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TERI PARATI DETECHNI CAL FI ELDThis invention relates to a pure crystalline
formof a parathyroid hornone.5Mre particularly, the invention relates to
the cryswelobisng7form of teriparatide, PTH @ 1-34), and net h@GI/us9sRe0dbar at i on
and purification of the fragnmented hor none. BACKGROUND OF TI7|E L

| NVENTI ONPar at hyroi d hornone (PTH) is alsecreted, 84 am rio ablu ngQZCt of
t helOmammual i an parat hyroi d 169 4 cal cium | evel s through
its action_on varloustlssug:l ki’ iléf Esm humans with
certain forms of PTHhave denpnstrated an anabol ic effect on bone, and have
pronpted significantinterest in its use for the treatnent of osteoporosis
and rel ated bone disorders. Usi ngTRCGHNICALWFIEILD34 ami no acids of the

bovi ne and human_hor none. f or 5exa | e, whi ubl i sh accounts are
deermed bi ol ogi call¥s BYentieg relafeste a H@f‘iﬂ"rta]ﬁéﬁg‘{rﬁl ‘Pfg?rl??dﬁ@yrqlgﬂﬂ’a%"%en
denonstrate O h

particul grl ﬁ”%ﬁ@%{@mlﬁ ?Ee‘?‘p‘%{‘?;r‘]p%%‘?%%t@?'ég?%%ﬂﬁ%ﬁ‘%@ﬁ% ¢ut aneous and
I nt r avenous PTBI(1.39), aAd Shdtlidds| of peépafationand parifitaifonRFithe Hagmeniédihorn@®) has

shown simlar results.20PTH preparati ons have been reconstituted fromfresh
or |lyophilized~hornone, and incorporate various forns of carrier, excipient

and vehicle. Most areprep -hased ol =] uch as sali ne, or
wat er acidified typicall ywa Fﬂ[ ﬁ{} -~~z& the hornone. The
majority of repop ! r%lr?‘ h §g| g&g{ gog@.r;,ﬁ dldd as qEisd abi | i zer
(see for exanple Egag]\)re&gt bt Qgﬁnﬂl s © 1980, 12528%{1%‘%%8 Reeve at al .,
Lancet, 1097 thanimdliidTiardteyrori gl’amhthat cdﬁadods deruricalsitm Rvsls thfbﬁlgﬁ ,1t2 hcﬂ@ﬁ)

Qstrran et al., Bone Mner 1990, 9(2):137; Tsai et al
docr i nol MR YBrious Essyes. Blushng bone, Stadiesindumens WIﬁcﬁeﬁtalmsof h&l 1980,

a%gatéelﬁz k%eﬂn?nﬁraéggﬁ oelr@\é?%%toorr%@ogéfornu |on§t\ef"1|§{kgl f:i_’"lfr%]!([}o(ra[)ora’i eccj:I :512

exci pi ent  sitéreetsin M8 msé fodlthe wbit@BRAGDsROPOIOSHS afid i'él@téd bbhddisbRleksy ophi | i zed
hornmone or in the reconstitution vehicle.Fornulations representative of

t hose enpl oyed f &isingtheN-termifiab34 pminioasidsofitherbenine andhyuman hasiggdor r. WO

99 3113 PCTNSQ | 26044 .1 L ,2002 PTH 4 ti
consi ot e R b all bl 30ty eSSty HPTaBicaly UGl BR aer um
al bum n, a”?ulFI%Héﬂl'}ﬁ)rﬁShéj 1(l§’asﬁfe9ﬁ Qé’rﬁgndtt'&mdtlhthﬁﬁ\)an@ﬁma? éﬁ{h?}éla'?lo Qﬁé‘cer

(see Reeve at al Ti ssue 1, 469477 a human
PTH( 1- 38) penhmr:eﬁbcme grewmmldumbdwhm mdrmnméred]m ptdkatdd: &sbmd))&hbiods man et

al ., 1991, 14( 1 ) 3 and a bovi ne PT rep (o] n aqueous
vehi cl e pH Sth-tueess 'Q@éfwsaevtas a’ﬁ&hgbﬁlﬁé éﬁf%r%ﬁ?maﬁ?ﬁ* Q‘HE% i's al so
an | nternat p?pgisagffl?sr ggfﬁ s%ﬁ&l‘%ﬁﬁ! son whi ch for human PTH ( 1-84) (SEQ ID

NO 1) consis hornone anpoul ed with 250 beg hunman serum

al bum n2and 1. 2~Pm§l ﬂxepiraﬁ@ns(haiz%aer}r,ec@mtmed fromvired@ oP Tydphilized84) consists
of 10 p,g Igophlllzed 10 hormone in 0.01 Macetic acid and 0.1 %wW v

‘manni t ol ermganet m@p@pomvmuséormmfmmmwpnmﬁ@n@wahm ddostase  Press,

oo i?éhwﬁgﬁ?@hé%&a?n atfles LR b SRR, STy <G SGHDLNER | s
accept abl e h&ufc%mo%xu%nweas@hml Th oS W SerRitcB IBRANI G hIscPecaus e

it is a protein and thus far nore | abile an“the traditionally I S small
nmol ecul ar weicgtporate alisynihaswe s@bilizeh@ed forrubhmpledtecyé apaﬂr Brhivfedi 8, K¥BOJONe

ndust 15 FAPORRHTRAEYe A o Labtsbe LRl AP IS KAk ahehy & A T F0F Rebal 316
successt ul | vy 4BFHIL sl d e Uhahd WisERade] WP 18 70KitaL oD, CIEAEARhGN anc

hydr ol ysi s an er requl res erm and

sequences I ®gaH), 1989269(5):1024;dHac lePalp TRSHT. Weetdl) R¥sQa 080 VI(9):48W WY OF THE
| NVENTI ON The present invention gr ovi des net hods of preparing crystalline

forns of a fk Eélntlawspdﬁﬁﬁhwa)] 1060 amdHalteRTH limbdyperténsy £9865, 3(49:36N.e not
pur 1ty it oS ERAieG {BimR B IS RmRIE) &0 pelgient Bithes ol ek © ©
crystal hpne;d gedmnobiel 1@&%% %ﬁ?ﬂehlﬁxsﬂhéﬁeo& lﬁ(?hcj[ c@nsﬁhﬁ{d é?é ution ' n

vials for parenteral 51' ni stration a crystalline material, PTH ma

al so be f or Rulmuladons iepdeaitab@, ofithdse eaipleyeddonhaaan stadies etideashurha
exanpl e, tablets, capsules or suppositories. 30 Accordingly, in a first

aspect the ' ntion is a novel crystalline form “\ r0| d
hor none se[ﬂﬁ&ﬂ@@m MWhe group consisting of PTH( 1-34), “\w WO
991 31137 P 317 J UL 2002 37), PTH 1-3 8), o 1- 41 ),

and, in particlf¥ crystalline human PTH( 1-34) (SEQ ID NO 2y¢ generl cally
known as teri paratlde |n t he formof tetragonal pI ates or cubi c crystals

™ A NN o e




parat hyroid hornone including the steps of (a) providing an aqueous

sol ution of said hornone at a concentration of about 5 to 40 ngy per m; (b)
m xing said solution with a reservoir solution conprising 10 organic

sol vent- g @dz¢@pcentrati on of about 5 to about 50 vol une peECT/USAs/ 26043 a

buffer at a concentration to maintain the pH between abo f 2 2\0
12.0; and (c) allowing the resulting solation to stand at pfug-e Qﬁ ned
t t t bout t t t.4C | 15
bl ate i ke ER3G1 v (SEBTD'RET R Pabereli Gt fonsbaa o aEeen OBt B Pl

f
Process 1or y Qﬁf%ééﬂv@%dg}uﬂ?z{ng%% legn@x?hor %E%ﬁeftbea[c?d t SrofaPhnjtiorysle: (2)

provi di ng an aqueous s none at a concentration of about 5

to 40 ny/ M abgfiplitn effianteiqseRebvaat all,i1906 VCAlbIf TisRRRsQI21, Sappll, 460-
conpri sing aaghosphate or formate salt precipitant at the concentration of

about 0.5M # RammePTH(:it-wrmepayan@rrem@w ipter 4 &arhr@oaebtdwee or a

m xture ther , e nt ai p. tween about 4.0 and
6. 0 "and 3 cHodrinaReng-na s LA 67 M B R BT Bl P R ied 25
time at a t%gme ?ﬂ%&yu@éh‘%ﬁ c%BE’H&d%H@@bﬁtﬁm}f‘graﬁBMEﬁx af¥kra oo A4 unti |
cubic crystals four aspect of the present invention is a novel
cryst al | i ne Iftermnatiofial R gfereatepyrepardtidrowhizh doslaineart RFAH (1 «4) (SEQJDANQ: 1)

consisting of PTH(1l-34), PTH(1-37), PTH( 1- 38& agd PTH( 1-41 ), and, in
particul ar @@%&tapfﬂ%n&eﬁm@wl@ﬂ with=25Q g bmmc@mhumnbandorm of

conarants: 12 e Tadiiie (e 1), ARABE piliBk PTG 8 indilE oF 0 LEIIIGGY o6, 5115
PCTNS981136 0hérrlorfe i 0-D 1ML 4cid b 1Y wASmanditd] (feeMBmdalet TRe Bk@g eNt

invention is a process for purifying a parathyroid hormone conprising: (a){ ‘)
provi di ng athlmﬂcnoplaoThaPhwnmcMmel EtemLm)dml §9the'5dladnf}9&91at bellg}SOup

consi sting of PT - TH(t 3.7), m( | -3 8), .an f_Ié|%141 at a -
5 concentration o%malgx é%h?fmq%’f’ horpogg seduires thedeyglapmesy” ol une
percent gly I | ution

Conpr i si ng. o Saeaiiatlon il RGeSdbIE R LB st SaBBRPEKPLEC P 11 ' S5 vl ume
percent, amprspatationlBeghwsedtisa prorireaidrthus fan e Rbile thah thédraditiondlly and a
buffer at a concentration to maintain 10 the pH of the sol ution between
about 3.18 aﬁ@aumﬁcwarowelahmmgs (hewexgn ﬁwfﬁgnwlnfeorr ekparathyrpid bprmeensn t o

stand at a predete

Cenper at ur ¢ BERES EOUIeREEs pSerThefy SRRt G LR PrAEF A Bie ind 38

Furthermore, like other proteins that have been formulated successfully, PTH is

particularly sensitive to oxidation, deamidation and hydrolysis and further requires
that its N-terminal and C-terminal sequences remain intact in order to preserve

20 bioactivity.

SUMMARY OF THE INVENTION

The present invention provides methods of preparing crystalline forms of a
fragmented parathyroid hormone (PTH) which heretofore have not been reported.

25 The advantages of a crystalline form for the hormone are purity of the product and
storage stability. Thus, for example, a crystalline form of PTH may be easily
dissolved in a sterile solution in vials for parenteral administration. As a crystalline
material, PTH may also be formulated, if desired, into other compositions such as,
for example, tablets, capsules or suppositories.

30 Accordingly, in a first aspect the present invention is a novel crystalline form

of a parathyroid hormone selected from the group consisting of PTH(1-34), PTH(1-



15 BRI,EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1 is a phot ograph show ng
PTH(1-34) crystals grown fromExanple 1. FIGURE 2 is a photograph show ng
PTH(1-34) crystals grown from Exanple 4. 20 DETAI LED DESCRI PTI ON The

i nvent i apofeekpizes to a pure crystalline formof a fragnentP€Injsa8/a604yr oi d
hornmone in its nost stable formfor storage and direct usei
pharmaceutical conpositions for adm nist3¥ering to human pat1 ﬁtJSULZBO@Qe

crystalline { al i rpqrate as active ingf.edjent s or
HREPBRE 3 ori el T s e i T T
have human [§EHapiig by gé%crﬁgﬂfkﬂamss teﬁgmﬁdey@mcfbﬁmo@e&mrgahan sled of
osteoporosis reported by himel et al., Endocrinology, 1993, 32(4):1577.
The par at hy opcubib orystatse bbshdmvingtasspdesgroap P22 andthedoRowingturlitecelit t he fir st

34 30 N-term nal residues su}gh as PTHé | -34), PTH( 1-37), PTH( 1-3 8) and
PTH( 1-41 ) constanss:naribvel DRl Atfe= P66 cpMrwar ?®nt s i ncorporate from1 to

5 amno acid 99| 31137 P SO8/ . J 0 itutions that
i nprove PTH st a\t;\?T fetcﬁ)/niﬁsc?eﬁta?q}y? P?é%‘@g%ééﬁ&%%lst Legokeesg?%‘g%um&tggf met hi oni ne
resi dues at pﬁﬁﬁ{y}&i@flﬁnﬁoﬁ?ﬁémﬂiﬁg&h&\fskbs dfuci ne or ot her hydrophobic am no
acid that inproves PTH stability against oxidation and the replacenent of

am no acids in the 25{(®&7 r egoodingiatlaqueops solutiomotsaid hoxmonedtao aci ds such
as 5 histidine or other ,aqn%&%gag M&at i nproves PTH stability against
prot ease. These FERGFRUAHO H MEFTBY: t he term "parat hyroi d hor mone”
as used generically hegein... q,,,@g)- k 1-34) (SEQ
ID NO 2) also known ?é) ternll%glgastgl{ éﬂtlloﬁle O%%g@g%i}ﬂ@’% ;Bg\fs#d by known
reconbi nant or sypidnkisolvenehtwchcemttationaf abag Srtoabdut 30 ¥dlEme PatcentNmd
{4)086, 196, incorporated herein by 10 reference. PTH crystals enbodying the
i Avention nay beapubighitaconeceniraben t¢ mathtain thespll petweepabpuich:) gnd abautsol ut i on
cont ai ni ng a buf flf;r.an , optionally, an organic solvent or salt, with the
concentration of é’a@‘é ts and pH being carefully controlled within
prescribed limts. Anycof tgwhR the keaamghaRition @ ¥ahdhl 4 pRUbRANIEENNI ques
15 may be used for growh of the hornone crystals. Crystals may be grown,
for exanpl e, at katehat asemperetpebetvacreatomt rabonwemperatbeand4aBoutAfQaitilg a
sitting grop, hanPi ng. drop, . seedi ng and/or batch crystallization apparatus.
The bat ¢h net hodPlae-Bkg sysialsfopRef erred for |arge scale preparations. In
t he hangi ng drop LI L i I | aced on a 20
cover slip, or gﬁgglgslja%g%%é?%ip(g%w@ni %}n&@%ﬁ%%bﬁb\%&fﬁ%@?sol ution and
seal ed. Thepaaihytéidmoiionidwhavelthe stepstiaclode:a preci pitating agent, which is
al so present in a |esser anmount in the protein droplet. The function of the
preci pi tating agent i §t wospidingiapaguequssolytipyof smd harmene afd) | i s
initially at a | r_vapor pre e n the protein droplet so that
gx\ﬁcggggtgqn of arbgﬁtz 4 fo 40 gl%()mf

evaporation progres a | Xe y’the difference in the vapor 25

pressurgg and the di si@nce pixindafdsolitRnRIlRE rdsefion! JoYutl ipridhfpia di f f use.
Secondly, the precipitating agent lowers the solubility of the protein in

‘sdl uti on by conpghosphateior ornate galprecipitingat theaiohedsitration lof abrut 0 to hus as
evaporation from.t rotein droplet occurs the.solutiqn becone

SUper sat ur at ed | -3 b dpoB o Ak e SRR Sohion, B AT GRS BEOR#Ang pH
protein concentrafi oral , r [ [ f the protein or
macr onol ecul e t hg%ﬁ(%gg% {o‘%ﬂa ?g? l;[egxgee&(g)ﬁé E‘E%g/a %%4631%9

(©) allowing the resulting solution to stand at a predetermined

©

25 time at a temperature between about room temperature and about 4°C until
cubic crystals form.

A fourth aspect of the present invention is a novel crystalline form of a
parathyroid hormone selected from the group consisting of PTH(1-34), PTH(1-37),
PTH(1-38),and PTH(1-41), and, in particular crystalline human PTH(1-34) (SEQ ID

30 NO: 2) in the form of hexagonal crystals having a space group P622 and the
following cell constants: a=b =30.1694A, ¢ = 110.597A, o = p = 90°, y= 120°.



17 J U L 20D2 The batch nethods generally involve the slow addition of a
precipitating agent to an aqueous solution of protein until the solution
just becones turbid, at this point the container is sealed and |eft

undi stur\bgdglfg.gma predeterm ned tine. The PTH crystals rrayPCwUmtzm«ed
using either basic conditions or acidic 5 conditions wt h ngan[Fngove
nmet hods. Under basic conditions, the PTH fragnent is fi rs I

purified, Iyophlh d for The | yophilized protein is dlfssolv din water
at a concentrati 6H ?'o?ﬁaa ?S@chélf refegtgyggpo[h@arﬂpﬁqss PrRYEYI®B4, about 5

ng/m to ab bfthone': )us protein solution is then mxed with a
reservoir sg#gnthﬁpo’ c%l?ﬁ‘g)?nl ng Trom about 5 to about 50 vol une percent,

preferably about (a0 t@r&ﬂdmglalsamn@ﬁro@arphr@lﬁyram lvrgent selsated fivin tied a buf fer
in an anount to maintain a pH range of about 6.0-12.0. The aqueous sol ution

and the resenoupucpnssimmfd?il'fé(rléqz)r TH(B7)y PlH(238).and PTH(1r4diaba The or ganic
sol vent sed e out at.i on,.15 net hanol ,

et hanol , |Sf)‘iﬂ°8%t£‘?ﬂﬂn 0%5“3(5361 ﬁ“&&%é"‘g}'y’cb&’{ i@{ %H"é‘ﬁéodf’&)‘é‘bﬁ pergent

m xture thegg‘f1 .:Any buffer may be used, preferably any biological buffer,
e.g. the tr ? ydr oxynet hyl ) am nonet hane sal ts, e.g. naleate or

hydrochl ori de, o(b)a ghiringsaiduohgion \#llt}kakctsemutadolmaint@mm';sn‘ég argatie used
depending on the desired pH For exanple, a citrate source such as_sodium
citrate nmayStieentadbacoreeatraionyeiabpubaiq sbopih 5O yplugie PareersaMMPREMY SHfas basi c

dit f
Cori par at: 8 on SR S AV £ ARSI 4Bt M ¥ BireTE B nuin, 1 e
basi c copdi fhe@PPof¥ht RbRitidR BERVeIRbON3 ¢ End bt 78, ah@om tenperature and at
A4C with an approximate size of 0.1 mmx 0.1 mmx 0.05 mm 25 In acid {

conditions, the &H f ahgwmngtthe Besphmgespbmonno Shed saarpreldawnamedmmataaqueous
solution at a concez)ﬁr ation of about 5 nlg_ 8 gg 18 ef erably
about 5 ny/ WMPERIYEOGIVEH %P?ﬁoomﬁ‘?@pﬁffﬁ §Gad 2Bpuld Grbntid e Ty ﬂ%‘

protein is gixed with a reservoir solution containing a salt and/or buf fer
in an anpunt to maintain a pH between about 4.0 and about 6.0. The protein
and buffer solutions are 30 preferably mxed in a 1:1 ratio. WO 99/ 31139
PCTNS98/ 26044 7 17 J U L 2002 The reserv0|r soI ut| on cont ains a precipitant
salt sudh as, for exanpBRIEE INESCRIE ERR &Sntration of about
0.5Mto about 2 buffer e ed| Lyvol tion may be
any bi ol ogi cal | y?g%gégt aﬁlaenh&ﬂqrg{?% %“ﬂ?ﬁ PE#&E 3?1)9%?'%”% grg%ﬁij%f fers are,
for exanpl egxa@plequs 5 phosphates, formates, acetates, tartrates and the
| i ke including mxtures thereof, which are in the formof their respective

al kali netal sal FEGUBER 1ssaqdlomgrmid$lmmp@f’3}lﬁ43ﬁj ciytals gropndsgrhat e or

format e sal éxl ) us4ed as the precipitant salt, an

ample
20
DETAILED DESCRIPTION
The invention relates to a pure crystalline form of a fragmented parathyroid
hormone in its most stable form for storage and direct use in pharmaceutical
compositions for administering to human patients.
25 The crystalline material may incorporate as active ingredient fragments or

variants of fragments of human PTH or of rat, porcine or bovine PTH that have
human PTH activity as determined in the ovarectomized rat model of osteoporosis
reported by Kimmel et al., Endocrinology, 1993, 32(4):1577.
The parathyroid hormone fragments desirably incorporate at least the first 34
30 N-terminal residues, such as PTH(1-34), PTH(1-37), PTH(1-38) and PTH(1-41).

Alternatives in the form of PTH variants incorporate from 1 to 5 amino acid



addi tional buffer may be added only if desired. Crystallization in acidic
medi-a affords cube-like crystals. Thus, for exanple, 10 teriparatide
cube-like crystals have been grown wi thin approximately 48 hours using the
above dewerdohpdyaci dic conditions at roomtenperature and PUT/USISAZ604 an

approximate size of 0.1 mMmx 0.1 mmx 0.1 mm The preferr 0ch t of
the present invention is the crystalline formof teri par;te?dg,rmhm
PTH( 1- 34) (SEQ. NO, . |.i,ne. teri i de, prepared 15 hy £ he
aboye-descrF‘g’gﬂl'ﬁlﬁé’flﬁg}f@‘ﬂﬁ@vgggﬁ %ﬁ%ﬁ%‘%“é‘#@@ﬁ%@%&?ﬁ TEPLPETRFT _ooér aphy as
having a cr yRibnin¥ dsRilie®ht peditiche 8HRd/d? 18 1vath IRAciAE BE Sthef HpdrdbRobit th a
symmetry or space group of 'P422 and the follow ng cell dinension having
unit cell comgtosaridthanimproves PIH Gfabilty gsdinstwxidatidn and theFeplabéiyent 2

a=~3=y=90 ' ~ Under an alternate enbodi nent, the PTH fragnent obtai ned as
descri bed aB®i® geidsdndhgPrdd regiomWith tYPSigninseasitiye aMHRe ACIBSFUABASt 10 to

about 30.vo . L vcer p t, where
Ehe pr ot 81 SRR SE SR afineCti Pl M PP RN Ao Briilheed Tl . S0P
about 5 nu/ formis @f PTHREE einbadelbiylthe A ‘ghﬁﬁ&gmu hBfrAbRd TasaBkd bérdpichBy t hen

m xed with a reservoir solution containin rom about 5 to about 50 vol une
percent, pr béreinatiThe paeferred bomgoreas humanP T i-34hW(SEQD IRMNOr Yealsacknyivant , and
a buffer in an arrgunlr tg mai nt ai n aé)%lf—l.r%e of about,3.0 to ahQout 7.0. The
protein sol KEPFRude TheBomRnes Ty beohiaipgd,Ry Kpowvn resempiisnt onyREgtif n 5 1: 1

ratio. 30 T@Etk%&?,as%ﬁa§9és\éﬁ9éc§'ﬁn§@.§é?9t9ﬂ%. @,’bﬁ&’,ﬁ%‘,%&’oxﬁ&%?éd l%?%nb sopr opanol

Is preferre fers previous scri bed may al so be use epéndi ng on
t he desilfedreferéeed9l 31137 PCTNS98/ ZQX044 17 J U L 2002 pHwthin the 3-7
r?nge. Preferred_as a buffer is a citrate salt, e.g. sodiumcitrate. In
addition to the BBbvaysialseathodying thumyertion may berwpaisH or g5hwt flom Zont ai ns a

I pi tant t. h I f trati of . about 0.5
P03 M - cr yruPiry Bkl R ip b % sileB ok BERORARL of Bustaic’ e
crystals. TiI6ent or 54t, vAAie cEncenttaBion &Tﬂéﬁéen%‘%d(pﬂz&ih% ch@fulﬁ% controlled

hexagonal -li ke crystals have been grown within about I2-24 hours using the
above- descr withth presedibed dinmitsatAnyoefithe wel dnawo besia nry/stallizationitedhnigques

approxi nate size of 0.2 X 0.2 mmx 0.6 nm _Xray crystall ography of the
P oonaP. | TR bE et erdn! dhecharione coptalorCRFals ey e RET foh 2pace

roup P622 [ oW ' ' ' I et : stants:
91 21p 2025, SRinpi bl Bl ey bRP ARV A0 S MY bsifigh sinddl 6B 2
crystal | i nehdnging drop, decdipgrnt/od bAth cayschilézynon appdratus.oThe aichaaliodis i s t hat

the crystalline material once obtained provides the active therapeutic

i ngr edi ent Phvipysly preferred fog lasggiscalegyrRaralions Thus, the crystalline material
may be stored w I r I f | . f hor prone or 1
S solutions t herEergtfh.% h?ﬁé&ggrdfé{]athohg S?r"a‘{"g‘f’:‘}%w%@@e‘% g«élﬁﬁgfe? % lrg(gegtcf%yz{rﬁsed to

prepare20 cover slip, or glass plate, which is inverted over a well of solution and sealed. The

C

{) solution in the well contains a precipitating agent, which is also present in a lesser
amount in the protein droplet. The function of the precipitating agent is twofold.
First, the solution in the well is initially at a lower vapor pressure than the protein
droplet so that evaporation progresses at a rate fixed by the difference in the vapor

25 pressures and the distance by which the vapor (usually water) must diffuse.

Secondly, the precipitating agent lowers the solubility of the protein in solution by
competing with the protein for available solvent, and thus as evaporation from the
protein droplet occurs the solution becomes supersaturated in protein. Under the
appropriate conditions including pH, protein concentration and temperature,

30 crystallization of the protein or macromolecule then occurs.



pharmaceutical fornulations for adm nistration to patients. Thus, for
exanple, the crystalline PTH may be dissolved directly with sterile
solutions into vials or cartridges for parenteral adm nistration. The PTH
sol uti onyiggepPrates PTH in a nedically effective anount,perrtisssmedsy used
with reference to amounts useful either therapeutically or in nedical

di agnosis. The particul ar amount of paraghyroid hornone iqcprpgl?tmn t he
preparation can be pre-determ ned hased on the type .of PTH selecfe d on

the intended end-Lhfebaigh mpthods generally igyolve thegshaw additipg of p precipitating
preparations are exploited r.ther j. [ nd particul arl.y for
Phe s r oat momeotio gt Ragisn Solvon ol PLABE b we H ARG fusy BGRPE i B ¥

adm ni strat ifihtQhe EMRain6G9BedIéd sHERTtRMARAIBA P a BYedefirfiidddime desi rably sub
cutaneous injection, in unit doses that reflect the prescribed treatnent

regi men but are, The RiEY cofstalxmapbe obfained mgingreithgiHgasic @adit{cBEQr REdNO: 2) ,
within the range, from25 pg_ PTH nmlL of injected solution to 1000 pg/nL of
i nj ect ed Sol°QpdHAN,Withagy of the abgve methdSct i on vol unes being desirably from

desirably i ncor porSb ey pipdiphsy X THS HaBGastas Moy e MaiFBN LY 17 5%
L 2002 agentiygpyhiliRddbih eThe tywphilized arotéif iedigsolsal intwaer Aadoatdivgiol TH in a

concentration range from25 ~g/nL to 1000 pg/niL, preferably 100 wg/niL to
500 Pg/ni. [frompakousfroginddaaboutidd rpg/miamrafqrgﬂ' ¥ abow Spmgimlde@bout 20 f or m t hat

yields a unit container of 100-500 .~g.human .PTH( 1.34 SEQ I.D.NO 2) upon
reconstituti "ﬁ'nltrge 3q%°198§1f’r°felﬁ1§°&9.°g-lﬁt?’§“ Fﬂffe‘ﬁ“]q‘ ﬁéz’ﬁ'eg%’f%‘{l]‘?‘m i on

vehi cl e,;j@n -V j lﬂm i t he

aqueous IQ-HQBI?‘QE’A’?{%?‘}’@@" E)?&gﬁéb@égglgﬁltu fr eegegwd}rr fﬁeﬂ%wjaobw%‘éq?ﬁg@%r eparat i o@ )
i s obt ai ned vahwnasnpergers @fian srganid soivenoaida bufiier inl @a ianmeanegsanaintaima pH

concentrations of the buffering agent, excipient and PTH, individual 10
vials are firangs®fapey &.0rd2do) LiciagHeus sohionand tharesesyoimsolutinn akedyant age of

t he present | nv. j [ he above solution nmay be prepared with
sterile wat gfé}% Fh}olﬁpxegﬁ%zﬁgfe{fhpb undergo a freeze-drying process. In

addi tion to thei ITHehRpRRCEIVENt WSET mbal Be Fof Sxdmhpl P Al GAMBASHhitdfor;an be
formul ated and admi nistered to aid in medical ‘diagnhosis, and particularly

to assi stS i metisanedtesianok isopgopanel, MBIGpndyethylendglyoplacthylene glytok or and
pseudohypopar.at hyr.oi di.sm i ocal.cem ients. cept for. the dose of
PTH, the coﬂiﬁ’é’ir%/?h(?ﬁeo(gf TPHE’“%EWV&?&’F%%%&WS&W ﬁcﬁgb‘f}ré"é’c?'g 8 herein
for therapeytd i | Mitd RIS ETbatSE TH(
1730) (St 1 QoS iy DARERINNR st g rdeate bt RogHiRice br BER
activity i s baffer. ofttkiatitneetdlaalts hiay atfodgneed dependingamethe d8sifddgsHioBoss i s t hen
made by determning the effect of adm nistered PTH or wuri narg’ CAMP | evel s,
with cCAVP ef¥ampleonciatasguresduehas sediyn citrate may bsased a5/¢ sightlyhasisndi ti on,
r at her %a”b}:ft@r pseudof orm Since fragnented PTH is now available in a pure
crystal I'i'ne Torm ot her .
Crystallization in basic conditions affords plate-like crystals. Particularly, )

for example, teriparatide plate-like crystals have been grown using the above-
described basic conditions within approximately 48 hours at room temperature and
at 4°C with an approximate size of 0.1 mm x 0.1 mm x 0.05 mm.

25 In acid conditions, the PTH fragment is prepared in the same manner in an
aqueous solution at a concentration of about 5 mg/ml to about 40 mg/ml, preferably
about 5 mg/ml to about 20 mg/ml. The aqueous solution containing the protein is
mixed with a reservoir solution containing a salt and/or buffer in an amount to
maintain a pH between about 4.0 and about 6.0. The protein and buffer solutions are

30 preferably mixed ina 1:1 ratio.
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dosage forns such as tablets, capsules, suppositories and the like may al so
be 25 prepared for therapeutic or diagnostic adm nistration. The exanpl es
which follow are illustrative of the invention and are not intended to be

i m tingwo odrs1Y¥9 991 31137 PCTNS98/26044 | 0 17 J U L 2002 pediyBusEsodxanpl e
1 Reconbi nant human rhPTH(1-34) (SEQ ID NO 2) was pr eparﬁdl fJAQm %b«?ri al
previously purified and | yophilized. The7lyophilized protekiln SL

solubilized in er, at the concentration.fro m 1o 20 ng/m . The
rotel N wes m xedl A RFVEs SlyEPH CaBRnE b BHEeIES0) FUAER BhARCTEREISR sodi um
citrate, O hMhabetdddadUibicBheonfhiih )l d:sh {Pol 98)el | 1 con coat ed
gl ass cover ‘sl'i'ps. These cover slips were I nverted and seal ed over wells
contai ning 1nml ofTheladfer ehipl@eluh thertesetvoisicihitorampy de ety bivldgtalpgonal

plates within 48-96 hours with the size of 0.1 nmx 10 0.1 nm x 0.05 nm
The product ageeptadebhffersal pblrange4.0sp@.c Brndulusfrys ans, forskamplgr easioust t he

ol ateo sHowroPR el reefhes: arfrfabarly PhCimel A ooties R anc o @ -
b = 91. 071A wificiT arein @Y/ forR of thelr respective Qikall el 3TRS, @ 2 sddifmSAaRorex per i ment
was repeated as I1n Exanple 1 and mixed wwth a reservolr solution of 10%

i s0- pr opanolpotaksitip oWhen hphesphatel o foimatOsalt ivugéd/as the placifitant sdit, phi=8. 5.
Exanple 3 20 Batch Crystallization: rhPTH (SEQID NO 1 ) at a

concent r at i Gddigronalp t‘?l‘a)’v%sa%ﬁ?‘i@@lly de§115895 | s0- propanol , 100mMM Tri s,

pH=7.5, 0.2M sodi hsake.af .41 ratig | 8:1).€ b ,
appeared within ﬁ%%‘l%uéxgmséc#}c Srf?g?as#goéa%?l}%aiﬁerﬁ s)'}‘lﬂg Thlr%%féﬁ%}.%ﬁl%n
Exanpl e ¥ 23erifiatife0iudiko@sy skl CRediéeh Browitwithita, WkteRS48 Rours asibe 1
@?}d mxed in 1:1 ratio with reservoir solution (0.8M potassi um phosphate,

8M sodi umthhalgyeaiescrihgriagidi conditising atropm wmpergiurgand dt 4G with ang hours at
room terrperature.vm'th.thg S| ze OF) 0.1 rrgl X 0.1 mmx 0.1 mm A photograph of
the cryst al SPEFHAESIZERS R T ¥Pd M3 X Y4 WY 5y crystal | ography of the

cubic crystals s cfarrel %&%oﬂihga'%‘l? 8};{5}% %r%@fit @gé‘n:tfo?/ﬂ:nk g-lg' c'?QstM\l}\gé 5@3{){1 37

constants: a = b = 91.07/1A ¢ =

¢ PC' T/ USO8/ 2 Gérijghratide] Humhat/PTHZDG2) SEQHD NCx 2hh €rpstatliae teriparatide pepaesd t he

same way, as mxed in 1.1 ratio vvi,tg’__breservoir solution (0.8M

Exanpl e 1 and 1
sodi um flor mdweahe pboverdeserihedrmethadshas bsen eharacterized by xssay crystallographyast al s

appear ed as [ gﬁg@ < IN% ). Was
" prepared f r,(%l%owgggér;?%ﬁl SéllrStg\g/hl (loé;ljts °§S‘?‘." tltégg a‘%]béc ?‘é’o%&sﬁﬁ%égy eggl%gophi lized
« protein was spadeldrohp s£P4INandide GIARG Lell diméniRndaRI@NInitell@dntthmg 5 o/ m
to 20 ng/m . The protein was m xed with reservoir solution (2.4M amoni um
sul fate, 5% i sopragphmo?l.0D. Anggms(h)citrate buffer, _ 10 pHs5.0) at 1:1
ratio on silicon cpsz%g %I ass cover slips. These cover slips were inverted
and seal ed over felrs 8 taining I m of reservoir solition. Hexagonal
cryst al gappear egy wiﬁth & g@- 24 hours with the size of 0.2mm x 0.2mm X
0.6mm X-ray crystallography of the hexagonal crystals showed a space group
‘P22 and t he f ol Ildndengn ahemateembodinaitatht PTHafraghent dbriddlds deseritei0. 59p, a
= (3 =90, Y,15 = 120 , . ..
above is dissolved in a solution containing from about 10 to about 30 volume
percent glycerol, preferably about 20 volume percent, where the protein
concentration is from about 5 mg to about 40 mg/ml, preferably about 5 mg/ml to
25 about 2 mg/ml. The glycerol protein solution is then mixed with a reservoir solution
containing from about 5 to about 50 volume percent, preferably about 5 to 20
volume percent of an organic solvent, and a buffer in an amount to maintain a pH
range of about 3.0 to about 7.0. The protein solution and the reservoir solution are
preferably mixed in a 1:1 ratio.
30 The organic solvents are those previously described. Isopropanol is

preferred. Buffers previously described may also be used depending on the desired



WO 99J3113? PCTNS98l 26044 12 17 J U L 2002 WV CLAIM | . A parathyroid
hornone in crystalline formselected fromthe group consisting of
PTH(1-34), PTH(1-37), PTH(1-38); and PTH(1-41). 2. The crystalline hornone
of cl ai-nyéleesp3§ hornone being human S PTH(1-34). 3. The argousdsizsos
hornmone of claim2, in the formof tetragonal plates havi agZaJZﬂitmoup
P422 and the followng unit cell constangs: a = b = 91.07 , = 1665,
a=(3=y =290, 4. The crystal}gign hor e, of .claim2 in cubic crystalline
f or m havi ngPH withig Shecé- 7gregs e egﬁaamwgfgf 1513 AptR §alt 6§ sedium eigats: jﬁts: a

= b = 91.071g,...1 ~. cx37 St 5., 873 TY= . . . ' claim

2, in hoxagBRUrOTIGEE BpPY ity ahd Rutth it reSborf L BAAH corBgn R R

fol | owi ng ugdif sueRlak af@isHiaMlstlfaR aFaRofceatall®PdPatiour0.31030Ma, a = ~ = 90, y

= 120. 15 6. A process for purlflyl ng a parat hérm d hornone conprising: (a)
y

provi di ng an aqué€oystaligatian ipnhoglyeerohmadiaafiords hexagamablisecostalsl Thusm t he
group copsi sting o TH( 1- , = ,AabTH 1-3.8), a TH(, 1-41 ) at
a concentra qr(;ﬁgr&p{eagw%n % T?I(Adgéi&ﬁg@%ép@rheﬁégo%ag-jlﬁ%fwsﬁgs gﬁ’led’e%l ution
with ar esegr‘b%{)wﬁl?in%bﬁﬂff-@%ﬁhx%'dgﬂa[g?tﬁc A AR escritd @Rkitidhs 3t fOBREENT rati on
of about 5 To about 50 volune percent and a buffer at a concentration to
mai ntai n t hempdrairetdnd as 4POwithaneppreamatesize of ). Dnmnd Ocbmint x 0% flim.aKd (c)
allowing the resulting solution to stand at a predeternmned tine at a

t enper at ur erayesryaipesthyt ofrthe hexagapalritke srestals shaw 8 gtystat system| withsa p| at e- | i ke
crystals form 7. The process cl.aj wher el n. t he. hqr none i.s human

Pri 1 ) (SRmFy RFPar 27 B2 bEkdoing g firdSiopta by fretlor Gani o
sol vent 1pS GodiRINAETa S8/L50.580AT O2N11HS99AOHR: FarbRP SfLgoef met hanol ,

et hanol , i sopropanol, MPD, 30 polyethylene glycol, ethylene glycol and a { )
m xt ure t her eof . The advan¥ed of 3 tiy3talliEHokinTBt RégMentdéBPTH and dspécialBofor9. The

process of claimg6, . wherein the hornone concentration is fromabout 5 to
about 20 nyterparatide istthat the grvstalling mategplonge < povides thegaHve sol vent i s

at a conce n{hre?aﬁaieﬂtri]c ﬂfgre%ﬁaﬂtin ?19 o3t 319'6\5% YB1eYohG C 'ﬁx,us, the crystalline

material may be stored with a longer shelf life than prior forms of the hormone or

15  solutions thereof. The crystalline material may then be directly used to prepare
pharmaceutical formulations for administration to patients. Thus, for example, the
crystalline PTH may be dissolved directly with sterile solutions into vials or
cartridges for parenteral administration.

The PTH solution incorporates PTH in a medically effective amount, a term

20 used with reference to amounts useful either therapeutically or in medical diagnosis.
The particular amount of parathyroid hormone incorporated in the preparation can be )
pre-determined based on the type of PTH selected and on the intended end-use of the
preparation. In one application, the preparations are exploited for therapeutic
purposes, and particularly for the treatment of osteoporosis. Osteoporosis therapy

25 entails administration of the reconstituted preparation by injection, desirably sub-
cutaneous injection, in unit doses that reflect the prescribed treatment regimen but
are, by way of example, for human PTH(1-34) (SEQ ID NO: 2), within the range
from 25 pg PTH/mL of injected solution to 1000 pg/mL of injected solution per
patient, with injection volumes being desirably from 0.02 to 1.3 mL. Accordingly,

30 crystalline hPTH(1-34) (SEQ ID NO: 2) is desirably incorporated with a buffering
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5 11. .The process of claim 6, wherein the aqueous solution and the
reservoir solution are mxed in a ratio of about 1:1. 12. A process for
purifying a parathyroid hornone conprising: (a) providing an aqueous

sol uti onwi 9g33T at hyroi d hornone sel ected fromthe group BCHRISSE26A4# of
PTH(1-34), PTH(1-37), PTH(1-38), _ 10 and PTH( 1-41 ) at j?ogmz[?(jZon of
about 5 to about 40 ng/m; (b) m xing sabd solution with e

sol ution conprisi a. ate or for . precipi.t alt at .

concent rat | Rl bRt SR A e Ao O TASigRieRRIME POFER & cohesiariono s
buffer sol Ut daRRfle frOin 25 {8/ o1 000§ ;prefe@ébl?l@@fl?&’iﬁ, (A50@0gheLmal ntain a
pH bet ween about 4.0 and about 6.0; and 15 (c) allowing the resulting

sol uti on to st andnaine@nphoditaer; thi pegpatatioes ate providedpimraaformethitetielde n uaktout
room tenperature and about 4C until cubic créstal s form 13. The, process of

claim 12, wrenginerohd 09r5PRwedhumanR iR - P EQIR) NOsEypan epnspijutiongnto) . The

rocess of claim 12, [2l buf fer |. .act J

Consi ot APoUhbERHEHEE G bEfhedtConSlinlidn INiBE i 1hE s € b RiPely
thereof . 15.jodde WitIPai85S 1qﬁL@k@idagaaous\Mm Btepaitalien,for meimm GRedeLation is
fromabout 5 to about 20 ng/m . 16. The process of claim12) wherein the

aqueous hor nbpimgsol uti on and 25 the buffer solution are mixed at a ratio of
about 1:1. 17. A rocsss for ur.ifl%/i.ng a gﬁrath roi.d, hor none, coﬁ{rg.r%fi ng:
(a) providing a sOMGRTEPArALoRds ARtAFS AHahaRUrBRLSALW QR SAdPIRINg AesiFed gr oup
consi sting - bdohs s : ) i
concentrati (;'afhmdgu%ﬁ'fég%xg l::ttﬂlgelfo aésoﬁit?thﬁ 8 El?%lﬁﬁ gﬁt,gggg%eﬁgg(%gﬁa{b gﬁlvx%al?,o

vol ume pHEr ceviils gleyfildadowith the¥ohiindd 1ke/ddsirdd ViSthe? A 4dbvantagde/offthéptes@ft02 (b)
@1’ ing said solution with a reservoir solution conprising organic sol vent

at” a concentip¥gntion ivthapthgabose sajutigromay be prepriedavigesterdietwatemyshowitbas ul f at e
at a concentration %}crgqaﬁgr%tg 0,.5Mto 3.0M and a buffer at a concentration

to maintain ‘}eﬁetopﬁ‘ %ﬁ"él‘?’f%r?rﬁ%?s@\‘een about 3.0 and 5 about 7.0; and

(c) allow ng the medditionRs tihdt thetapButicuse! MB PrédbnteP TH 86@pSsifibnesh bé M at a
t enper ature between about room tenperature and about 4C until hexagonal

crystal s forformulgiedBhd agmanistereddd ard inimedical didgeosis.and iparticutariyrte assistinman
PTH(1- 34), 10 D . 2)..1 9. The process of claim1l7, erei.n the
o gan o Lol stabiing s of By RoRRER O A BT aB PR B I

met hanol , etl@@tﬂ lcen'xi?fﬁ'ﬁﬁ%g”%ce%@’th@%s}é‘?}f@ﬂ-ﬁ 'i‘ﬁeléﬂrb{ btiorf3fMé g‘?ﬁlogl ycol

and a m xtuyr ereo e process of clarm 17, erein th r none
concent r at i qrepasationowilllienmiroad désciilsedtivoeih f@Ghemgpedtic dg. Abhetravenoesly of
claim 17, wherein the buffer is a citrate. e _process of claim17,

22. Th
wher ei n t he 1pBsedH sinedodeseiad humsa PTEK 349 (RBQIBING; Drthatis egnalde 280 a ratio
f about 1: - AD. ) A 9, . . LAl Y Yt L
3. y?ugllie‘ [ \/]Jlgt@f]“ﬁégifﬁ%]@k{g% @a‘]yﬁg é}; l@a%@é%@ﬁ?%@?%é%aﬁqugﬁ%@f?é ‘ca] cal ca]c

al] ca] c<] cd)iagadsisishiiet] rmadcopiatmlinmlgQnd b fect lI0f #@ministered PTH or urinary

"[% (Bbzupj e [V]ca] ca] ca] c&al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj

cal ca] ca] ca]dylRdgvei s MitheqAMB] adevdlion beiap drdicativisiofithe ifypepasathyroidism | " 3

a#;éfﬁfii’/egg ] (C:?; ]~°§t3 ?féﬁn ,Zra S ?hgz a%] igsa;ls% 3&0(%%{] caj] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca

Since fragmented PTH is now available in a pure crystalline form, other
dosage forms such as tablets, capsules, suppositories and the like may also be
25 prepared for therapeutic or diagnostic administration.
The examples which follow are illustrative of the invention and are not

intended to be limiting.



U] c”*a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca! C-+-8-F---4.}...D///|000/1122! 3p333L
45555/ 69667| wgl gb] X] c] ca] ca] ca] ca] c(aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca]ca] c(aU]ca]ca] cal 7Z777+8z89L999>: : :;

di s <<§o 7>+71 2?7@ At AXAAl wr mhe] X] c] caV] ca] ca] ca] ca] pedragdosabesal c(al c
a] ca] ca] cg] cafca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C‘Flfcﬂljf.] ﬁa' AAAA' Bv

BBCqCCC4ADDEOFs GGGGGEHHH) 1 111! JrJ 1
Kl KKK=Lzupkf a\ W] ca] ca] ca] ca] ca] ca] ca| ca! ca! ca] ca]ca] ca] calc(aU cal]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] =L L* Mz MVN@NNNOYQu OnvOO000?P[ RRR

SSSSSTTT
VWWV| wr | gb] @%EBHSHJ] ca] ca] ca] ca] c”a] ca] ca] ca] cha] ca] ca] c™a] ca] ca] ca] ca] c”a]

A &a -
o il C2U13) FelcabppAaRLEl SPITEL20 CHE A vty prepass om

a] ca] ca] ca] amlera] previmishyajurdiedahd a)]aph]l]ic dhe :lg]oph]lgzn]i m@ta]:nmﬂa: a] ca] ca] ca] ca

] ca] c*a] ca] ca] cia] ¢c&a! aaaabZbbbccdddhhhj aaaazupkf ' [V]]ca]calc

a] ca] ca] €a] E‘&PE@F%]I’C‘&T%&PEQ’F&QPT@&PE@] %8]"0%\]"@&]’&%@ wgfeh) thgRraledn] ca] cal ¢

(oo ()< P8 FBL At vt B AR 8% ot 0 20 SRUAEEREI0 T () g
(10%: () - <. T8 A%, THE- XU s o @MHoN Gl RSBtk siigs, (TREE () - <. (&

(1098 ()-<& (109%& ()-<.(& (Z10%& ()-<XYuvwg\ B& (10%& ()-<& (10%& ()-<. (&
(109%&' () - <cqVEDSIEps Were. ifeer(ed GUa, séaleddver PEMa cotainiing hml 6f (es@Y@Ir (splutiops.

(109 ()- <8 (109 (<%, (1006 (1ot (A0, 0075 KRG L& 100e (0 <
10 0.1 mm x 0.05 mm. The product was confirmed by mass spectroscopy. A 0)
photograph of the crystals grown is shown in Fig. 1. o
X-ray crystallography of the tetragonal plates showed a space group P422
and the following unit cell constants: a=b=91.0714,¢c=37.665A, a=p=v=
90°.
15 Example 2
The same experiment was repeated as in Example | and mixed with a
l reservoir solution of 10% iso-propanol, 10% polyethylene glycol, 0.1M glycine
buffer at pH=8.5.
Example 3
20 Batch Crystallization: rhPTH (SEQ ID NO: 1) at a concentration of 10
mg/ml was mixed with 50% iso-propanol, 100mM Tris, pH=7.5, 0.2M sodium -
citrate at 1:1 ratio in the test tube. Crystals appeared within 48-96 hours with the

size of 0.1mm x 0.1mm x 0.05 mm.

Example 4
25 The protein was prepared in the same manner as in Example 1 and mixed in

1:1 ratio with reservoir solution (0.8M potassium phosphate, 0.8M sodium
phosphate, pH=5.0). Cubic crystals appeared within 48 hours at room temperature
with the size of 0.1mm x 0.1mm x 0.Imm. A photograph of the crystals grown is
shown in Fig,. 2.

30 X-ray crystallography of the cubic crystals showed a space group P422 and
the following unit cell constants: a=b=91.0714, ¢ = 37.665A, a =B = y= 90°.
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Example 5
The protein was prepared the same way as Example 1 and mixed in 1:1 ratio

with reservoir solution (0.8M sodium formate, 0.1 M sodium acetate buffer at
pH=4.5). The same crystals appeared as in Example 4.
Example 6

rhPTH(1-34) (SEQ ID NO: 2) was prepared from material previously
purified and lyophilized. The lyophilized protein was solubilized in 20% glycerol, at
the concentration from 5 mg/ml to 20 mg/m!. The protein was mixed with reservoir
solution (2.4M ammonium sulfate, 5% isopropanol, 0. 2 sodium citrate buffer,
pH=5.0) at 1:1 ratio on silicon coated glass cover slips. These cover slips were
inverted and sealed over wells containing 1ml of reservoir solution. Hexagonal
crystals appeared within 12-24 hours with the size of 0.2mm x 0.2mm x 0.6mm.

X-ray crystallography of the hexagonal crystals showed a space group P622
and the following unit cell constants: a=b =30.169A, c =110.597A, o= = 90°, y
=120°.



(10%: ()-<. (p qreX@ (& (10%& ()-<& (10% ()-<. (& (10% ()- <&

(109 ()-< (& (10%& ()-<rstZ@ (10%& ()-<& (10%&' ()-<& (10%& ()- <&
(L10% () - <& (10% () - < (& (109%& ()-<& (10%& ()-<L > 10%& ()-9 J
109" (8 bonyysd 0% & ()~ XxI10% & () 1010108 (10% () -<. (lenibbbasn
10%&() M e ()- t10%& ()- &10% ()- 310% & ()-

Y109 & ()-q.y|[:_> . Z10% & ()- -10%& ()- Y+10% & ()-1 7 adbdle2002
& 10% & ()- . 109 & () - H obUs> ylo%\p/&'(§-310"10"10" L @10% & ()-

9"10% & () -WB@-AdME R ()- 011098 & ()-"S|[:bW> “f 10% & ()- F10% & ()-

1 $1094 &&' () - HOI $1096 & -l 0% 781 & )6 &
Jsm%l&ﬁ Sgl& (zﬂoloy : 6108&5%@9* ‘}“"“eib%(i)sﬁhneofﬁﬁfﬁtf}@t(’? f’l"["lg’ggél"‘@
"L bUA>  copdy 5@95/@1??@}1@-34) PTHRY03%) (DTH(1-38); and PTH(1-41).

2. The crystalline hormone of claim 1, said hormone being human
5 PTH(1-34).
3. The crystalline hormone of claim 2, in the form of tetragonal plates

having a space group P422 and the following unit cell constants: a=b=91.0714,
c=37.665A, o= =y=90°
4, The crystalline hormone of claim 2 in cubic crystalline form having a
10  space group P422 and the following unit cell constants: a=b=91.071A4,
¢ =37.665A, o= =y=90°
5. The crystalline hormone of claim 2, in hexagonal crystailine form
having a space group P622 and the following unit cell constants: a = b = 30.1694,
c=110.597A, =B = 90°, vy = 120°.
15 6. A process for purifying a parathyroid hormone comprising:
(a)  providing an aqueous solution of a parathyroid hormone
selected from the group consisting of PTH(1-34), PTH(1-37), PTH(1-38),
and PTH(1-41) at a concentration of about 5 to about 40 mg per ml;
(b)  mixing said solution with a reservoir solution comprising
20 organic solvent at a concentration of about 5 to about 50 volume percent and
a buffer at a concentration to maintain the pH of the solution between about
6.0 and about 12.0; and
(©) allowing the resulting solution to stand at a predetermined
time at a temperature between about room temperature and about 4°C until
25 plate-like crystals form.
7. The process of claim 6, wherein the hormone is human PTH(1-34)
(SEQ ID NO: 2).
8. The process of claims 6, wherein the organic solvent is a member
selected from the group consisting of methanol, ethanol, isopropanol, MPD,

30 polyethylene glycol, ethylene glycol and a mixture thereof.
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time at a temperature between about room tcmperature and about 4°C until
7

cubic crystals form.
13. The process of claim 12, wherein the hormone is human PTH(1-34)
(SEQ ID NO: 2).

20 14.  The process of claim 12, wherein the buffer is selected from the
s ) group consisting of phosphates. formates, acetates. tartrates and mixtures thereof.
15.  The process of claim 12, wherein the hormone concentration is from

about 5 to about 20 mg/ml.
16.  The process of claim 12, wherein the aqueous hormone solution and
25  the buffer solution are mixed at a ratio of about 1:1.
17. A process for purifying a parathyroid hormone comprising:
(a) providing a solution of a parathyroid hormone selected from
the group consisting of PTH(1-34), PTH(1-37), PTH(1-38), and PTH(1-41)
at a concentration of about 5 to about 40 mg/ml in about 10 to about 30

30 volume percent glycerol;
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