieat. In addition, B - 15¢ NaSO. solution
o ¢ 4
Procedure:

_ One volume of crude purafect enzyme solution
is mixed with two volumes of 15% Na,SO, solution. The
mixture 1is 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, solutlon to yield a protein concentratlon of :
27 mg/ml. -

15 Example 34

Drving of Purafect crvstals:
Materials:
A - purafect crystals suspension

B - Poly(ethylené 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



25 formul ati ons of glucose oxidase were 121 fold nore stable than soluble
when lactitol was used as the excipient (Table 10). Formul ations using
HPCD or MOPEG as excipients with glucose oxidase crystals were 60 and - 325
fold nore stable than sol ubl e gl ucose oxi dase, 30 respectively(Table 10).
Finally, fornulations using gelatin or sucrose as excipients wth glucose
oxi dase «crystals were 99 and 82 fold nnrg gtable t han sol ubl e,
respectively (Table 10). - 101 Fornul ati A8 fmde with either t r ehal ose,

| actitol, HPCD, MOPEG gelatin or sucrose, as excipients with glucose

oxi dase cryst 5 fold, old, 8.6 fold, 2.6 fold, or
2.2 fold 5 nn?%ﬁ%ﬁgbl%&#hhi @Th%%%%ﬁbx?ﬁa@géEPyEPaF§cﬁa&ébﬁ|Fﬁ@uF hean
excipient at Sfbrerttss ressuittedyudtdil, hesoghaubukn Takl @ uiBenMicst ure
content: Moisture conteﬁ11 was det er mi ned gﬁ the Karl 10 Fischer nethod
according to mahFEET I i dsthateomst O88i hg A0RCt Babi Spr BAT®&SWbI sture
Met er equi pped wid 6 animMAeHE Vaporizefhé MiqubquibW%%m gal rERpRRIAL I on,
Tokyo, Japqﬂ) TabIeI#; Npésture content of GOD Cré% formul ations 15
TINE 9bi stur SSHRYS ribhal DAFTHRAS t bt SPRXPPREPEG RBEAPPA 306r 8588 4. 3819

4.5274 8.3817 s612R0F A.aM9G Us 20831 t a1 8) 729224424808 8afh82uB8e0463 13. 7541
9.8284 Crystalllnl%%ﬂtzo The crystal_ integrity of the GOD fornmul ati ons

was neasur ed lat i V&1 S 6ol @F 9BREF vEP{ BABL suspensions
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, nitrqgen gas is passéd

through the column t? dry the crystals ﬁntil a free

flowing powder results.

Example 35

15 Producing DNA for Crvstallization

Plésmids 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 cDNA
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.



as described in Exanple 9. In this exanple, the crystals were readily
visualized, indicating that crystallinity was naintained throughout the
process. 25 Figure 13 show that glucose oxidase crystals were readily
visualized imediately 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 - 102 formulating
gl ucose oxi dase with trehal ose, as depictéd’ imn Figure 15. Likew se;
crystalline naterial remained readily visualized after after 13 days at 50.
C, as shown in Figure 16. 5 Secondary structure characterization by FTIR
Stability was assessed b?laﬁﬁhdiDyﬁngstﬁ@baﬁQNﬁnnﬂn/Hn;Kﬁ%fQBfxmmeMTeog
the dried and den GOR-ELYST A R scri.bed in anpl e 9.
For conpariso%?&gygg%gb?g gIu%%s%%o%?égéeﬁ§éﬁﬁﬁi}&bsC qﬁ?éﬁ&%i%P%@
di ssol vi ng gIu%%@@rék%ﬂﬁséh@ryé@amsdiﬁNﬁofrmw ¢mfr@E@oEgEf&aﬁatﬁpF%6.o and
| aci ng about i | enj .cryst.al. o whi ¢ en
gnalyigd for %?gL?F§%€ %%lgg%éf €%5g§+§%¥eh%fP%SS$EEIgr@qﬁﬁﬁﬁftyidase at
50C a- R ExtErried tsaipleueel #xe Sheéd s krRoWor nncahle Rartdamd Sofaibl e GOD

R TRl SR LR T
purified DNA is extracted with Tris-EDTA buffer
saturated N-butanol and finally ethanol. Next, plasmid
DNA is subjected to either linearization of the
10 plasmid, for use in the generation of mRNA for RNA
crystallization (Example 36) or excision of the gene of

interest for DNA crystallization (Example 37).

Example 36

Producing mRNA for Crystallization

15 _ The SP64 plasmid in combination with SPG RNA
Polymerase (available from Promega Biological Research
Products) are used for the generation of milligram
quantities of 5' capped RNA transcripts. The plasmid
prepa;ed 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 NaOAc (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 HC1l (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



at 50C GOD- 30.34 29.10 8.28 23.13 9.15 10 Trehalose init. tine After 4 .
24.63 33.32 5.78 27.17 9.10 days at 50C GOD 33.82 25.88 8.82 20.41 11.07
15 -Lactitol init. time After 4 27.24 27.53 8.56 19.82 16.85 .days at 50C
" G0D -.HPCD :9.81 25.75 8.46 23.10 12.88 20 init.. tine After 4 17.15 15.75
6.12 31 67 29.31 days at 50C GOD - MOPEG 25.45 28.23 9.62 22.52 14.18
init.. time 25 After 4 15.87 30.91 8.91 28.68 15.63 days at 50C

GCDgeI atin 31.05 34.05 7.05 23.13 4.72 LAPt time After 4 23.49 26.2 8.58
16.24 25.49 30 days at 50C 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 3 5 1-days at 50C
CONCLUSI ON:  SSRTHE- T B e 03 Base ¢ ost™¥56pBFeRFE2Ri0Rél i cal cont ent

within only 67hed (S 'atofX%C.) G cap analog (New England Biolabs,
Beverly, Mass., 01951) to 0.5 mM concentration; the
linearized DNA template prepared above to 0.5 mg/ml
5 concentration; RNAs in (Promega, Madison, Wis.) to 2000
U/ml concentration; and SPé6 RNA polymerase (Promega,
Madison, Wis.) to 3000 U/ml concentration. The

transcription mixture is incubated for 1 hour at 37°C.

The DNA template is then digested by adding 2
10 U RQ1 DNAse (Promega) per microgram of DNA template
used. The digestion reaction is carried out for 15
minutes. The transcribed RNA is extracted twice with
chloroform/phenol and twice with chloroform. The
supernatant solution is precipitated with 0.3M NaOAc in
15 2 volumes of EtOH and the pellet is resuspended in 100
ml DEPC-treated deionized water per 500 ml '
transcription product. Finally, the supernatant
solution islﬁassed over an RNAse-free Sephadex G50
column (Boehringef Mannheim # 100 411). The resultant

20 mRNA is sufficiently pure to be used crystallization.

Example 37

DNA crystallization

Materials:
A - Purified plasmid DNA (Example 35)
25 B - spermine
C - MPD (2-Methyl-2,4-Pentanediol)
D - 5mM Ca Acetate buffer pH 7.0

E - Deionized water



The sugars-lactitol, sucrose and trehal ose 40. were the nost effective
excipients in preventing | oss: of a-helical content upon storage at an
el evated tenperature. ducose oxidase crystals fornulated in - 104

| actitol, sucrose and trehal ose and dried by nmethod 4 showed only an
18.1-19.4 loss of a-helical structural content after 4 days at 50 C
Exanpl e 32 5 Dryina of Candida rugosa | e crystals: Materials: A -
Candi da rugosa |ipase (Exanple 1) B - Poly{ethylene glycol), 1006 PEG
200, 300, 400, or 600 10 C - acetone Procedure: A4 m aliquot of

crystal suspension (140Pr - EF added to four 15 m tubes. Next, the
" suspension is centrifu et'ween 1000 to 3000 RPM for between 1 15 to

5 mnutes or until the st.al l,i.zat i uffer isr ved. Then, 4 m of

liquid pol yner (any PEG%%étﬁgé%l%gﬁﬁpg%abd %%?é;ﬁtealeﬁsiE?%Rﬁﬁﬁ to each

tube and the fcomtehespldeemiidxéy uristrilonwgerboisstilbdre. sugpension i s

centrifuged at_hetween 1000.to_300Q .RPM f or tween 20 1 tqQq 5 mnutes or

until the |iquld poryndr s *Pefve %e4m£§9mffaﬁ é%aﬁﬂ%§fﬁébkq%% %panol

but anol an8 otberossobeénts earte opho estiist albvlce)exty sadderh ter each dare and
Lons are transferred to 0.8

m xed well. The cr sgag/or %ni% sol vent__suspen t.
cm X 4 cn1B|c9§th%Sr§-6r£% 55 LEfr & t%ﬁfﬁgﬁﬁ igﬁhﬁ@Pﬁﬂﬁﬁﬁ?Qﬁﬂunns). The
colums are wmehecuiagedeayht000 RPMfor 1 to 5 minutes to renove
_ 'Using the hanging drop technique, DNA at 5
mg/ml in 5 mM Ca Acetate/20% MPD/1 mM spermine buffer
10 at_pH 7.0 is incubated at room temperature until 90% of
the DNA has crystallized. The resulting crystals are
washed with crystallization buffer to remove all the
soluble material from the crystals. Then, the crystals
are resuspehded in fresh crystallization buffer to

15 achieve '‘a DNA concentration of 5 mg/ml.

Example 38

RNA crystallization

Materials:
A - Purified mRNA (Example 36)
20 B - spermine
C - MPD (2-Methyl-2,4-Pentanediol)

D

SmM 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



the organic solvent. Finally, nitrogen gas is passed through the colum to
dry the crystals until a free flowng powler results. - 105 - Exanple 33
Puraf ect (protease) 4000L crystallization: Materials: A - crude purafect
4000L 5 B - 15 ¢ NaSO4 solution Procedure: One volune of crude purafect
enzynme solution is mxed with two vol unes of 15% Na2SO4 sol ution. The

m xture is stirred for 24 hr at roon1tegp§i§tgre or 10 until the
crystallization is conpleted. The crystal re washed with 15% Na2SO4
solution to elim nate the sol ubl e enzyme. The crystal s are suspended in

fresh 155. - L0 doy eId a_pra concen t|on 27 mg/ m .
15 Exanpl e 34 gyl na o ]{:%ra‘f %‘?aﬂsgiugﬁlﬁt BAaFE2A rOEUrtglfeec
crystals suspemsrsﬁa& PO er( ettlhe,llcewmﬁgda;{soh)re te8UsBEfded0 120G re¥l), 400,
or 600 C - ut i.on _ Procedure: uot of ta

suspensi on (1%gwnés)asﬂlzatdlaoed fﬁourtESaﬁPlFuﬁeéthng‘ceP%éyz:&é’ﬁer%q onis

25 centrifuged atgtmet ween 1000 to 3000 RPM for between 1 to 5 minutes or
until the crystallization buffer is renoved. Then, 4 m of |iquid polyner
(any PEG between

5 Example 39

Induction of an Immune Response to HIV apl20

Using DNA Crystals

DNA, coding for HIV gpl60, is prepared
according to the methods of Examples 36 and 37.

10 Crystals of HIV gplé0 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, Rockviile MD.20852,

15 for designing vaccines which induce broad neutralizing

immunity.

The DNA crystals are maintained in the
crystallization puffer and 200 ul/mouse is injected
into the rear hind leg. The development of an immune

20 response.td gpl20 is determined by measuring serum
antibodies to the corresponding V3 loop peptide in
ELISA on a monthly basis.

Examble 40

'Induction of an Immune Response to HIV gpl20
25 Using mRNA Crystals |

RNA coding HIV gplé60 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



106 -200 to 600 is suitable) is added to each tube and the contents are
m xed until honobgeneous. The suspension is centrifuged at between 1000 to
3000 RPM for between 1 to 5 minutes or until the liquid polyner is
removed. 5 Next, 4 m of acetone (isopropanol, butanol and other solvents
are also suitable) is added to each tube and m xed well. The
crystal/organic solvent suspensions are transferred to 0.8 cmX 4 cm

Bl O RAD pol y-prep chronatography col unms;gspin colums). The colums are
10 centrifuged at 1000 RPMfor 1 to 5 mnutes to renove the organic
solvent. Finally, nitrogen gas is passed through the colum to dry the

crystals untilyw f1881 e f09h NehPoMOes rRESHhEEh EXaMREE 32 t1PRAPduei ng DNA
for Crystallization Plasm ds derived from pUC plasm ds, such as pSP64, nay

be used to pr SR hehSBNAIGYS it 6PT9¥r §BEall PELaTIoNS I q9R%es)
exanmpl e, "pl asm RSP MEVAId R erdr oL B gARHE Bhekogiecal,Reseanfice
Products) 20 is used to generate DNA for crystallization. The cDNA coding
for the proteid¥Gid intferesti3ing ngBpeedtYnto any of a nunmber restriction
sites available in the nulthg%e cloning site. The reconbinant plasmd is
then used to transformB€ ddiA Pacterta. arextainargeednmsantdeof 25 plasmid
are obtai ned byt Oft 1die hacteF i andn2oanpi ghbhkl ¢antigipidigredi um
The techniques for producing the reconbinant plasmd, transformng E. col
cells and for & drfitalr ot hnE Pl ashire BRI PPERAFaPfoANalEmIEsTr i bed
IF n flet ﬁ' ! EI n "Mesdar: 3G aning, g 2ndrkohibopy £©4989) i sgnbroek, J..
ritsch, E -
antibodies to the corresponding V3 loop peptide in

10 ELISA on a monthly basis.

Example 41

Oligo DNA Crvstallization
Materials:
A - Synthetic 0Oligo DNA

15 L B - spermine

C MPD (2-Methyl-2, 4-Pentanediol)

D

5mM Ca Acetaté buffer pH 7.0
E - Deionized water
Procedure:

20 Using_the hanging drop technique, synthétic
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.



F. and T. Maniatis. 107 Plasm d DNA is subsequently purified fromthe
bacterial cultures by first lysing the cells and then separating the

pl asmid DNA fromthe genomic DNA, RNA and other cellular materials using
CsCl gradients. 5 These techniques are well known in the art and are

di scussed in detail in Sanbrook et al. The gradient purified DNAis
extracted with Tris-EDTA buffer saturated N-butanol and finally ethanol.
Next, plasmid DNAis subjected to either4jnearization of the 10 plasnld
for use in the generation of nRNA for RNA crystallization (Exanple 36) or
excision of the gene of interest for DNA crystallization (Exanple 37).
Exanpl e 36 Progiigbng ARNA for Crystallization 15 The SP64 plasmd in

crl

conbination wth SP6 RNA Pol ynerase (avail abl e from Pronega Bi ol ogi cal

Research Products) ar eAzl}l§§§1ef19é bRe ﬁ%@.ﬁf’its't%tcifonmﬁd*‘gr %ﬂﬁ%}%' ties of
5' capped RNA transcripts. g asm prepare anpl e or to
exci sion.-of the gene,. : L 1 h-a restriction enzyne downstream

of the poly A tail. Tr@lig@eamptawtgllss cRUhnG &d DA Rhgnaldehl orof orm
and 2 chl oroformextractlons DNA is next precipitated with” NaOAc (0.3M

and 2 vol uhed'THCh BRITH, CRBREemeRkape| fot the pessepsndaddhto famsr oMt el y 25

1 mg/m in DiEffedireatpdchsiilte n iegd t I r on is
carried out in a lbuffer corrposedbél ngg'r@@s%rél S\EII@:ICIej zner-g s g‘ mv Myd 2,
50 MM DIT af&da®Pifv Sher fiefhe. tiThecEYbsadGeRt ﬁeé@é’ﬁlﬂlslaatrl@n added in

order- to one Rty Ofg BERC-dF et @0 WAk ehdRinistered 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 Crvstallization of

Pseudomonas cepacia- Lipase

A slurry of 15 kg crude Pseudomonas cégacia
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 tb a concentration of
20 mM Ca (CH5;CO0),. 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. .



30 roomtenperature: 1 volunme SP6 RNA pol ynerase transcription buffer;
rATP, rCTP and rUTP to 1 mM 108 - concentration; rGIP to 0.5 nM
concentration;, 7meQ 5" )ppp(5 )G cap anal og (New Engl and Bi ol abs, Beverly,
Mass., 01951) to 0.5 mM concentration; the |I|inearized DNA tenplate
prepared above to 0.5 ng/m 5 concentration; RNAs in (Pronmega, Madison,
Ws.) to 2000 U m concentration; and SP6 RNA pol ynerase (Pronega,

Madi son, Ws.) to 3000 Um concentration.,,Fhe transcription mxture is

i ncubated for 1 hour at 37C. The DNA tenplate is then digested by adding 2
10 U RQL DNAse (Promega) per mcrogramof DNA tenplate wused. The digestion

reaction is c j Q Q L.Ru =l e transcnj be ?ﬁﬁ'se ract ed
twice with cﬁ#%égggr%p%e%%§§n a’?vm%??evc\in '?% (‘?hf%)(r)l'r'o?lvlorcrﬁq'1 e Ilastulp(%esﬁ’nat ant
solution. is pfetipredted @ltkhopo3MNA@AG % o e tunitumes. of Et OH and t he

pel | et I'S resufggﬂgggahgllgg %heﬁEEQa%Be%%e% qg%.q‘ﬂ%%ég§é¥éé¥gn5qp m
transcription product. Fina Isy, the supernatant —~sol ution 13 passed’over an
RNAse- f ree Sephadex T reshutmngBsehnicagar wiisnmhieiem #ok0® M biljnu the - '
resul tant 20 mRNA;j&- suff i gi V pHre tQ.b ed,erystallization..

Exanmpl e 37 %NA cr ygfca1 ﬁégﬁigﬁ&%ﬁt g%?ﬁl-gg e glz,ll‘(ilsflg\é rpf‘a‘g d"bna
(Exanpl e 35) pR&rBd.sperpshelCizavPbn(Rakkethgh- 214oRent anegiraldeed - 5niv
Ca Acetate buffer pH {.Q.cE - Deionized water

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;CQ00),, 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 crysﬁal_. |

yield was about 120 grams.

Crosslinked LPS Cfvstals

_ Crosslinked Pseudomonas cepacia lipase
crystals, sold under the name ChirQCLEC—PCm, are

20 available from Altus Biologics, 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 Crystals

We then crosslinked the glucose oxidase
crystals prepared in Example 21 as follows. The

crosslinking procedure involved glutaraldehyde, or



109 - Procedure: The anplified DNA (Exanple 35).is renoved fromthe
plasmd 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 hanging drop technique, DNA at 5 ng/m in 5 nM Ca Acetate/ 20% MPD/ 1 mM
sperm ne buffer 10 at pH 7.0 is incubated at roomtenperature until 90% of
the DNA has crystallized. The resulti ng_cwgtgl s are washed with
crystallization buffer to renove all the "soluble material fromthe
crystals. Then, the crystals are resuspended in fresh crystallization

buffer to 15 ! SN i 5.6 . =xanpl 8
crystallizati ?r?m%fae?? al s&%@mPﬂﬁéggﬁgﬁﬁNﬁg?éx%ngF?Sg@ﬁfg B <
spermne C - NPBRI@=3vel YT Qe Hent ahelli BEPramedibiil CayAdeeae buffer pH
7.0 E - Deionjizagh weteradg ocedure: 25 Using the hanging drop technique,
RNA (Exanple 36) at 5 ng/m in 5 nM Ca Acetate/ 20% MPD/1 nM sperm ne

buffer at pH 7.0 is incwb?é'%x@éslrmné'e«@grﬁé%smg&i Ls?9‘§° eh Ex{zf A has
crystallized. The resulting crystals are washed wth crystallization - 110
< protein. Tris pretreated glutaraldehyde (48 mg Tris-
base/g 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 variously crosslinked crystals. A representative -

sample is shown in Figure 21.

Example 45

Crosslinked Candida Rugosa Lipase Crvstals

Crosslinked Candida rugosa'lipasé crystals,

20 sold under the name ChiroCLEC-CR™, are available from
Altus Biologics, Inc. (Cambridge, Massachusetts) and
were used to produce formulations according ﬁo Example
48. - Alternatively, lipase crystals as prepared above,

may be crosslinked using any conventional method.

25 Example 46

Crosslinking of Human Serum Albumin Crvstals

Crosslinking was performed on the. human serum
albumin crystals prepared in Example 10. The | |

crosslinking reaction was performed at 4°C in a stirred



buffer to renmove all the soluble material fromthe crystals. Then the
crystals are resuspended in fresh crystallization buffer to achieve RNA
concentration of 5 ng/m . 5 Exanple 39 Induction of an I mMmune Response to
H V gpl120 Using DNA Crystals DNA, coding for H'V gpl60, is prepared
according to the nethods of Exanples 36 and 37. 10 Crystals of HV gpl60
are then used for immnization of mce. Many genetic clones of both
primary and |aboratory isolates of HV argjgvailable fromthe Aids .
Research and Reagent Program National Institutes of Allergy and _

I nfectious D seases, Rockville MD 20852, 15 for designing vacci nes which

i nduce broad nedsrnadica ngr dparity. i ThenDNAceR¥st ali guahe JRiddainge in the
crystallizatioQSnyfer and 200 | /npuse is injected into the rear hind |eg.
5%

The devel oprment> %t %%FWQﬁﬁﬁﬂa%WFQ%%$%n§%?f6t@p12@hPsCééﬁé@#ﬁné&ﬂg/nOt
measuring serumasHid hodigs ¢ éftes§piﬁ§§9§ngiag Mérh@@ppr%%@fe%ecé% VEL' SA

on a nonthly basi's. Exanpl e 40 Induction of an Immune ReSponse to gpl20
25 Usi ng mRNA Grhydediad FNiWdodi ng HI V gpl60 is prepared according to the
nmet hods of anpl es 35, -36 and 38. Crystals of H'V gpl60 nRNA are used for -
the i munization of ni cePREHULDrI hakgrakhdehydor vasr prepsiratedyof H V
are - 111  avaiddihg fonemihend dr Rasgeag chr ansh Rergapt (PEagnaRy, an

equal volume of 300 mM sodium borate at pH 9. The

glutaraldehyde solution was then incubatéd at 60°C for 1

hour. The solution was cooled to room temperature and
10 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
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
20 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

25 Crosslinking of Penicillin Acvlase

Pretreated glutaraldehyde was prepared by the
method of Example 46.

The pretreated glutaraldehyde (25%) was added
to the crystallization solution in a stepwise fashion,
30 using 0.05% increments (total concentration) at 15

‘minute intervals to a concentration of 1.5%. Aliquots



National Institutes of Allergy and Infectious D seases, Rockville.MD
20852, for designing vacci nes which induce broad neutralizing inmunity. 5
The-RNA crystals are maintained in the crystallization buffer and 200
| /mouse is injected into the rear hind | eg. The devel opnent of an inmune
response to gpl20 is determ ned by neasuring serum antibodies to the
corresponding V3 | oop peptide in 10 ELI SA on a nonthly basis. Exanple 41
Aigo DNA crystallization Materials ynthetic Aigo DNA 15 B -
spermi-ne C - MPD (2-Methyl -2, 4- Pentanedroﬂ? D - 5nM Ca Acetate buffer pH
7.0 .E - Deionized water Procedure ~ 20 Using the hanging drop technrque
synthetic oli e /

dﬁ)ﬂﬂ@ﬁfgyé%lﬁﬂiQaﬁ § g@ﬁ&gléﬁ h %@ %%%t bEtwquﬂhéof t he

sperm ne- buffer at I's 1 ncubated at room enpera ure unt

DNA has cryst &1 ianed S0fhanl resiimng ng EryeﬂéVs areswashéednictdystals
crystallizati Q@25 luffer-d0 4= h kl.g material, from t
crystals. Then, the cryste%slgfgﬂ¥es §%%%dg %prg O@rﬁgpalﬁr?ﬁf?on
buffer to achiféwead eoNN cvridernt ation 1@ GMn@tmE HC12 - wEsanplge w2

Antisense BNASAAELRIS LR o d W Bitd on. - 9L  Gene Expiegsi on

centrifuged at high speed without aggregation.

"Example 48

Microencapsulation of Protein Crystals in

Polvlactic-co-glvcolic acid (PLGA)

10 A. Glvcoproteins, Proteins, Enzvmes

Hormones, Antibodies and Peptides

Microencapsulation was performed using
uncrosslinked'crystals of lipase from Candida rugosa
and Pseudomonés cepacia, glucose oxidase from '

15 Aspergillus niger and Penicillin acylase from
Escherichia coli. Further, microencapsulation was
performed using crosslinked 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




~Aigo DNA crystals coding for

DNA sequences

the sense strand of an nRNA species which is to be suppressed are

generated as in Exanple 41. Next,
the crystals is.

i ntended to be inhibited.
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.. 10 Subsequently,
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concentrated acetic acld, as necesSary:

he

m xture 30 was heated to and nmaintained at a tenperature of 30C. 113

Magnesi um sul fate was added to a 0.2 M concentration,
was then added to a final

Preparation of Drv Crystals:

| sopr opanol
B.

to a 1% concentrati on.
of £

t

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

crosslinked),

(uncrosslinked and crosslinked)

15 from Examples 14 and 47

were air dried. First,

by centrifugation at 3000 rpm for 5 minutes.

(uncrosslinked and-
glucose oxidase from Examples 21 and 44
and Penicillin acylase
(uncrosslinked and crosslinked)

the mother ligquor was removed

Next, the

crystals were at 25°C in the fume hood for two days.

The polymer used to encapsulate the protein
PLGA was purchased as 50/50

from Bifmingham'Polymers,

Thie lot had an inherent

C. Polymer and Solvents
20
crystals was PLGA.
Poly{DL-lactide-co-glycolide)
Inc. from Lot No. D3S7188.
viscosity of 0.44 dl/g in HFIP@ 30°C.
25

The methylene chloride was spectroscopic

grade and was purchased from Aldrich Chemical Co.

Milwaukee, WI.

from Aldrich Chemlcal Co. Mllwaukee, WI.

D.

The poly vinyl ‘alcohol was purchased

Encapsulatlon of Crystals in PLGA:

e pH

fol | owed by gl ucopon
concentration



23-:. The resulting solution was m xed for 30 mnutes. 5 at 30C, then
cooled from30C to 12C over a 2 hour period. Crystallization was then
all.owed to proceed for 16 hours. The crystals were allowed to settle and
sol ubl e protein was renoved using a peristaltic punp 10 with tygon tubing
having a 10 ml pipette at its end. Fresh crystallization solution (23

i sopropyl alcohol, 0. 2 MMSX, 1% glucopon, 20 mM Ca (CH3COO) 2 , pH 5 .
5) was added to bring the concentration-ofi1grotein to 30 ng/M (QO.D. 280
of a1l nmg/m solution = 1.0, measured using a 15 spectrophotoneter at
wavel ength 280). The crystal yield was about 120 grams. Crosslinked LPS
Crystals Crosslinked Pseuwdenuas teapacierd i @asspselystal sn sobd wrdeyy the
name ChlroCLEC-P are %%é% allggle from Altus Biologics, Inc.

(Canbri dge, MaSs Jet (< G pro¥IcICHRT I BEPORES ¥EEoRdi ng to

Exanpl e 48. Al trennatisyeles tidrpase p&rq'cséﬂk ScBps P Bpac £da aboMe ryay the

crosslinked usin §¥h conventi onal q? 5 Exanpl e 44 Crosslinking of
d ucose Oxi das&T %Ff I YSKE i Sc he gt RD5E"BXi 8938t 10Fyst al s

_prepared in 5EXaJﬁiph1%t211yl@ef @hliews deThe Tiod assy 4 #HKi IGvPFOCeILE 84l Wy ehved
gl ut ar al dehyde, - 114 | ut ar al dehyde pretreated wth either Tris buffer
(2- ami no- 2- hy&P@x?ﬁ@ﬁWﬁr ng g@&&%ﬁuﬂ%ﬂ%)n?)@ﬁ?ﬁ?%ﬁhe%ﬁ%n1nH@EFané heThe

crosslinki ng was1paeioriiedrdsinig €01k 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 Qas

not meant to limit the invention.

1.0 Use of Drvy Protein Crystals

20 . Dry crystals of crosslinked and uncrosslinked
Candida rugosa lipaSe_prdduced according to Example 1,
crosslinked and uncrosslinked glucosé.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



5 protein. Tris pretreated gl utaral dehyde (48 ng Tris- -base/g

gl ut ar al dehyde) 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 roomtenperature. After two hours, 10 the
crystals were filtered and washed over glass fiber paper. The crosslinked
crystals were encapsul ated as described in Exanple 48. No differences were
encountered in the encapsul ati on process b gegn the 15 variously
crosslinked crystals. A representative sanpfe is shown in Figure 21.
Exanpl e 45 Crosslinked Candi da Ruaosa Lipase Crystals Crosslinked Candi da
rugosa | i pase S 0 | d under .t he_nane, Chi r oCLEC- CRTM are

avai | abl e fronﬁ%%%%%l|3ﬁé%ﬁ€§éyI?ﬁft??xﬁﬁﬁ?d%%%y%EESaCEH§§PF§) and were
used to produce/durenirat ions@ctordimgndy Exanpee t48keAbt @hratiaeient

| i pase crystals . ed ahove be crosslinked using any
cogventio%al nelﬁﬁﬁg&gga %mﬁﬁ%?%ﬁg%$§%%lﬁ%§?%g %?g?ﬁﬁaﬁogéaﬁﬁrAlﬂﬁﬁ n
Crystals Crosgdinkieng mgas beenfardwtedred hte demave sei imsealbum 3 .erystal s
prepared in Exanple 10. The <crosslinking reaction was perforned at 4Cin 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-pret edt edseglaft ar attetwide.cbyPeglr gatiedy

gl ut ar al dehyde was prepared by
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(lactié—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. In 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 methylené_chloride from the liquid
polymer coat and allow the polymer to harden onto the
protein crystals. ‘The difference between the steps 1is

30 that the concentration of emulsifier was much higher in



addi ng: one vol une of 50% gl ut ar al dehyde ("GA") to an equal volune of 300
nmV sodi um borate at pH 9. The gl utaral dehyde sol uti on was then incubated
at .60C for 1 hour. The solution was cooled. to roomtenperature and 10 the
pH was adjusted to 5.5 with concentrated HC. Next, the solution was
rapidly cooled on ice to 4C. The pretreated gl utaral dehyde (25% was added
to the crystallization solution in a stepw se fashion, using :.0.050
increnents (total concentration) at 15 15ipionute intervals to a .
concentration of 2% Aliquots of the crystallization solution used ranged
between 1 m and 500 m volune. The crystals were then brought to 5% GA

and incubated gte 4G F9f dohaUidnt Andl kW &Qssld NG Nehe FE Nadd Yso ALOUEH N
crosslinked crystals 20 were collected by | ow speed centrifugati on and

washed repeat &8I UG t FMHH 9T 5Ehepo tRf PECO™AG . Washing was st opped when
the crosslinked crystals_could bhe centrifuged at hi gh speed w t hout
aggregation. Exanple 471B5tREoddFShkERGPof tHENRIIYRGF A3ARSE CI¥Sidkat ed

gl ut ar al dehydesn@smdiieppsed by 1bhedemeuipenefli oexargy eadthq Hedreld eat ed
gl ut ar al dehgde (2599 was_added to.the crystallization solution in a

stepwi se fashidret190edsthS . 8594 PAcTénBAt £ 5 PRHAVidbHcekGqidlon) at 15

M nute intervalisetdi s SOMEENPYALH ONnOfated withAld GO thlf o the
crystallization solution used ranged between 1 m and 500 m vol une.

Final Iy, .crosst e erdstEPem hereeegthEet ed Thy I 6w Sifdad it mMipwasht i on
and washed repaated) yeod th pHhéte. 100 M Tris HGO . Washi ng was

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 L fiiter and
15 washed with 3 liters of distilled water containing 0.1%

Tween 20 to reduce agglomeration.

Example 49

Production of Encapsulated Crystals

Ehcapsulated 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 aliquot of
protein crystals is injected in methylene chloride

25 containing PLGA (0.6 g PLGA/ml solvent; 10 ml). The
mixXture is homogenized for 30 sec at 3,000 rpm, using a
homogenizer with a microfine tip. The resulting
suspension is transferred to a stirréd 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



5 stopped when the crosslinked crystals could be centrifuged at high speed
W t hout aggregation. Exanple 48 M croencapsul ation of Protein Crystals in
Pol yl acti c--co-glycolic acid (ALGA) 10 A dycoproteins, Proteins, Enzynes
Hor-nones, . Anti bodi es and Peptides : M croencapsul ati on was perfornmed using
uncrossli-nked crystals of lipase from Candi da rugosa and Pseudononas

cepaci a, glucose oxidase from 15 Aspergillus niger and Penicillin acyl ase
from Escherichia coli. Further, m croenca%slul_ati on was perforned using
crosslinked enzyne crystals of |ipase fr drmicandi da rugosa, glucose oxi dase

from Aspergillus niger and Penicillin acylase from Escherichia coll. 20
Tabl e 13 shows the approxi nate ave age d'gameters of gan%.e%&%fl t%e '

ni cr ospher es vt &t ealb?o]aﬁ%‘éﬂpbga fif's ©Ye#dM5I"E 1 9 au &S o, Human serum
al bumi n or any,pider wRERt@ Aneryslaksear. prmoleein cxiospinalr efsorand athem

produced may be encapsul ated b hi,s techni que. . 25 Tabl e 13. M crospheres
Pr oduced Croé'éé}ff}?ﬁéd”ﬁ%s‘g’r?ﬁiéijeﬂﬂ ¥R5Ephé& é’staérrﬂ}é]tgafbs 1G yEAY %% anet er

um Di amet er i n-efaruli gggreigesatcl bpased90riea wikth n@ruerse @drdasedidPs50
Penicillin acylase 90 70 Lipase from Pseudononas 60 cepacia (slurry) S B.
Preparati o’ of2r4y &ystal s:

Example 50

A. Protein Content of Microspheres

The total protein content of the microspheres

‘prepared in Example 48 was measured. Triplicate

10 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

15 commercially available kit from BiqRad Laboratories
(Hercules, CA). The protein contaihing microspheres
were compared to PLGA.microspheres without any crystals

and is shown in Table 14.

Table 14. Protein Content of Microspheres

Protein (%) |Protein (%)
20 |Microspheres Crosslinked | Uncrosslinked
Crystals Crystals
Unloaded PLGA 0
Microspheres '
Candida rugosa lipase . 30 20
1 Glucose oxidase 35 28
25 Penicillin:acylase 27 25
Lipase from Pseudomonas | 39
cepacia (slurry)




Crystals or crystal fornmulations dried according to Exanple 6 may each be
used to produce the mcrospheres of this invention. One process for drying
protein crystals for use in this invention involves air 10 drying.

Approxi mately 500 ng each of Candida rugosa |ipase crystals from Exanple 1
(uncrosslinked and crosslinked), glucose oxidase from Exanples 21 and 44
(uncrosslinked and crosslinked) and Penicillin acylase 15 from Exanpl es .14
and 47 (uncrosslinked and crosslinked) mgrg air dried. First, the nother
l'iquor was renoved by centrifugation at 8 O rpmfor 5 mnutes. Next, the
crystals were at 25C in the fune hood for two days. C. Polyner and Sol vents
20 The polynmer used to encapsul ate the protein crystals was PLGA. PLGA was
pur chased as 50/50 Poly-(DL-Ilactide-co-glycolide) from Birm ngham

Pol ymers, Inc. from Lot 8 8 .S, l:Qt . a r vi scosity of
0.44 dl /g in HFI P@ 30C. E@QT%£Q%%?h¥|é%E C ?é%gggnhgglg gg??%scoplc gr ade
and was purchaﬁeﬂivitwn¢¢dséthcth@n$eableb from Wabkee,l WWasThe poly vi nyl
al cohol was pu r <M | waukee, W. D.

Encapsul ation © &§ yg?%%SQE%ALgca&gi%ggg}%gkéggétaIs were encapsul ated in
PLGA using a double enulsion nmethod. The general process was as follows,
either dry protein crystals or a slurry of protein crystals was first
added to a polynmer solution 5 in nmethylene chloride. The crystals were
coated with the polyner and becanme nascent m crospheres. Next, the

Table 15. Specific Activity

Activity/mg Activity/mg
5 |Microspheres Crosslinked | Uncrossliinked
| Crystals Crystals
Unloaded PLGA : 0 | 0
Microspheres
Candida rugosa lipase .' : 413
| Penicillin acylase 9.63
10 | Lipase from Pseudomonas 1414
' cepacia (slurry)

Example 51
Protein Release from Microspheres

The release of protein from the PLGA

15 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 pl of release buffer (phosphate
buffered saline with 0.02% Tween 20 at pH 7.4) was

20 added to the microspheres on the fetentate side of the
filter. The tubes were incubated at 37°C to allow
dissolution. To measure the amount of protein released
with time, samples were taken at different time |
intervals. - The tube wasHCentrifuged at 3000 rpm for 1

‘25 minute and the filtrate was removed for protein



pol ynmer in organic solvent solution was transferred to a nuch |arger

vol une of an aqueous solution containing .a surface active agent. As a
result, the organic 10 sol vent began to evaporate and the pol yner

hardened.. 1In this exanple, two successive aqueous sol utions of

decreasi ng concentrations of enulsifier were enployed for hardening of the
pol ymer coat to-form m crospheres. The follow ng procedure. was one
exenplification of this 15 .gener al processl2§hose of skill in the art of

pol ymer science will appreciate that many- vari-ations of the procedure nmay
be enpl oyed and the followi ng exanple was not neant to linmt the- :

invention. 1. OaQQqVqEVDghdmggégf15}d@gfﬂs%@gg@}§h@ﬁy§tal§hgf crosslinked
and uncrosslinked Candida rugosa |ipase produced according to Exanple 1,

crosslinked anBigFesedsiiatkeif Udode B $RV RO anetbedi Agltel
Exanpl es 21 an§f4§el%%g%skhﬂﬁ§g?and uncrosslinked penicillin acyl ase
produced according to 25 Exanple 14 and 47, were weighed into 150 ny

sanpl es.  The wei ghed prat ei n st 3% Wef e ﬁéﬁh@&@eﬁr&w@f&wggh@}g
m pol ypropyl ene centrifuge tuabe I sher crentl cont al ni NQg f
met hyl ene chl oride with TBLGA atg Qs RLGEY MH1as0 v edids Jf'et}?%yﬁtlﬁu@ wer e

added 30 directly to the surface of the solvent. Next, the tu
throughl y ni xeBTBYev8r PaRi AgIvier2hilfutals! #tasefom Ferad b 1oR tiohe

conpl etely di spersentRgePHat &idt L YA ®omddhd Rl vent; widd Pérf‘é%séf@e

crystals were allowed to 119 becone conpletely coated wth pol yner
Further vortekFRE &P eaBilCaCeaHTamny st afs & At e &y ¥ Hea haseant

m crospheres sugpgRdedito QW rfrurdiers faahi ittt AE 5. 7 days or until
10 more than 80% of.the input protein had been released at.
a rate of 15.8%/day. This long rapid release.was
followed by eight days with a only 0.6% release per
.day. '

In contrast,‘Table 16 further shows that

15 Candida rugosa lipase crystals displayed the opposite
profile, displaying first a slow release which'was |
followed by a rapid release phase. In the first three
days, about 10% of the protein was released with a
shallow slope of 2.4%/day. From day 4 to day 14,

20 another 80% of the protein was released in a linear
fashion and a slope of 7.5%/day. The release profiles
shown in Table 16 were obtained at 37°C and at pH 7.4.

These data illustrate that the encapsulated
proteins of this invention are suitable for biological
25 delivery of therapeutic proteins. Various rates of
delivery can be selected by manipulating the choice of
protein-crystal, size of the crystals, crosslinking of
the crystals, the hydrophobic and hydrophilic
- characteristics of the encapsulating polyﬁer, the
30 number of encapsulations, dose of microspheres and

other easily controllable variables.



pol ymer may be hardened as described in section 3.0. 5 2.0 Use of a Protein
Crustal Slurry A crystal slurry of Pseudononas cepacia |ipase was
_produced using approxi mately 50 ng of crystals per 200 | of nother Iiquor.
The crystal slurry was rapidly injected into a 15 m pol ypropyl ene 10
centrifuge tube (Fisher Scientific) wwth 2 nl of a solution of nethylene
chloride and poly(lactic-co- glycolic acid) at 0.6 g PLGA/m solvent. The
needl e was inserted below the surface of ?g solvent and injected into
the solution. In this case, 150 ng of 15 total protein, or 600 | of aqueous
solution, was injected. The injection was made using a plastic syringe

" Leur-1ok (Becton-Dickinson & Conpany) and through a 22 gauge

(Becton-Di cki nson & Conpany) stainless steel needle. Next, the protein
crystal -PLGA 20 slurry was m xed thoroughly by vortexing for 2 mnutes at
roomtenperature. The crystals were allowed to be conpletely coated with
pol ymer. Further vortexing or agitation was optionally used to keep the
nascent m crospheres suspended to allow further coating. 25 3.0 Hardening
the Pol yner Coating A two step process was enployed to facilitate the
renoval of nethylene, chloride fromthe liquid polynmer coat and allow the

pol ymer to harden ontQuihe | Protgin Srydal Jhe.di i eLepcenbetween the
steps is 30 that the concentfatF6ﬁ'UT“EWﬁ%f%?%ﬁr“mﬁg_ﬁntﬁ—%ﬁgﬁﬁr‘in 120

the first sol ufromand—thervotume—of—the—first—sotuttonr—+rs—rmuch—stattey
than the second.THRet Rerfi st Ismay, Adruduitgmef [coat 2dlrpyst §endida
| : cepacia Lipase rugosa lipase
Released _ ' Released
0 _ ' 0 . 0
18 28 2
5. 41 - 56 | 5
89 75 10
137 82 22
210 ' 84 34
234 85 ‘ 47
10 306 ’ 86 70
330 87 86
B. Protein Activity Released From

Microspheres

The biological activity of the protein
15 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
20 microspheres protect and release active protein. The
~cumulative percent activity released, calculated based

on the amount of input protein, was closely correlated



and net hyl ene chl ori de suspensi on was added dropwise to 5 a stirred flask
of 180 m of 6% pol yvinyl al cohol (hereinafter "PVA") in water with 0.5%%
nmet hyl ene chloride at roomtenperature. This solution was mxed rapidly
for 1 mnute. In step two, the first PVA solution 10 containing the nascent
m crospheres was rapidly poured into 2.4 liters of cold (4C) -distilled
water. This final bath was m xed gently at 4C for 1 hr wwth the surface
of the solution under nitrogen. After 1 Rhpg -the m crospheres were.filtered
using 0.22 /gymfilter and 15 washed with 3 liters of distilled water
containing 0.1%  Tween 20 to reduce aggl onerati on. Exanple 49 Production of

Encapsul ated I yst8he tEngapsHbeéed Aboeaspheresnpfafsaudomnes ag§ cepaci a
| i pase are prepared %é phase separation technlgues The crystal line LPS

prepared in Ex&pfe i SRentYPsBF At BdCPN FOMYILAdt ildREGSS i§@sati d

("PLGA") US'@Qs@nQQMDl§ e0v4 shepi vBt Bed+eAnl00 pRA nald rauat Ofga pEotein
crystals is injected in nmethylene chloride 25 containing PLGA (0.6 g
PLGA/ nl sol velt™ea9i¢R)at THE CmitdirRr PsehBnbldhi Yad £6 e@@e§ed—‘rzﬁm3 000

rpm usingsa thOmmoerdZshe bt hyas nEGL 0fi pettiiye. The resulting suspension
is transferred to a stirred tank (900 m) containing 6% poly (vinyl

al cohol ) ("PVA") andrﬁggn@tpylean@@i@itgeof4R51gggedT@§o§gh%t|on is m xed
at 1,000 rpmfor 1 mn. The n crospheres in the solution are

el hEadad ol Sl P AN 4 RS-0 IR s s
cepacia 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 oil 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 Olymbus BX60 microscope equipped with DXC-970MD 3CCD
Color Video Camera with Camera Adapter (CMA D2) with



washed with distilled water containing 0.1 Tween, to reduce aggloneration
and dried with nitrogen for 2 days 5-at 4 C Exanple 50 A Protein Content
of ;M crospheres The total protein content of the m crospheres prepared in
Exanpl e 48 was neasured. Triplicate 10 sanples of 25 ng of the PLGA PVA

m crospheres were incubated in 1 N sodium hydroxide with m xing for 48
hrs. The protein content was then estimated using Bradford's nethod (MM
Bradford, Analytical Biochenistry, vol._72ycpage 248-254 (1976)) and a 15
comrercially available kit from Bi oRad Laboratories (Hercules, CA). The
protein containing mcrospheres were conpared to PLGA m crospheres w t hout

any crystals andqes rs@ms Rokabla 4. Jahbec140rPLoLe| f
M cr ospher es Progein (.WasPré}ein (o) 20 kF%%ogghg?gshgfgggFﬁﬁkgg
Uncrossl i nked BEySt §PYSEEFsaAltd U G dCPYEAs DiM crosphedesndCandi da

rugosa |ipase 3Qa20ned usose q>d)@%%%r%f§§a@§oﬁ?”{f_ﬁ%hgi Qna.@iéfﬂgﬁ527 25

Li pase from Pseudononas 39 cepaci a (slurry% 122 activit er mlligram
or specific aPLFYPEFORE Yeltdcttdd Camres YPbM Thbl ebigachage denermi ned and

is shown insTabbR/4530 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 um 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 microsphefes were

approximately 70 um. The magnification was 250X.

Figufe 20 depicts uncroéslinked enzyme
crystals of Penicillin acylase from Escherichia coli.
encapsulated by the method of Example 48. The érystal

30 size was apprbximately 50 um aﬁd the microspheres were

approximately 90- um. The magnification was 250X.



Tabl e 15. Specific Activity Activity/ng Activity/my 5 M crospheres
Crosslinked Uncrosslinked Crystals Crystals Unloaded PLGA 0 O

M crospheres Candi da rugosa |ipase 413 Penicillin acylase 9.63 10 Lipase
from Pseudononas 1414 cepacia (slurry) Exanple 51 Protein Rel ease from

M crospheres The release of protein fromthe PLGA 15 m crospheres prepared
in Exanple 48 was neasured by placing 50 ng of protein encapsul ated PLGA
m crospheres in mcrocentrifuge filtratiagnp+#ubes containing 0.22 M.
filters. Next, 600 | of release buffer (phosphate buffered saline with
0.02% Tween 20 at pH 7.4) was 20 added to the m crospheres on the retentate

side of the filter. Thertghes wer @epicubated sl Hked Céﬂ}ln@é/\/cﬂj@@é)iyt'i on.
To measure the anmount of protein released with tine, sanples were taken at
di f ferent t|neOfl%%%FQ%PsOXTﬁésﬁu5éOWaéﬁ&ﬁﬁﬁ%#%RﬁxP%ﬁe§xﬁﬁﬁ@Rﬁﬁ#%ﬁeq.25

mnute and the,§itheaherwsa remeuadpl@r 48rot eiHe 123, sact ivily dotal
protein neasurenents The m crospheres were then resuspended w th anot her

600 | of ' rel eB5@mblf PeFC A “ToRAH PPGt EE TREPEESARF PO M crospheres 5

Table 16 Sh9mﬁa§ﬁ§$x§ﬁﬂ95§y9@%69ﬁ th@hkn&ﬁbnlﬁwgéﬂfbﬁwﬁégQ@ﬂ%@red in al
cases. In addition,

_ 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.



per cent age of total Pseudononas cepacia |ipase released fromthe
m cr oencapsul at-ed protein crystals was relatively constant for
approximately 5.7 days or until 10 nore than 80% of the input protein had
been released at a rate of 15.8% day. This long rapid rel ease was
foll owed by eight days with a only 0.6%rel ease per .day. In contrast,
Tabl e 16 further shows that 15 Candi da rugosa |ipase crystals displayed
the opposite profile, displaying first a sbew-rel ease which was followed
by a rapid rel ease phase. In the first three days, about 10% of the
protein was released with a shallow slope of 2.4% day. Fromday 4 to day
14, 20 anot her SB0fblofs tdee prakei noves teheasedcentailfiugaai onf a3, u@nd a
sl ope of 7.5% day. The rel ease_profi.les sﬂomm li Tabl e 16 were optai ned at
37C and at pH 7FA Thddd it tr}%f usthete that fhétEAEEpLEI AERRVES N ns of
this invention taree nsiitcdpiec fey Dol 0gscabenddddelitvesyoof,1t Rer aprutic
proteins. Variaoqus rates égfdeli%ﬁ%¥ can, be sel.ected by manipul ating the
choi ce of prot& T YRHE LS ze 8 4RI tFYsPal §Recr8d8PRRRI RGOSR 1T e
crystals, the hydrophohe sET-HBGY ophi | égz yehaiacheeisikos of the
encapsul ati ng pol ynmer, the. 30 nunmber of encapsul ations, dose of
ni crospheres and other emsd |shayentamd |abte yarinbl gsotd2d4 cFabka116.
Protei n Rel ease Fr%plecros qifes.Tigthgr) 0 Iq&gt Pseudononas | nput
Candi da cepacf&dILiFase &L 15D § Rk Re| dasealetpop or

other properties of the protein crystal formulations of

this invention.

10 Example 54

Encapsulation of Lipase Crystals Using a

Biological Polvymer

Biological polymers are also useful for
encapsulating protein crystals. The present example
15 demonstrates encapsulation of crosslinked énd
uncrosslinked crystals of Candida rugosa lipase
crystals. The uncrosslinked and crosslinked crystals
were prepared as described in Example 1 and 45.

Antibodies and chemicals were purchased from Sigma.

20 1.0 Preparation of coated crvstals

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 incubéted in the BSA for
30 min with slow mixing using an orbital shaker.

30 Following the incubation with BSA, the crystals were



18 28 2 5 41 56 5 89 75 10 137 82 22 210 84 34 234 85 47 10 306 86 70
330 87 86 B. Protein Activity Rel eased From M crospheres The bi ol ogi cal
activity of the protein 15 released with tine was nmeasured using the olive
| i pase m crospheres. These results are shown in Table 17.
activity of the released protein, as shown in Table 1.7,

oil assay for
The bi ol ogi cal

denonstrates that the
The cunul ative percent activity rel eased, g¢abcul ated based

of input protein, was closely correlated 125 wth the total protein
rel eased (conpare Table 16 and Table 17). The two different

crystal . i pasesgrpd ®asedrneasedy alddudR0% agthveon! ot ehe. JEvely after 7

days of immersion at 37C, the protein that was released fromb5 the
mi crospheres weE ¥HaYS HqT eI ATS 2ot PYIE§T ot RBPBAS 8d PRFGtei n
(hr) % Input Pseidonppas: IR rLandinids $epacharke Paght RITASA plriRasE,
Activity Rel eased Activity Released 0 0 0O 18 28 2

5 .

10

15

20

25

30

could be detected in the wash as measured by absorbance
at280nm or until the Aygp.. was < 0.01. The crystals

were recovered by low speed centrifugation.

2.0 Detection of the Albumin Coat

20 m crospheres protect and rel ease active protein.
on the amount

Ti me

The coated crystals were evaluated by Western

blotting to confirm the presence of the albumin layer
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.
"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
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
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
albumin coated crystal microspheres under a fluorscent
microscope revealed specific fluorescene-labeling of

the microspheres. Uncoated lipase crystals were used



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 measurenents set forth above were nmade using the olive oi
assay described in Exanple 8. 20 Exanple 52 M croscopi ¢ Exam nation of
PLGA M crospheres In order to visualize whether the crystals were intact
after encapsul ation, PLGA m crospheres prepared according to Exanple 48
wer e exam ned under an 25 A ynpus BX60 m croscope equi pped with DXC 970MD
3CCD Col or Video Canmera with Canera Adaptigo (CVMA D2) with - 126 | nmage
ProPl us software. Sanples of dry mi crospheres were covered with a gl ass
coverslip, nmounted and exam ned under 10X magnification, using an O ynpus
i croscope Wi tés anoitt yobusndPLARSE| sabjvect inve stoers 5 d 04 430 Pb {phase
contrast), the SEYss |s were readily visualized and the crystal size
det er m ned.. I\ﬁlcrosp re and crystal sizes were determned using Inmage Pro
Software from d ynmpus and 0, 5-150, in sizin beads provided by the
manuf acturer. The size g’%”_t:h% 19 Bﬁf’grhﬁféinﬁle%f%?pﬁ(ﬁféérh%ﬁsd detBitRed, as
wel | as for tde erysimentsigiirenid depeatsonr 033l iinkethenzame wimst al s
of lipase fgomandida rugosa enca gglgggdbgyaaggred to provide other

embodiments which utilize 'the processes and

compcsitions of this invention. Therefore, it will be

appreciated that the scope of this invention is to be

defined by the claims appended hereto rather than by

10 the specific embodiments which have been presented

hereinbefore by way of example.



met hod of Exanple 48. The crystal size was 15 approximately 25 mand the

m crospheres were approxinmately 90 gm The magnification was 250X. Figure
18 depicts uncrosslinked enzyne crystals of |ipasé from Candi da rugosa
encapsul ated by the method of Exanple 48. The crystal size was 20 '
approximately 25 pm and the m crospheres were approximately 120 um The
magni fication was 250X. Figure 19 depigi;s crosslinked enzyme crystals of
Penicillin acylase from Escherichia coif encapsul ated by the nethod of
Exanpl e 48. The crystal 25 size was approximately 25 m and the m crospheres
were apprexhipgtely 70 m The magnification was 250X. Figure 20 depicts

uncrossl i nked enzynme crystals of Penicillin acylase from Escherichia coif.
encapsul ated by the get ho%efof Erag |l e 48. .The crystal 30 size was

approxi mately 50 in and theofin¢ 'E’Btﬁ?r“%%“ﬂ%g-e approxi mately 90- um The
magni fication was 250X. - 127 Figure 21 depicts crosslinked enzyne

crystals of glucose oxi dase Hatohpregassedidrateimiciystalewbepainisaidgprotdin t he
nmet hod of Exanple 48. The crystal size ranged from0.5 to 1 umand the

nm cr ospher @seyléét@dffrcﬁﬁl@lﬁ@}g}cﬂ?d ebivsiStthg!6t: hjbRIa8eR)ilibhsad | sttt ppdtdhs
Fi gure 22 depicts uncrosslinked enzyne crystals of glucose oxidase from

Aspergil | ugnﬁim%’ §F§%ﬂ%rm§%' th he nmet hod of Exanple 48. The crystal
: 0

si ze range rom 1 um-and e mcrospheres were 10 approxi mately 50
um The magnification was 500X. Fi qgre 23 depi cts uncrosslinked enzyne
crystals of |ipase from PHe@RGHEHIN: WhgEeiR said excipient and said protein

crystal are in a ratio between 0.01 :99.99 and 30:70 (WW);

| wherein said formulation has at least a 59 fold greater shelf life
10 when stored at 40 °C and 75% humidity'than.a nbnformﬁlated 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,,,).

2. A formulation comprising:

15 ' a) a batch-processed protein crystal, wherein said protein is
selected from the group consisting of: hydrolases, lipases, bacterial proteins
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 ieast a 60% greater shelf life

when stored at 50 °C than a nonformuiated form of said protein crystal when



encapsul ated as a slurry in the nother liquor by the method of Exanple 48.
The crystal size was 15 approximately 2.5 um and the m crospheres were
approxi mately 60 um The magnification was 500X. Figure 24 depicts
uncrosslinked enzyne crystals of |ipase from Pseudononas cepacia. The
crystal size was approximately 2.5 upy,The 20 magnification was 1000X.
Exanpl e 53 Protein Rel ease The rel ease of proteins fromthe PLGA

m cr ospherstsredsatra3Ur asl muaspredt by thé fimereolirBt &y thé&faécﬁrcmhﬁy @$ tHen
m cro-centrifuge filtration tubes containing 0.22 umfilters. A 600 |

al i quot of, otth 63 88cradEay 39 HEPES, pH 7.4, 100 nM NaCl, 0.02 Tween,
0. 02% azi dper)o 'S agdg?éto guspen(T’\’/lf)he m crospheres on the retentate side of

the filter. The 30 tubes are sealed with 3 cc vial stoppers and covered by
parafil m The m crospheres are then incubated at 37C. 128 Sanples are
taken over tinme by centrifugation (13,000 rpm 1 mn) of the tubes. The
filtrate is removed &nd Affermilatiospoepeising:e resuspended with 60.0 | of
the release buffer. The quality of the released protein is 5 assayed by

SEC- HPISC and enzymata)a agtdhvbrb)tesérét.eppdi@mecr?@m,sﬁﬂ@emfséidi'@r&ém gin crystals
may be chosen to adjust the rate of dissolution or other properties of the

protein Cré’eﬁécﬁég ffﬂ%@b@{bigﬁssistbg: (?]fg hg&%méée%?1ip§9es%%gpelr%l %ﬂoteins

Encapsul at1on of LI pasé

~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);
10 wherein said fdrmulation 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 structurai 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).



Bi ol ogi cal Pol ymer Biol ogical polyners are also useful for encapsulating
protein crystals. The present exanple 15 denonstrates encapsul ation of
crosslinked and uncrosslinked crystals of Candida rugosa |ipase crystals.
The uncrosslinked and crosslinked crystals were prepared as described in
Exanpl e 1 and 45. Anti bodies and chepggal s were purchased from Sigma. 20
1.0 Preparation of coated crystals A solution of 1.5 m. of bovine serum
al bumin ("BSA"p. at Therfgimiilatiors apcendiigth accorbingNorimgsgiat e buf fer
adjusted to pH 7. Next, 15 m of a 10 ng/m , suspension of Candi da rugosa

| i pase cry S (Agp@@%- idn i fer, 1 MNad, at
pH 7 ("buﬁgrbﬁﬁ\aT%?B%gA SO ﬁ%dgﬁ‘nh a@gﬁ(&%ﬁd@%%ﬁﬁé@é E‘?%/gsé:'al sol ution and
the two solutions were m xed thoroughly. The crystals were incubated in
the BSA for 30 min with sl ow m xing using an orbital shaker. 30 Foll ow ng
the incubation with BSA the crystals were 129 dryed overni ght by vacuum
filtration. The’dryedhedefaylatien aecerdingtespendad of sldimefler wi t hout al bumi n.
The crystals were washed with buffer until no protein could be detected in
the wash ag oreasHerdinai@hpasdresehoRdS9bEpSia phsd. the A280.... was <
0.01. The crystals were recovered by | ow speed centrifugation. 2.0
Detection of the Al bum n Coat The coated crystals were. eval uated by
Western blotting to confirmthe presence of the al bumin layer 10

Fol | owi ng washi ng, c ﬁt ed rRrot,ei n crystals were incubated in 100 nM NaCOH
overni ght to di8sol vg- efigrmulation accordlng to according to any one of claims 1, 2

or 3, wherein said hydrolase is penicillin acylase.

10 9. A formulation comprising:
-a) a batch-processed protein crystal, wherein said protein is an
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);
15 . wheréin said formulation has at least a 59 fold greater shelf life
when stored at 40 °C and 75% humidity -thén 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 thé 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



m crospheres into'the constituent proteins. The sanples were neutralized,
filtered and anal yzed by SDS-PAGE i mmunobl ot according to Sanbrook et al.
15 Mol ecul ar Coning: A Laboratory Manual ", Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (1989). The results of SDS-PAGE

i mmunobl ot of both album n coated crosslinked and uncr.osslinked crystal 20
m cr ospheres of Candi da rugosa |i paselr"éveal ed a single inmmunoreactive

speci es having the sayanmdcitehtawhepéiaitaid ascipidht Bha.saRPPRIES-crdtal H
al bumi n coated crosslinked and uncrosslinked crystal mcrospheres of

Candida ru | ﬁéﬁe & t | a fluorescene-| abel ed

anti - BSA aﬁf?ﬁ)'gﬁ?glsew I cR@p&PP%@G}PMIQ{% ze and bind to bovine serum
al bum n. Next, excess anti bodg vva% rempoved t horough washing with phosphate
buffer. M croscopi c RN frnytlationbas gt legsta &% wyeatapshelfiiifeo al buni n
coated crystal mcrospheres under a fluorscent mcroscope. reveal ed

speci fi c f Wi@nestoeteal 3beCithan afnorformulatadofopinesfesaid protemtedstal whes
crystals were used 130 as control and these showed no specific binding of

the anii betred Whishe OVishAdSsireusy PRl HhE r%ﬁ?%i%?%%sﬂé’&ﬁﬁ%gi@{y of the

enbodi ments of this invention, it is appar our

constructi e ered b rovi de ot her enbodi ments which utilize

"t he proceg)g@gﬁ]:ﬁd&%g%%éygpoﬁﬁ@ “this invention. Therefore, it will be
appreciated that the scope of this invention is to be defined by the

cl ai rs appended hereto rather than by

11. A formulation comprising:
a)a batch-proce.ssed protein cr'ystal, 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. Thé 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,



10 the specific enbodi nents which have been presented hereinbefore by way
of exanple. 131 Cdains 1. A fornulation conprising: a) a batch-processed
protein crystal, wherein said protein 5 is selected fromthe group
consisting of: hydrol ases, |ipases, bacterial proteins and hunman growth
hor nrone; and b) an excipient, wherein said excipient and said protein
crystal are in a ratio between 0.01: 99.399 and 30: 70 (WW; wherein said

f ormul at i owhessinahid edist ofesahid ekoibigng tee shidrproteth ierydtalds btbvadien. ot ar@d at 40
C and 75% hum dity than. a nonfornulated formof said protein crystal when
stored at 40-dg (;W)QNZS% hum dity, as measured by the time required for the
specific activity of the protein to decrease by 50% (T12). 2. A formulation
conprising: 15 a) a batch-processed protein crystal, wherein said protein
is selected fromthe group consisting of: hydrol ases, |ipases, bacterial
proteins and human growth hornone; and b) an excipient, wherein said

exci pi ent and sd#d p%beéomulaﬁemabcandmg tonaecardingaomtyersn 0. 01: 99. 99 and
30: 70 (WW; 20 wherein said fornulation has at |east a 60% greater shelf
life whenostlairas 9at0%) 16, Whafein saRNbRItEYE @n2dmeos Pivdostadiddyeot ei n crystal
when -132 stored at 50 C, as neasured by the tine required for the
specific activity of the ..protein to decrease by 50% (T12). 3. A

formul ation conprising: 5 a) a batch-processed protein crystal, wherein
said protein is__selected fromthe group consisting of: hydrol ases,

|i pases, bacterildl pEPl‘OfPHF‘H?t'OHrRﬂ’”I‘RIFﬁH?ggr owt h hornone; and b) an exci pient,
wherein said excipient and said protein crystal are in a ratio between
0.01:99. 99 and 30: 70af #hbatch-processed protein crystal, wherein said protein is

human serum albumin; and
10 | 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

15 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
20 b) an excipient, wherein said excipient and said protein crystal are

in a ratio between 0.01:99.99 and 30:70 (W/W);



10 wherein said fornul ation | oses | ess than 20% a-helical structural
content of the protein after storage for 4 days at 50 C, wherein a soluble
form of 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 4. The;§ gr mul ati on according to any one of
clainms 1, 2 or 3, wherein said ratlo Oof said excipient to said protein
crystal i's between @hered® sfidfodmLRitidn Ay &Y leabt a THe, fraratert stidlblifeaccor di ng
to claim4, 20 wherein said ratio of said excipient to said protein crystal

is bet weenyhoRRtsae atEd ‘Qﬁ)tﬁéN é(\}uonﬁ&%uléted%ﬁnfo? ﬁ@'t@ﬂ W&Q(ﬂh%gndl da

accor di ng to any one of clainms 1, 3, wherein sal I pase 1S

rugosa lip The formul ati ording. one of clains 1,

or 3, whergtl%ﬁé%a 0 ¢p3§@??%§%§¥5ﬁ%§'5'%85'€’85 dﬁfﬁ’ﬁa%%ec'%c aghtyrf the) atl on
according to according to any one of clains 1, 2 or 3, wherein said

hydr ol ase P®teipdnaidecrease Q{\C?(\;%sng 10 9. A formul ation conprising: a) a

bat ch- processed protein crystal, wherein said protein is an oxidase
enzyne;5 and b) an exci pi ent, 'wher ein said excipient and said protein
crystal are in a ratio between 0.01:99.99 and 30: 70 (WAN); 15 wherein said
formul ati on hasqat | ter shelf |life when stored at 40 C
and 75% hum di tyfat haﬁanﬂgﬁﬁg?ﬁgb%r% ‘'ormof said protein crystal when
stored at 40 C and 75% hum di t as, neasured by the time required for the
specific activity of@ }ﬂé’aﬁ?er(é{Cﬁsﬁ%d a8 gh%@s}% ‘Bb%e(ﬁrié proteing A

formul ati on conprising: a) a batch-processed protein crystal, wherein said
protein i shaman@erdmﬁbemymd and 134 b) an exci pi ent, wherei n sai d

exci pient and said protein crystal are

b) an excipient, wherein said excipient and said protein crystal are
10  in a ratio between 0.01:99.99 and 30:70 (W/W);
| -wherein said formulation loses less than 20% a-helical struct.ural
.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

storage for 6 hours at 50 °C, as measured by fourier transform infrared (FTIR).

15
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).



in aratio between. 0.01:99.99 and 30:70 (WW; wherein said fornul ation
has at |east a 60%greater shelf |life when stored at 50 C than a
nonfornmul ated formof said protein crystal when 5 stored at 50 C, as
measured by the tine required for the specific activity of the proteinto
decrease by 50% (T,12) 11. A fornulation conprising: a) a batch-processed
protein crystal, wherein said proteinldgd an 10 oxi dase enzyne; and b) an
exci pi ent, wher20.n sAifdrmeuxlatipnm eompaisthggai d protein crystal are in a ratio
bet ween 0.01:99.99 and 30: 70 (WW; wherein said fornulation |oses |ess
than 20% a-helical s I i : : for 4
days at 50 C, mherei%ygﬁég?ﬁgvgﬁ §%§?$q%n5?9§§% ﬁﬁgﬁbgﬁhﬁggggpkﬁgg t han
50% of its a-helic&% %; uctural content .after. stor%%% Ior 6 hours at 50 C,
25 moasur SN SEECLT P BIRiP GOPSISURS CETRRSIaSES, IvhseSt iaRsRat i on
according to any one of clains 9, 10 or 11, wherein said ratio of said
exci pi ent adenrydate gckasesntransferagesi and pridoeadustases; 2ng9. 9 and 10: 90 (WAN).
13. The fornulation according to claim 12, 135 wherein said ratio of said
exci pi ent to said prp)&hexeipikit avhereihshitetigicAPam daidtoRin cWs¥dl-ard4. The
formul ati on according to according to any one of claims 9, 10 or 11,

5
wher ei n saiindaagngﬂg ag,eﬁerﬁzdﬁ?zgigggégwg%%q(\}émfél 15. A formul ation

conpri si ng: ch-processed protéi , Wherein said protein is
human serum al bum n; and 10 b). an excipient, wherein said excipient and
sai d protein crystal WABEEIN saidformuialiondiateatieasia o8 doldargater shetfdifq w w ;
wherein said forrmul ation has at least a 59 fold greater shelf life when
stored at wWbeQ storeéd78%0h1Gradd (4p% hamiditythanoa nohfared|dted foreh ofsaid protein
crystal- when stored at 40 C and 75% hum dity, as neasured by the

protein crystal when stored at 40 °C and 75% humidity, as measured by the

10 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: isorﬁerases, lyases, ligases,
15  adenylate cyclases, transferas.es 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 shelf life
when stored at 50 °C than a nonformulated form of said protein crystal when
20 stored at 50 °C, as measured by the time required for thé specific activity of the

protein to decrease by 50% (T,,,).



15 tinme required for the specific activity of the protein to decrease by
50% (T, 12)- 16. A fornul ation conprising: a) a batch-processed protein
crystal, wherein said protein is human serum al bunin; and 20 b) an

exci pient, wherein said excipient and said protein crystal are in aratio
bet ween 0.01:99.99 and 30: 70 (WW; 136__wherein said fornulation has at

-l east a 60% greater shelf |ife when stotd® at 50 C t han a nonfornmul at ed
form of said prepei naGophtiAtionempriiy:ed at 50 C, as neasured by the time
required for the specific activity of the protein to decrease by 50%

(T12). 5 17. A fornu [ c L.SLOg: cheprocessed protein
crystal, wherein sai é?%rb%&q'ﬁ%s%g%@%ﬁ%tgbe&d% ’I‘%Bﬁﬁeﬁ? gi‘ﬁ(PrB EIF i pi ent,
wherein said excipient and said protein crystal are 10 in a ratio between
0. 01: 99. 99eBRYMEGelrsted iR therarplp Foagisting G nEPEErases. eases| kgaseshan 20%
a-helical structural content of the protein after storage for 4 days at 50 .
C, wher ei nadesylaebtyeldsesitranéfesasat and bridorédigtssemaddt han 50% of its
a-helical structural content after storage for 6 hours at 50 C, as

measur ed by fourier pyghekeiBitrvherss safal - iqly or tian
according to any one {)?HCF(a{prlns 15, 1é§ Séﬁlwplgﬂggg‘#%agal tﬁtr'gtcl ot%férgai d
exci pient to_ said protei rystal i C n.0.1:99.9 and 10:90 (WW. 20
19. The fo%f%‘{q B%W@@o&gﬁ%'égaepgﬁog-ﬁMerei n said ratio of said
excipient to said protein crystal is between 1:99 and 10:90 (WAN). 137 20.
A formul ation conpri 9hegein gpicfaanuiatioprloses ass than 26 aehalicabstructhel ei n
said protein is an enzyme selected fromthe group consisting of:

I somer asescohteas efthel progsie ifter 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



~adenyl ate cycl ases, transferases and oxi doreductases; and 5 b) an

exci pient, wherein said excipient and said protein crystal are. in aratio
bet ween 0.01:99.99 and 30: 70 (WW; 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 formof said protein crys&gé when stored at 40 C and 75%
hum dity, as neasured by the 10 tinme requrred for the specific activity of

the protein to decreasankchiint( Whélein sdid excipRnUhalsaRp PR Crydtatared) 2.
bat ch- processed protein crystal, wherein said protein is an enzyne

sel ected fgrpgqréﬁ@bgwér%ngg)g?éagzggggggiozpz rases, |yases, ligases, 15

adenyl at e cycl ases, 0 uctases; and b) an exci pient,
wherein said excipient and said protein crystal are in a ratio between
0.01: 99.99 and 30: 70 Wh&iRIN: sajghfarauiation bas at laasheiSShfolhgreaten shedftlifa 60%
greater shelf |ife when stored at 50 C than a nonformul ated form of said

protei n cr ydteal stotezhat 40 °G tamiderh % thublid By tieen aeasisresuidtedtiben tof gaid equi r ed
for the specific activity of the protein to decrease by 50% (T12). 138

22. A for wk&bim&ys@wﬂeﬁiﬁaﬁed@uﬁ)@%G-ﬁ%qﬁﬁﬁieﬁy,p&%ﬁh@u@d@]& fle wherein

said protein is ah enzynme selected fromthe group consisting

[ - s L adenyl at I , f d
oxi tor eaueREENR 6P RE Shpcufeacushie” v il todsToae B Bhte ha) sai d
protein crystal are in a ratio between 0.01:99.99 and 30: 70 (WW);

wherein said fornmulation | oses | ess than 20% a-helical structural content
of the protein after storage for 4 days at 50 C, wherein a soluble form of

said protein | og6s M Rrinb@nichXermmbridihg: a- hel i cal structural content after
10 storage for 6 hours at 50 C, as neasured by fourier transforminfrared

FTIR). 23. The f l.at 1 I ' .cl ai 0, .21 22,
\(/\/nerei)n sai d ra'?i oO(r) gzr?écieﬁ_fg(?%%g?rhqgfeg%?@éﬁgﬁg%e'cP%@@P%lg 'Hat \%en

0. 1:99. d 10: 90 :
1((’)9 %"ru]erapeut?c pgo\’{\ém); 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); |



15 24. The fornul ation according to claim23, wherein said ratio of said
excipient to said protein crystal is between 1:99 and 10:90 (WAN). 20 25.
A formulation conprising: a) a batch-processed protein crystal, wherein
~said proteinis a therapeutic protein; and 139 b) an excipient, wherein
sai d excipient and said protein crystal are in aratio between 0.01:99. 99
and 30:70 (WW; wherein said fornmul ati dd%as at least a 59 fold greater

shelf life when stomrems%?dférﬁmpbt?cﬁ?/poaeméysttﬁahW/o% ROREPsUEREad form

of said 5 protein crystal when stored at 40 C and 75% hum dity, as neasured

by the ti tiVi Q rotein to _decrease
by 0% (712 nfeS et IR prftin o ¥REGe 57 BV 3 80 Bt Salble et or
crystal, ﬁﬁeln said proteinis a_10 therapeutlc protein; and b) an )
exci pi ent, %‘Pe‘?rﬁt%'alklﬁeé)dﬁpiﬂ Ban e of dp@- b?'dﬁaéﬁHU@ﬁUy%thﬂnt%mt@ﬂarn aratio
bet ween 0.01:99.99 and 30: 70 (WAN); wherein said fornmulation has at |east a

60% gr eat estasage forl 6 heursnited0 ¢ caerheasurédbCidurion taanstsrhoinared eRTiRyr m of
said protein crystal when 15 stored at 50 C, as neasured by the tine
requireg for the specific activity of the protein to decrease by 50%
(T,/2) 27. A fornulation conprising: a) a batch-processed protein crystal,

wherein said pr e|n 20 thera rotein, and b exci pi ent,
wherein said ex p| eipefanglg fign BFB qugl’ Qf‘eélrféi%"mﬁ 2@5 %%t‘?roz%et ween
0.01:99.99 and 30: 70 (W 140 wherel n said formulation | oses |ess than
20% a- hel i ¥Alereinsaid Lﬁtm 0cwﬂ exeipiemt to sajsk protdin cafstalris betweegre 0f b9 days at

50 C, wherein a soluble form
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
hormoﬁes, leukocyte markers, histocompatibility antigens, mucins, integrins,
adhesion molecules, selectins, interleukins, interleukin receptors, chemokines,
growth factors, growth factor receptors, interferon receptors, immunogilobulins,

20  T-cell receptors, bIood'factors, CD2, CD3, CD4, CD5, CD86, CD7, CD8, CD11a,
CD11b, CD11c, CD13, CD14, CD18, CD19, CE20, CD22, CD23, CD27, CD2s,

B7.1, B7.2, B7.3, CD29, CD30, CD40, gp39, CD44, CD45, Cdw52, CD56,



of said protein |oses nore than 50% of its a-helical structural content

- after storage for 6 hours at 50 C, as neasured by fourier transform
infrared (FTIR). 5 28. The fornulation according to any one of clains 25,
26 or 27, wherein said ratio of said excipient to said protein crystal is
between 0.1:99.9 and 10:90 (WAN). 10 429. The fornul ation according to .
claim 28, wherein said ratio of said excipient to said protein crystal is

bet ween 1: €D58)ECDED:A072 VBNLA-BUFATRe TER Mhetdigss AARIQLdiiags f1osp8y, one of
clains 25, 15 26' or 27, whereln sai d therapeutic protein is select'ed from

h i.b h
(he Broun S8g3 SLLISL A 0L YRS RO LR RS a1
el cot i e, PHBDcPEZ URFRIEET i PIEUR; B-seed SRAMC AN oL AN, RS

factors, growh factor receptors, interferon receptors, immnoglobulins, 20

T-cel | recHptiphs?, h-&dd-4,dcttollsb, @52, ILGESI,L-WL-GDSL—1M-1®DIL—1@D&1K;Dlla,
CD11b, CDlic, CD13, CD14, CD18, CD19, CE20, CD22, CD23, CD27, CD28, B7.1,

B7 2. B, S1LGR29. 2RDRQ4RCIMER 9pBR |@I§4|L%‘R4§}H86ﬂ"fr@ 11ﬁjﬁéggg§IL-1gﬁ58’

CD69, CD72, CTLA-4, 'LFA-1, TCR NHC cl ass | ass

ke ey R e e %ﬁ. Rt o MG Pckips, Granal L, B0

IL-1, IL-2, IL L- -6, IL-7, IL-8, IL-10, IL-11, IL-12, |L-13,
IL-14, |L- f[S\IFaanhaJ-TﬁFbeta E&H M_EQIFJVF?PL BEIrA, [EGR family 7RGF, PLEBE familg0R,
|L-11R IL-12R IL-13R  IL-14R |L-15R PF4, RANTES, M Pla, MCP1l, NAP-2,

G oa, G openbbth@lin, Jastah phlaasihgriepitisle (GItP), YRERHIMRAR, R@ﬁrb%tariGFsHﬂﬂ ly,
EGF, PDG- family, endothelin, gastrin rel eaS| ng peptide (GRP TNFal phaR,

RGFbet aR,
REbeloR, VESERWARBEFR, g pIiHR, BHAARBRTER LA beoROR
I t I t b-9, f act fib fib d I
ggggcieﬁgd”éﬁ@% Wcﬁﬁhlﬁ:gﬁ/ﬁ),léé FceRIBrI]-'ceaRCII ?:cr)mplémé:wtnggb comlplernlwgntaéISa nyelin
complement C5b-9, Rh fabtor, fibrinogen, fibrin and myelin associated growth

inhibitor.

31. A formulation comprising:
15 a) a batch-processed brdtein crystal, wherein saicI protein is a
protei‘n antigen; and
b) a.nvexcipient, 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,,,).



31. Aformulation conprising: 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 (WAN); . wherein said fornul ation has at |least a 59 fold greater
shelf life when stored at 20 40 C and 75% hum dity than a nonfornmul at ed
formof said protein crystal when -stored at 40 C and 75% hum dity, as
measured by the tinme required for the 14gecific activity of the protein to
decrease by 50% (T12). 142 32. A fornulation conprising: a) a

bat ch- processed,pr ot gi I rein said proteinis a protein
antigen; and 5 8?-anﬂJ§€ﬁ%¥§§ﬁfmﬂﬁg§¥ﬁ% sai d excipient and said protein
crystal are in aratjio between 0.01:99.99 and 30;70 (WW; wherein said
fornul ati on has at | @8haalclspipepssad droteiriystals whergi gaigiyptain ig aso C t han
a nonformul ated formof said protein crystal when stored at 50 C, as
measur ed bprdtem antigenr agdi red for the specific activity of the 10 protein
to decrease by 50% (T12). 33. A formrulation conprising: a) a

bat ch- py ocessed pr ot ) Bnehtitidty; whBRIiRIsBiPekdlpRRPhRY BalPpdieiich Faftare

antigen; and 15 b) an’ exci prent, erein sald exclprent and sald protein

crystal are _in.a ratio t.V 0.01;9 d 30: 70 (WW; wherein said
formul ati off ?64LDE qfﬁ@ﬂ%@?anﬂéqgigﬁ uctural content of the
protein after storage for 4 days at 50 C, wherein a soluble form of said
protein | oses nore tWhergosgald farmlatiarehag at least a &0 greatonskgit lifef t er 20
storage for 6 hours at 50 C, as neasured by fourier transforminfrared

(FTIR) . 14%heBdstorBaeati 30 W ltiedn amortoenulaie fobmastsatpradéindrpétabwRdn 32 or
33, wherein said ratio of said excipient to said protein crystal is between
0.1:99.9  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 formulétion 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

iﬁ_a ratio between 0.01:99.99 and_ 30:70 (WW);

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).



and 10:90 (WAN). 5 35. The formul ation according to claim 34, wherein said
ratio of said excipient to said protein crystal is between 1:99 and 10:90
(WW. 36. The fornulation 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 structuralggproteins, viral enzynes, parasite
proteins, parasite glycoproteins, parasite enzynes, bacterial proteins,

tumor antigens, 34al | Ehleﬁﬁn@aﬂorﬁ @&t@@m%ﬁ) arly ohBof tRiimy!3At isorpragording to
any one of clainms 1, 2, 3, 9, 10, 11 16, 17, 20, 21, 22, 25, 26, 27,

31, 32 or t
ol ecul ar %Ff%%?&@ it a A e L R
3, 9, 10, 11, && 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33, wher ei n
sai d eXC|p?Bﬂﬂ()%p BMicted from t he group consisting of: sucrose, :
trehal ose, lactitol, gelatin, 144 hydroxypropyl-(3-cyclodextrin,
met hoxypol yet hyl ene gl ycol and pol yethyl ene glycol. 39. The fornul ation
according to any one of clains 1, 5 2, 3, 9, 10, 11, 15, 16, 17, 20, 21,
22, 25,526, 27,381, $aeQ6"ﬁ@a“MHgbgb@mﬁfhﬂcmﬁﬁ%Mplent is a polyner sel ected
fron1one or nore of the group consisting of pon (acryllc aC|d) poly
(cyanoacry aC|d nhydr )
(depsi pept *"’ﬁ%fé?‘%% %@s‘?ﬁnﬁaﬁ@exﬂ&ey Edy%r%g &WSt%d? e(vyg%q |¥(,9 %891 yeol i ¢
acid) or PLGA (E. - hydroxybutryate), poly (caprol actone) and poly
(di oxanone)9:901 .y (ethyl ene glycol), poly
((hydr oxypropyl ) net hacryl am de, poly [ (organo)phosphazene], poly (ortho
esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic
anhydri de-al kyl vinyl ether copolyners, pluronic polyols, albumn,
al gi nate, cell ukgse, I ifrin, gelatin,
hyaluronlc aC|dbeoI|3®§J§§hg%ﬁgﬁ%5bgé@t ﬁ?ﬁggﬁb%gﬁ%ﬂng%fgated 15

40. The formnul ation

pol ysa de bl.ends an ol rs there

D e, MO nr BB AR et 5% 1l i R b
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,



bi odegr adabl e pol yner. 20 41. The conposition according to claim 39,
wherein said polyner is a bioconpatible polyner. 145 42. A mcrosphere
conprising the fornul ation according to any one of clainms 1, 2, 3, 9, 10,
11, 15, 16, 17, 20, 21, 22, 25, 26, 27, 31, 32 or 33. 43. Use of a
formul ati on according to any one of ciglns 1to3 9to5 11, 15 to 17, 20,
21, 25 to 27 or 31 to 33 in the prepa tion of a nmedi canent for t he

pr event i onhygrokyprapytficyofodextrom diethorypaolyethyiemesdlycal 4ndThwyethglenecor di ng
to claim43, wherein said nedicanent is for admnistration by a route

sel ected f@@ gyt he group consisting of oral, 10 intranuscular, intravenous,
pul monary T nhal ati on and parenteral routes. 45. The fornul ati on accordi ng
to any one of clains 1, 2, 3, 9, 10, 11, 15, 16, 17, 20, 21, 22, 25, 26,

27, 31, 32 or 33, wherein said formulation is a pharnaceutical controlled
rel ease fornul ation._15 46. The pharnaceutical controlled rel ease

fornul ati on acc®?di nghedormulation ascorging to anysane of olaims dti on i s fornul at ed
for adm nistration by an oral, pulnonary, nasal, aural, anal, dermal,

ocul ar,5 i n2yavenysl,1, 15t na,rruaczﬂ,m, 22| QB!B@,FZ'B,G@'SQ drrBS,Wrbtr%hﬁ@ ,
mucosal , sublingual, subcutaneous or intracranial 20 route. 146 47. A

process f Ok @pRAA @gomr%%mﬁé@ﬁomoﬁ@%wﬁa&f'tggg%@ 86:‘?%8?@89' s while

mai nt ai ni ng t err inity, conprising uspendi ng
said protein cr | nmer |ss d in an organjc solvent to

pr oduce coB?'é!daiY)ryiJF @iCHJ CP@¥R%M %a% gﬁé‘ﬁ\éi@mm%‘{' ). PPHH@nBYdidR)sai d
suspensi on of coated protein crystals, polyner and organic solvent to an
aqueous sopalyi(dapsipaptde) pglysastens), s)iofy' @actic aoid)), poly (tetidest-glycsiia acigpl ynmer
by evaporating the organic.solvent in the presence of said enulsifier to
produce sabAPDGH, poRNET-B§droxybutryate), 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-alky! 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.



10 48. A process for producing m crospheres by encapsul ating protein
crystals while maintaining their crystallinity, conprising the steps of:

(a) suspending said protein crystals in a polyner dissolved in an organic
sol vent to produce coated protein crystals in a suspension; 15 (b)
transferring said suspension of coated protein crystals, polynmer and
organi ¢ solvent to an aqueous sol ution;14dnd (c) hardeni ng said pol yner by
evaporating the organic solvent to produce said mcrospheres. 20 49. The
process accordi to claim47 or 48 . wherein said. protein i sel ected from
the group consi §% ng Abf".'crf)ﬁ@?%{ﬁe(iﬂm@'%?%ir@ m“ﬁﬁ?@cﬁﬁc&f@m 0 an¥ NS Rls

hor nrones, anti bodi es and peptides. 147 50. The process according to claim
47 o 45, GRS Q. 181 Yhct5.i 6, 1, BDcAbARRELEE. 861 Fhed2 OB3B1. The
process according to claima47 or 48, wherein said polymer is a

bi oconpati bl e pol yner. 52. The process according to claim47 or 48, wherein
said polyner is a copolyner. 10 53. The process according to claim47 or
48, wherein sai @3pol Y& of § forirligisdredcdoraimgad engrorn®sfeciaims Neo @1 9ue
consisting of: poly (acrylic acid), poly Iﬁi?cyanoacrylates), poly (am no

aci ds), spoliy 43nevdr baes) , 29 ¥7 0HBAtb i tHE orep&ati¥n CEalREGibaniePk Yor
(1 PLGA, poly (~ 15

(lactic acid)j, poly actic-co-glycolic acid) or

hyd but 00l j , I t hyl
ol yeor . BUF B ary SO nF o REho BRI AR T Chr o) phosphasene]

poly (ortho esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic
anhydri de-al kyl vinyl ether copolyners, pluronic polyols, albumn,
al gi nate, cellulose, cellulose derivatives, collagen, fibrin, gelatin,
hyal uroni ¢ aci d#ol i ghaéshassafding tQG'@M%MW@!%@ﬁﬂe@@awgw for
pol ysacchari des, bl ends and copol yners thereof. 148
administration by a route selected from the group consisting of oral,

10  intramuscular, intravenous, pulmonary inhalation and parenteral routes.

45.  The formulation according to any one of claims 1, 2, 3, 9, 10, 11,
15,16,17,20,21,22,25,26,27,31,320r33,whenﬂnsaMfonnubﬁonisa
pharmaceutical controlled release formulation

15

46. The pharmaceutical controlled release formullation according to
claim 45, wherein said formulation is formulated for administration by an oral,
pulmonary, nasal, aural, anal, dermal, ocular, intravenous, intramuscular,
intraarterial, intraperitoneal, mucosal, sublingual, subcutaneous or intracranial

20 route.



54. The process according to claim47, wherein said enulsifier is _

pol y(vinyl alcehol). 55. The process according to claim47, wherein said
emul'sifier is a 5 surfactant. 56. The process according to claim47 or 48,
wherein said organic solvent is an organic solvent selected fromthe group
consisting of: acetone, nethyl alcoholysgrethyl isobutyl ketone, ethanol,
chloroform isopropanol, 2- 10 propanol, acetonitrile, butanol, .

cycl ohexane, di 4XaneA pobgés frgtradecinginietdsphémsniyredeapdlilatigpopeesinane,
hexane, isooctane, nethylene chloride, tert-butyl alcohol, toluene, carbon

tetrachl or bRt o HABHRAIREHiNIAGTheR BRRMIlinity? ComPrRiIlY feSstipdpfording to claim
gn 1% I's are SERY

47 or 48, wherein said prote crystals ~mTcrocry 58|. The
process according to,claim47 or 48 . wherein said protein crystals are
crosslinked. 20 59. ‘FHe prY '%%éé'ﬂoﬁfﬁge'@m@?%lﬁ §8‘?°€f¥\W?€F disgolygfdn pr ot ei n

crystals are crosslinked with a multifunctional crosslinking agent or a
bi f unct i on@nh orgarjs sbiviert typeagitiee.coated padeinTiTgstplsoioes susmmiati;ng to cl ai m
59, wherein said multifunctional crosslinking agent is selected fromthe
group cpnsisting of : (gl ut gantfeMmgsaid suspehsishdtvdted priteénadshdehyde and
glyoxal. 5 10

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.

10
48. A process for producing microspheres by encapsulating proteiﬁ
crystals while maintaining théir 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;
15 (b) transferring said suspension of coated protein crystals,
polymer and organic solvent to an aqueous solution; and
(c) hardening said polymer by evapoyating the organic solvent
to produce said microspheres.
20 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, whereiﬁ said polymer is
selected from one or more of the group consisting of: poly (acrylic acid), poly
(cyahoacrylates), 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 (vinylpyrrolidoné), maleic anhydride-alkyl vinyl
ether copolymers, pluronic polyols, albumin, alginate, cellulose, celluiose
derivatives, collagen', fibrin, gelatin, hyaluronic acid, oligosaccharides,

glycaminoglycans, sulfated polysaccharides, blends and copolymers thereof.
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94.  The process according to claim 47, wherein said emulsifier is

poly(vinyl alcohol).

995.  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 alcdhol, methyl isobutyl ketqne, ethanol, chioroform, isopropanol, 2-
propanol, acetonitrile, butanol, cyclohexane, dioxane, ethyl acetate,

dimethylformamid_e, dichloroethane, hexane, isooctane, methylene chloride,

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. -



