METHODS AND SYSTEMS FOR PURI FYI NG NON- COVPLEXED BOTULI NUM NEUROTOXI N

[ 0001] This application clains the benefit of priority to U S. Provisional
Appl i cat iwo 2bio/oseir2 253, 810, filed on October 21, 2009. Phe/useoendssy of this
U.S. Provisional Application are hereby incorporated by reference in their
entirety. FIELD OF THE | NVENTI ON !0002¥This I nvention relateﬁ%aenerally to
chronatographwgyﬁgfﬂgﬁébghﬁng OR, l%ﬂFﬁF§Fh§‘¥%é¥?Nﬂ§kﬁXi m neur ot oxi n

fromcell cultures to produggTyry {ROTOKIR potency product.
BACKGROUND COF THE | NVENTI ON [ 0003 Botullnun1to§?n IS a neurotoxic protein

produced by the bacterium
[0001] This application claims the benefit of priority to U.S. Provisional

Application No. 61/253,810, filed on October 21, 2009. The contents of this U.S.

Provisional Application are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] This invention relates generally to chromatographic methods and
systems for purifying free botulinum neurotoxin from cell cultures to produce a high

purity, high potency product.
BACKGROUND OF THE INVENTION

[0003] Botulinum toxin is a neurotoxic protein produced by the bacterium
Clostridium botulinum, as well as other Clostridial species, such as Clostridium
butyricum, and Clostridium baraffi. The toxin blocks neuromuscular transmission
and causes a neuro-paralytic illness in humans and animals, known as botulism. C.
botulinum and its spores commonly occur in soil and putrefying animal carcasses, and
can grow in improperly sterilized or improperly sealed food containers, which are the
cause of many botulism cases. Botulism symptoms can include difficulty walking,
swallowing, and speaking, and can progress to paralysis of the respiratory muscles
and finally death.

[0004] Botulinum toxin type A is the most lethal natural substance known to
man. In addition to serotype A, six other generally immunologically distinct
botulinum toxins have been characterized, namely botulinum toxin serotypes B, C;, D,
E,F, and G. The different serotypes can be distinguished by neutralization with type-
specific antibodies and vary in severity of paralysis they evoke and the animal species
they mostly affect. The molecular weight of the botulinum toxin protein molecule, for
cach of the known botulinum toxin serotypes, is about 150 kD, composed of an about
100 kD heavy chain joined to an about 50 kD light chain. Nonetheless, the botulinum
toxins are released by Clostridial bacteria as complexes of the 150 kD toxin with one
or more non-toxin proteins. For example, botulinum toxin type A exists as 900 kD,

500 kD and 300 kD complexes (approximate molecular weights).
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SUMMARY OF THE INVENTION

[0011] This invention relates to systems and methods for purifying a non-
complexed botulinum toxin. In one embodiment, the method comprises purifying
crude non-complexed botulinum toxin to obtain a purified non-complexed botulinum
toxin. In this embodiment, the method comprises loading an anion exchange column
with the crude non-complexed botulinum toxin to capture the non-complexed
botulinum toxin on the anion exchange column; eluting the non-complexed botulinum
toxin with buffer to give an eluent comprising the non-complexed botulinum toxin;
loading a cation exchange column with the eluent from the anion exchange to column
to permit capture of the non-complexed botulinum toxin; and eluting the non-
complexed botulinum toxin with another buffer to give an eluent, thereby obtaining a
purified non-complexed botulinum toxin.

[0012] In certain embodiments, the botulinum toxin complex is itself obtained

by a number of chromatography steps. In some embodiments, a method for obtaining
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[0015] The purified non-complexed botulinum toxin comprises at least one of
botulinum toxin type A, B, C,, D, F, F and G, and preferably a botulinum toxin type A
having a molecular weight of about 150 kD. In some preferred embodiments, the
purified non-complexed botulinum toxin is at least 98% pure; and/or has an activity of
at least 200 LDso units/ng. In some embodiments, the method produces a yield of at
least about 2 mg/L fermentation culture. In other embodiments, the method produces
a yield of about 1 to about 2 mg/L fermentation culture.

[0016] These and other aspects of the invention will be better understood by

reference to the following detailed description of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0017] Figure 1 is a summary flow chart comparing one embodiment of a
process according to the instant invention for directly purifying a non-complexed
botulinum toxin (Figure 1A) with a process for purifying a complexed botulinum

toxin (Figure 1B).
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conpl exed botulinumtoxin (Figure 1B). Dé%AILED DESCRI PTI ON [3%18]This

i nvent i onbelelingnadoxin byyihe amen nghanae [sebint. oNopwpmplaxag barufgmn toxin is
then ecluted with buffer to give an eluent comprising the non-complexed botulinum
toxin. The eluent from the anion column is loaded on a cation exchange column to
permit capture of the non-complexed botulinum toxin and the purified non-complexed
botulinum toxin is eluted with buffer, thereby obtaining a purified non-complexed
botulinum toxin.
[0019] In some embodiments, the invention provides for the purification of
non-complexed botulinum toxin in a relatively small number of steps to produce a
high yield, high purity, and high potency product. Processes and systems within the
scope of the invention can be used to efficiently produce a stable but non-complexed
botulinum toxin from fermentation cultures. In other embodiments, the method
further comprises providing a sample comprising botulinum toxin complex and
loading a hydrophobic interaction column with the sample so as to permit capture of
the botulinum toxin complex by the hydrophobic interaction column. The botulinum
toxin complex is then eluted from the column with buffer. Crude non-complexed
botulinum toxin is dissociated from the botulinum toxin complex to obtain a mixture
comprising the crude non-complexed botulinum toxin. In this embodiment, the
mixture comprising crude non-complexed botulinum toxin is purified to obtain pure
or substantially pure botulinum toxin according to the method described above.
[0020] One aspect of this invention is the recognition that a pharmaceutical
composition comprising non-complexed botulinum toxin as an active ingredient can
provide greater purity compared to one comprising a complexed form. Non-toxin
proteins typically associated with a botulinum toxin complex can account for about
90% by weight of the complex. Thus, providing a botulinum toxin as a complex
necessarily includes at least about 90% by weight of impurities. In other words, at
least about 80 to about 90% by weight of the pharmaceutical composition will include

cell-derived impurities that are not part of the active molecule nor necessary for its

biological activity. Such impurities, however, represent cell-derived materials that
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pharmaceutical conposition may be prepared and stored substantially,
essentially, or entirely animal-product free. [0022]In certain preferred

N Y L o S o .




herein are scal abl e and/or cGW conpliant. Accordingly, nethods and systens
descri bed herein may be used on a commercial, industrial scale, to produce
nonconpl ewedotiaissd7znum t oxi n for use, e.g., in pharmceRCTask100838%i ti ons.
A cGWP conpliant process or systemrefers to one that can conply with the
regul atory requirenents for current good manufacturing, practices, as
required BAUTABCRSS ST Qe8! 8Pod-waRt arUrag argtiFnas reﬂle%_ﬁié%féfS_e Ciode
enbodi ments, pdiBa1 R EAAL €X6H SR ABLRNOFNC thd SioRRbHIRULA! | Y.
suited to large scal® production due to its ease of storage ang usability,
hi gh act i botinuhitghn purduttyis psttablariytspiteditodlarge scalppovddtieatiat o its §8023]
"Bot ul i num.toxi n" as d. herein.refers to neur ot oxin protei p nol ecul e
that can BEprsaaRbEyTE b hiEh udvert D st feriraedSelesiini nant 1 y
produced ;(WZHE t her epbsiiuh e@RMPT BaRksed Hetdih NidRars A¥i A KA@Fotb@vepiodign! i ght
chain and/or heavy chain of the toxin protein synthesized via reconbi nant
t echni quesiolesuly. thatygangba prodwnesidnane (Bpsosdin bacieriumadisowclhen roobdinanty al
species. "Botulipumtoxin: i,s_used.interchangeably herein, with the related
owor eosi oRGIus BN MRSREE o spbinn B PRI AR s il i
" Bot ul i nuphd/exhdavy @hgianpass RXimpiptddi sjiBesbetulii ridBmbivhntesiMiglictpes., A, B,
Cl, D E F and G% and al so _enconpasses bot h conpl exed and non- conpl exed

M,

forms. [O0b24]Bgombinap elstidier #d/qrsnapehiost & igotPgFichunmBeesincors ax
conprisin j ' . ' I 2. OXj it h a

nmol ecul ar g?/\% gﬁ%{%#@g{)ﬂcl}%% ﬁe%b%%g (agers]re(vlvéetf)? egg}egﬁoéseabsdt}u%@g? glglsl@g}%gti’ed native
non-t oxi n“gauedtexin’’ oNaimpl o Xtoringt OB figuri Iadin’ hakcemppssthanycafithe boveBniaypi cal | y

i nclude non-toxi n hemaggl utinjin_protein and non-toxin non-he | utinin
protein. W&S%‘a@%éeg, ﬁ@rlhsﬁnﬁﬁng Q0L IR RURSD SRR GHOT S8 o (the
neurotoxiﬁmgggﬁggg&g%nﬁgd one or nore non-toxin hemaggl utinin proteins
and/ or one or re non-toxin non-hemagglutinin proteins. In certain

enbodi ment®24t he noBgcubmplewed firin”of ntchet chrplien: texigreaplex comansiapout 150

kD. For ex |l e, conpl exed for f .the botulipnumtoxin t A.can have
ol ecul ar SDERgEe BTREBG HGo ko b dnessokb ioroRHua: Y468 RET M) exed
forms of e wD)nsmseRXdshatt YaGSoR afidcialedCadtiviaydh-dxI0bREMUh ar NoRit@hh of 500
kD. Conpl exed fornms of botulinumtoxin type D can have a nol ecul ar wei ght

of about BEICIRDtert mbbutup50E kenplEkgsahipycally ompluds erpnftiorins hemagadetinin num

toxin types E and F can.have .a nol ecul ar wei ght. of abo 009 _kD.
L o0om) * XERRR . Ba Al oA R R R Bt O e, RRSHEedIRrS mexenei a1y

or subst asérpdideya ibsaliatimdoxipohbletily MtHeopdufotpLiot@hipohent) agd an&ok egdit ar

wei ght of about 150 kD. - That is, "non-conpl exed" forms exclude non-toxin
pr ot ei ns, NRRrEHIh SCHATRINHRN Profes G (R e rPTaMarenBHL-togil AomBampeshEdP ut i ni n
pr ot ei ns, Al oy i i " = ed"”
botuliun1ng%ﬁﬁﬂé(ﬁggﬁQﬁﬂﬁgﬁgﬁg%g%gﬁpscﬁgfg%ﬁﬁaﬁ?hg&g%gggqg%%u |%ﬁﬁ1toxin.
Al'l the bebautilaQRDt o nxaeplof gopgdexrd dernyofrtht bare/ikimo sixin gipad mthalve num

bacteria are synthesize t he cteri S, inactive_.single chain proteins
whi ch ar e™P H%&Sl“é%%ﬂ Ograg%‘iltc%dgﬁyab?%?sé@s]éé ¥d plicafi euFaa@{liX\? . The
protein Cﬁﬁﬁﬁkﬁ@%n@ﬂm%PRH&n%&@sKﬁhﬂf@ﬂ%mﬁhﬁb@ahﬁ&@&ﬁmb%e%hﬁbﬁ@b@kgﬁ bond to

an about 50 kD light chain. T0026] Botulinum toxin conplexes can b
di ssoci at €dmiphxed tiaxisnofabduivom: tasi typsr Btenivvby maletwaswmghhs{ abontl udi ng,

for exanp% ai sin t o,about . 7. treating. the conplex. w red
bl ood cer PE0 kb B SppO B 9IS Bitnksef vty e Pt BOvp G o
separ at i OBarPlifeSHelc&HENwAShtCIaBeM 300 k®TBL Ogr aphy in a suitable buffer at a
pH of about 7 to about 8. . . .
[0025] “Non-complexed” botulinum toxin refers to an isolated, or essentially
or substantially isolated, botulinum toxin protein having a molecular weight of about
150 kD. That is, “non-complexed” forms exclude non-toxin proteins, such as non-
toxin hemagglutinin and non-toxin non-hemagglutinin proteins, normally associated
with the complexed form. “Non-complexed” botulium toxin is used interchangeably

herein with “free” botulinum toxin. All the botulinum toxin serotypes made by native

Clostridium botulinum bacteria are synthesized by the bacteria as inactive single chain
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[ 0027] The i nstant invention enconpasses systens and net hods that enable
purification of a non-conplexed botulinumtoxin, wthout associated
non-t oxi rwpretigismg2conventi onal Iy believed necessary durCmgskée/053389
purification process to maintain stability.ln preferred enbodi nents, the
met hods and systﬁﬂgrdescri ed herein f%cilitate purification of the free
bot ul i nunPISKh WO thangdeavd og pighed Py yprotagses &9 gﬁqnietgﬁur%cm%t dBfe" is

nmeant tha i Xl i Ml i out 100
(D> heayy DS B BBRbE 00 Y ALY Thi (oM By L AAIAR dollhy bR 1o

di sul fi de5®&Pdjghanithin.n a conformati on that allows for biological activity.
[0028] I n enbodinents, a .particul ar st.emw thin the scope of. the
bresent i RUGRLi on 1 BoBBr A Sd AT lRF UBEINRP ER I Q4P R Al 2Pt o

W thin t hgr3GRPByOfarlols REMSE Mclddie Yot _Qa@am?le?)fﬁki%@ b tAH notRusgape of the
present invention can conprise a plurality (preferably consecutive series)
of chr onatregfingphy cembleameitlf md klged vilisrata pidof ebpd Yl rigdior gnkikéting the
(preferabl ansecutive.series) of, chramatogra steps.. Fu [.~@ SYystem
Wihin o mEBRE GG TEPER i EFRR AR ERRra Sibithyr®

(pref er abhtya pH @0nSRE ttd BRI | €s) of non-chromat ography devices, such as

filtration and/or centrifugation apparatus, for use with a correspondi ng
pl uralitylQ037kf er abilhe é duaniien saperaRysset syismscadomathogy Aptynalieps,
€.g., as §ﬁﬁ&%6ﬁ”@% 99 58‘1%%!@%9&?-190&19%% L kiR" GHBLLE dssiTRod %Eﬁ'ltéxina
process hin the scope o e present 1nvention conprises obtaining a
sanpl e copptdiss cugnvbatianally bohidved mpcdssarmndarih e thegniridicatton @utdss temanitdin ect i ng

it to a nunper of pre-chromatogr.aphy purifications; and the ssi.ng it
through a’ bkl fp B@?Wo?m?%émawﬁyﬁeomﬁwﬁ s ggd émtsmﬁ_dg?%{%@ﬁﬂwmn fied,
hi ghl'y pOE@ﬂhm@%@nﬁﬂﬁﬁb@%ﬁdeoﬁ&i%BHH%&ﬁXthl%H&Bu@ﬂ&krbﬁkﬁﬁﬂﬁjeeB?OtU|'”Um

toxin finds use 1n the preparation o# phar maceuti cal conpositions
conpr i si ngstethbtyt’ roe Esthblelis meant ttloat ithe aeuamma tixi proiteig medécihg retan® both

g?é_légrSSO %gg;ét;%qﬁﬁeoagfg{% %ﬁ{agla%g‘%%%t 8 Ef)q{glht c ta%?joifngé tobeoatcﬁ| other by
a disulfide bond, and in a conformation that allows for biological activity.
[0028] In some embodiments, a particular system within the scope of the
present invention is operated in conjunction with a particular method within the scope
of the present invention. A system within the scope of the present invention can
comprise a plurality (preferably consecutive series) of chromatography columns for
use with a corresponding plurality (preferably consecutive series) of chromatography
steps. Further, a system within the scope of the instant invention may comprise a
plurality (preferably a consecutive series) of non-chromatography devices, such as
filtration and/or centrifugation apparatus, for use with a corresponding plurality
(preferably consecutive series) of non-chromatography steps, e.g., as pre-
chromatography steps.
[0029] In preferred embodiments, a process within the scope of the present
invention comprises obtaining a sample comprising botulinum toxin from a
fermentation culture; subjecting it to a number of pre-chromatography purifications;
and then passing it through a plurality of chromatography columns to obtain a highly
purified, highly potent non-complexed botulinum toxin. Such a purified free
botulinum toxin finds use in the preparation of pharmaceutical compositions

comprising the free botulinum toxin as an active ingredient.



processes for sone preferred enbodi nents of the instant invention are
illustrated in Figure 1A For conparison, Figure 1B shows a conventi onal
met hod f owoabtiaismi7ag purified botuli numtoxin conpl ex. BrirafSkyo/oFisgure 1B
depicts a process involving depth filtration of a fernmentation culture,

foll owed by tangential flow filtration of the filtrate obtained (using
300kD ul t FERPEY of i | P&VER', SRS Togodh W'erewﬁgf%ﬂhﬁgm@e?hr?mﬁ@é&‘&’ﬁbn st ep.
The pel | ehm@bggé katRlofc! f8khic@intofiMintd BOHCriRThANRYGRI3h HERILRD iAtep |
t hen re-suspended in sodiumchloride, and | oaded onto a hydrophobic

i nt er act i iguor 1AonFexwhgngeor; dligmm .1 BTi®vehr comtcogemsb mathqlufor fobtaningn st ep
is repeated.at |east three tines t i-ve_a final ,eluent containing the 900
D botul | REHbRT ATy BACRTCHTER . Beerteriats O Snicthdi OPre ST BIHET on
[0031] As FédH trdtdnl dfl uth@it@fon dMrd) IR eMBEeHal Bbl THIRARXOMhE S
generally purified froma fernentation culture. "fermentation culture" as

used her efifiratef ehtgined @singl B09kD opltimpuérafitediopti &llagvedelbys 2 ghuifong
conmponent s _thereof . that.are,synthesizi.ng.and/or..have synt hesi.zed at | east
one bot ul ForttHe st po sy QA BERIE AR te Bl RSB, P U
bot ul i nunktepay hen CieldubfeRded rinagaiium| eHl@sdd, Mandn [@dvd reaterenthyd@pdotsicve to
bacterial growh, such as in a warm anaerobi c atnosphere. The culture step
typi cal | yiIBs¢Reis of der rixghangecenlvmnes Thict shrg@atogsaphes RuviperdiosgstcRid ot her
charact er|.st. e t.al . ioel . h Gl ies then
can be fe%%tvgérlltt8 %3{ ?er?ptathg%i t?g%%e% %ggiaﬁ@n&aggh%ﬂ{‘ é(wrtréﬁltn ttﬁgﬁbgﬁaortg%%e

cul tured ealid gpodycdnmdé:ude non-Cl ostridial species as the host cells, such

as E. coli or yeast cells, nigpf?t are rendered capabl e of biosynthesizing a
bot ul i num t oxi A¢BYEHEERTATSH CH&ERe6Pbgy. Suitabl e fernmentation cul ture

condi ti ongyaqp depend P{éu}@elPDQEhstﬁl%sl sthé’st?&-@dhﬁiplé’ie% @EheLAY YoxkNOWn in the
] dto

art. [0032]1n preferred-enbodi nents, fernentation nmay be allowe
progress genecdhypbetiicah frosue etmheatatmal ¢@tuae. e Aafarmentandn lvalterebiassysad hesi zed

a botulinuymtoxin. Gowth of .0stridiumbotulinumcultures,.is ual l'y
Compl ot e HREBTlna S SpglBm e, oo oR eGPt herdpt T
period of afcl fRthetibBghaglorhhde §yHth@abl ¥it |MSteoRMb il aaRRIN. NEQ &HAmpredi um t he
synt hesi zed botulinumtoxin conplex in a conplexed form For exanple,

during a férwifiebhiactamiaosuchas (los0divy laiseinmg enaydesr &ltupaslsan qgap gtagdsdn um

bot ul i num cel | nder sis.and release bhotulinumtoxin A conpl ex.
w0 2011/ o8bors BeiPEE, S8 h3 a8 ek Bl BB oo hen et R uffent at i on
cul ture catmo3phgeti SEROBELRE st §pivallyradllops 0dMEHBlial Sddtdhies wahi d®lralfle ot ei ns,
used in conventional fermentation culture procedures. For exanple,

bot ul i nunMosolegyatndathsy shprecderissigs dnderadbbiiecd o pelesfedcibmedCloyyétd i di um
botul i nu I i i O I ] o] s (see
e.g. Sc hg#gigjhlg? t@?@gtbfeafﬁg{lé@ér@ge{l%ﬁgg Iegrﬁ(ej&ﬁ%easﬁ %g@te u?ﬁ%ﬂ%ﬁﬂ%lgil Eﬁgnd( ot her
m cr obi al culawedtdsimay include dooiiestr ot sodeioslas Revhdsd 8disMVarcbhys A @k )or 80- 99;

Schantz E. J., et al., Preparation and_.characterization of botulipumtoxin
type A fo¥°Hb el ekt ﬁ?r?fe&%;ﬁﬁ@rb?% of PGBkt @ S ingty H6¥igP¥al
D sease. andohBfaAPkchiihGhAPYuilbld ARLHLAHEI LR EdhdldoiR thn SN YA ke Mar cel

Dekker; 1994, pages 41-49, and; Schantz E. J., e . e of crystalline
type A bohedticellsmsedrndhaicrgenerdily ahowesgetheeh, in: Lewis G E Jr, ed.

Bi onedi ca ects of Botulis 198 w Yor k, Academ c Press, es
14350, el ncor o Bt RE ARG PR EHB) Mg G  RTSSaRd t he
nodi fi ed &ehpietidn, Wuek 8B& delll a@P bt REd halkethidsyRtE3iEQX h hoRRkEnUeRiOT ani mal
products, including ani mal -derived-Bact o- Cooked Meat nmediumin the culture

vi al , andGeasiaf Glastridemt betbmtracilorenidispallysermnlptepsier ghout B teebmant z t oxi n

purifi cat ke . . se: f Vi r drolyze
pur ) ot hPaTRCR 2 ok PR AR, ENCE LTI ST A0
release into the medium the synthesized botulinum toxin complex in a complexed
form. For example, during a fermentation of about 60 to about 96 hours, most
Clostridium botulinum cells undergo lysis and release botulinum toxin type A

complex.



[ 0034] However, adm nistration of a pharmaceutical containing an active

i ngredient that was purified using a process involving aninal -derived
product s wanosuspeEet a patient to a potential risk of r@CEUSRNQ/05EBBY OUS
pat hogeni ¢ agents. For exanple, prions may be present in a pharmaceutical

conposi tion conprising contam nating aninal -derived products, such as the
prion resﬂgﬁgl bl e f85¢Pes éunmsag%% fymentatien culurs 4R FOMPERS 9B @ t her e

is a riskpffc Lh@ng g}rr]&&dc&g sﬁcl?@ plens) E;{Ibt%ﬂl%eﬁé'@' fﬁp\?&r%nt(o-'fl%ﬁ)fem%%lfaﬁoﬁ‘s a

bovi ne spongi f orm encephal opat y (BSE) when animal products are used in the
process ofultrak |pmrg:eduq@harﬁmwlmptaal betohipositoxio manTHfﬁepMBcadf by abatrelhic num

toxin obt i ned via ces of ani nal uct s ver,, ,reduces such
sk, “Thrdetplon o COGTRIGT et utt 3Bech meRiFSs \Eiton ROBR Yo KBRS dos o
process t Bé‘ﬁan'tzs fot&s (Qée api S@llantﬁrlpqucett%l Pfop@ﬁ§§3@hdi akd ¥r Bbruskbs k@RI al Iy
ani mal pr oduct - free (APF). " Ani mal prod uct free' "essentially ani mal

product f a@bbthebmwrghlbls narwioamsynanﬁdmhe dYlisdelie! R@\eé99?eh®®¢kp35§élés‘30-
respectlv y ni rotein free" ssent.ially Qtein free", or
*cubstant 1o 18R el it Efsharb B ng R RN eBlar o P B LR s e
essent i al falin@nRearcaghertUditpantiialJasstnsed. NEurl@[dgﬁhad;Dised&f dtﬂdefﬂhefrii@m
animals, non-limting exanples of which include products derived from bl ood

or pool edquzrébﬂWlthmbHWm toxin(d @ ndewi YorkoMagge Pekkera | Pimiages(deth as a
human b e; t mal
sgeci )es E&? Secih% ud%sjmaeg%?)lbﬁjsgmfs%?@gﬂlgh gg P}el;r;l?én g\d)p%gfsl?&yl[w%] An
ani mal - pr edemth flneﬁewrsoGeE 3r, (cdr Baorsetisd] adpeahk loy Hutuleaﬁs €l aNeyw "orkyal

product -free- proces refe rocess t i.s entirel substantial |y,
or essent PARFSMIF L sssotpa%ﬁ%. S éacoa%at?g%remé%ygéqﬁ@n%%\d %9 BeFns. such
as i nmunogliph éﬂ!ﬁvhe%é’bﬁﬁecpb%ﬂtzpﬁr%%%tfép ot?cXmH{r%OQ H%ﬁnuﬂ?&oﬁh ek Suse MEAL

products, neat by-products, neat |gests dairy products,

by- pr oducb aonnadhlgeéucss, lAc,lodmgl agingl-demved Bavpl- €od{edaMeammmliurprmdlhct free
fernentatl n culture procedure s a fernentati,o S .bacteria
cul tur | ngtF dietl e BB el on TRy FraiteRs SBe et s and
di gests. Huki@dtiGRMAREOHRTIINGS ah& RIRRE ﬁ“ohﬂﬁbvﬁlﬁeoé‘oﬁﬁo%s f&ﬁyd?@[%@é RiddEc a

non- conpl exed botul i numtoxin reduces the possibility of contam nation with
vi ruses, 9@ﬁbﬁ@$ﬁﬁHb@hé@ﬂ@ﬁwégnﬁaEMQ agents, which can then acconpany the
toxin whe ni st 0036 i mal - u free fernentatlon
pr ocedur egb usr]ng d glgot ] Y%rf ua%%lgﬁ Isﬁahtlrogls ggra]eAg%rgnc? rf gld Sﬁtamm% gt Uacg Pat .

Nos. 7, 45thgb&ileranblat Av@S@urfidd, udie elprodads divpdviag adinidy- deﬁ%@r pivd@acts fcan

exanpl e, the%gromﬁh medi a for production of the botulinumtoxin may

conpri se doPaiphded prisatidtask Phiewhdnsianpisatheranic/ a8y odivét s such
as soy ba / debi of, S

Soy- basedé ne ?ggﬁin J%ﬁ #%%uuggz% aﬁggﬁﬁnal g#“ffgegﬁgﬁ ntatlon
cul ture, tmﬁmﬁkmnngemnmadeQMan$ﬁnasedymhhspdopm@mummbbébs@mm&ﬁﬂdﬁ car bon

such as glucpse, salts such as Na nd KC1, sphat e-.cont ai ni
i ngredi en:[asCO Lfﬁ??aé% P@ZM“ re ’dl'ﬂ‘/é‘lsgrﬂ% ASTYHES &, P850 on and

magnesi U%ndebQﬂoMﬁSEﬁ@u@l? 3¢ @éwﬁé'%@o@gﬁfolrmcé&?creﬁhaﬂ@pa@mﬁj c(i sty Waghne, and
the like. Preferabl’y, the soy is hydrolyzed soy and the Hydrolyzation has
been cond mmneblpm@uctg a@nzsydrmsthn orocdss dfineakifg ophamanaitcal @moslél@nofT he

hydr ol yzed so So nt er nati onal ),
Sy pent o D gy g Bt ShfinE it B SRSe (RO NEs ) Best) - Az
soy BL4, Mu@@%u&ﬁskssm%@w sofeeyrEretrb @ Babodkichist the Mdleitior psRIcs N Y. ),
and SESOMK (DW). [0037]As Figure Aillustrates, in certain enbodinents a
sanpl e comrpgﬁsﬁghﬁotsuffﬁm@ﬁl angpalnpiogudbt ol qesentiglbnpn splstansiatlntanomaleul t ur e,
For exanp f ert. ter‘ 0 n_ei;the i mal
product f Igdgugtrﬁge QE‘P@ %h oéj ?&I‘?r ee ’rre%gg&h%ygtﬁuﬁlu 1%td %éx}l fnreega(’r;ﬁprlnlaex IS

rel eased Iﬁﬂo@taﬁtﬁtﬂly@ﬂmwﬂp@ﬂtﬂct@ﬁd&”l@ﬁc&ﬂﬁa@%l edpdayively eCinintiaproin frEeT,
exanpl e, in sone enbodinents, as in the well-known Schantz process, the
f er ment at | ScTslY uANIEBhpPIoKIhgftehe Hot PSRRI X PHMFhyPIBES uﬁﬁ‘f crad

respectively means the absence, essential absence, or substantial absence, of products
derived from animals, non-limiting examples of which include products derived from

blood or pooled blood. “Animal” is used herein to refer to a mammal (such as a
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to acid precipitation to encourage the botulinumtoxin conplexes to
associate with cell debris and forman acid precipitate. In sone

parti cul avbyopresberer ed enbodi nents, about 3 M sul furic acrassabwsizen may be
added to the fermentation culture to formthe acid precipitate. Preferably,
the pHis reduced to ahout 3 to ahout. 4, nore preferably to about 3.2 to
about 3. shumpaRy. Hirdn reRile HPRFRREL fiYh. JBstst: @.@r %0@8 NS REHENL R t he

cul ture t efMRIRIMESotEnAhROs AV 68eriLafl veali abOUt bel ow 25C, 24C, 23C,
22C, 21C, or 20C. These conditions ?urther enhance the association of

bot ul i nuM@03%] n conmpinexesnahiprdtlucefrte debedss. (ofhe mbstdntprilyciopi ¢sstngiaflpr ned

w il conprise boqu ?otulinug1t$xiQ conpl exe gnd canlbe Bﬁedfﬁf t he
starting AEMEiPEPAUCHTIEEPIOEEDS) JGHY itQ 4t PEITeSt 86 1S SOMDASURHaAR Ve &F i on
steps; wheggasmlfyhardel IofT ahienal-Ael &L g5rd@iebts, [ RA38ts NakPNproRsds, HItE as
conventional process depicted in Figure 1B doés not include an acid

preci pi t atonneglepulinghether Woodhiodacts Hey-predingts,catdigastsp meeepradectalsert begi ns
with a fepnentatjon cul t.ure conpri.-sin .bot ul i num, t 0xi onpl ex, .t he
cul ture meUPOHES” o eliblel £ St B Auap O R e Tt e
than the @etdrdih@by, ia exhBpldSHEdni anirBallseaue fitce Pethichtatiah icQRusteg&dutenist he
Figure 1B process, the cell debris is discarded, rather than the filtrate,
wher eas, adermanipgiop preqess, suel gupectaml culwing, vhigh exgludegibiody seat. apd t he

cell debrys j ol ) .l for,. furthe idicatl 1 eps,

ocg., i Rc Fbot SO PloBLE) ohd HBRR, prnnr R o R

Pr e- Chr onptoagysafoln yobRuning i 2 abn-ooapleREB dphainsanexanpaddesyetht spostibaity afipl e

obtai ned fromthe ferq;ntation medium i s su 'ec%ed to one or nor

pr e- chr onfeBHPHBHYN pUifl MRAES: dHODS FreOBRY %Sef@ lephgenur ViIER 2R oten can

I ncl ude afcdogashy ago0h WiRAGEMMiRLrlOWuhhhd rati on, nucl ease digest, and
clarifying centrifugation and/or filtration. A non-limting exanple of a
process f[WA6Lont ai Anngalgredwivficratfograptiynpurodddoetsi aningon€empidwed by t he

i tion i i ded in. Figur. t i f d
enbodi maneWturRn 8 AEehit i fodRaby BRodRsar e gPd w7 Bl Fowby
preci pi t afiRoffRkattd$9! dRIrenck! LS SRIE, Be fREWBNERHIA0f: Gitbdskien GANRE | Si ng

the botulinumtoxin, rather than on the fernmentation culture itself or on a
filtrate Hewiiged toxiariady eompase vogctahte-basod eseducts) instadtdcdnimalFiqgiyeé 1B.

That is, inpreferred enbodi nen of. the, inventior e-chr t ogr aphy
(clarifi cB‘i‘%do%tg’ S %Ibsasstsoa¥'g as\%iﬁt hrsotdﬁlgsagli?%/orprtg%i (IE)G:%E% 5 lrée)d’ (Sleg(i]o ub ugglflf action).
[ 0040] I n s@mipesoih0odSaiEbdssd fchfemaigy enddacifer peGhpad ahémalr piodsed ek e
fraction) conprising a baotulinumtoxin is subjected to tangential flow
filtrati offrMyBHHShCHbEres FIWERMNS. RN FPMIISY G pRcRssd thypduchl 4 yowsedft o

clarify, €Qg6e Q&cﬁlaats%luc%géj,/sgﬂs such as NaCl and KCI, phosphate-containing ingredients

such as Na,HPO,; and KH,PO,, divalent cations such as iron and magnesium, iron

powder, amino acids such as L-cysteine and L-tyrosine, and the like. Preferably, the
soy is hydrolyzed soy and the hydrolyzation has been conducted using enzymes not
derived from animals. Sources of hydrolyzed soy include but are not limited to Hy-
Soy (Quest International), Soy peptone (Gibco) Bac-soytone (Difco), AMISOY
(Quest), NZ soy (Quest), NZ soy BL4, NZ soy BL7, SES0M (DMV International
Nutritionals, Fraser, N.Y.), and SESOMK (DMV).

[0037] As Figure 1A illustrates, in certain embodiments a sample comprising
botulinum toxin is obtained from a fermentation culture. For example, after a certain
period of fermentation, in either animal product free or non-animal product free
media, botulinum toxin complex is released into the medium and can be harvested by
precipitation. For example, in some embodiments, as in the well-known Schantz

process, the fermentation medium comprising the botulinum toxin may be subjected
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purify proteins. In contrast to normal flow filtration, where fluid noves
directly towards a filter nenbrane under applied pressure, in tangenti al
flow fil twetzoomsod7ke fl ui d noves tangentially al ong, or ppanmsbkéielosizsy the
surface of the nmenbrane. Applied pressure serves to force a portion of the
fluid through the filter nenbra<§s§to the filtrate side, while Bartlculates

and macr o Tt DICEItatiRn togngeirags thy derying N KRmBlcaRBloFSTc& e MEh Cell ai ned.
Unl'i ke nopamis sﬂc%rﬁf hi Ly | (e nawevl%r sontd'Ba @ﬁ@ﬂpﬁ#a@ﬁ@@%ﬁﬁﬂaﬁn&@s not
build up at the nenbrane s 8 but are s pt along by the tangentially
f1ow ng fandSIMmuHhm¢audspmabmnmgée@ﬂb@ﬂknbnﬁsnmnangenuMmttdfdnnﬂwltrat|on

is used to .concentrat he .i nsol | e terial I ris ich the
bot ul | nuntUBRBaRS Gelrat b B P rrbepbkatoet 8 Fratf Anbets BepRedY: br ough
t he menbr gngoRPs %0 abSRS. S, @nd evefmgw ﬁef’eﬁlbly den@ent idlsofnk @Wbbiinddndl, i on
paraneters, such as pore size, feed flow, applied pressure, and the |ike,

may be setb@c:tuéturebtynmhl@géemalqudmcetdq etgheto abputt bylayo RE KN ZASE 26} P2Gebri s and
to produc nor. opeent r at.e ri.sing t.he ba um toxin

conpl ex. ?%%ééﬁgﬁégr?%‘s 1On%flerre RﬂP tﬁzﬁgﬂgaﬁn%8ﬁgg%glqlmxm

t angent i akorhplexesf imtithr atli Odbb\Mst IThfal hdl@rlﬁeﬂﬁitategfoamb@r@llﬁlobﬁlpﬁfse dpoud 0.1 Iam
may be used. [0041] I n sone enbodi nents, the sanple conprising a botulinum
toxin is Semieecaxinocomplcsesandigasks oned roche adwting geseiigninc dthcaci litate
removal - ob, s Gefe slarATRANGDLS, Webl WIIER g R Ubispimg oXi n compl exes
tend to associ ate ncertain prererr enbodi nent's, nucl ease di gestion
foll ows t §0038hti al hiommﬁminhabmﬁmnamﬂﬂqﬁo@ﬁgdﬁﬁdemmmEmpuéhésamma&mtrated
cell debris optained therefrom gure For exanpl e, the
concent r at&ldeem aagmrfﬂ@p%%{m %emaeﬁw&&% Vhide gm aw%@?ﬁl@a Rk ToWAucl ease
activity B@nmﬁhla%fn%‘t'ﬁﬁ%%lt‘&fet&ngﬂ@n@a B Bri i APLSmANE | @S fure SUCh as

DNases and/or RNases that digest rol"'yze) DNA a , respectively.
Dependi ngnmdiumlé; subcrdge depthyfimtratiednd sha filitake répihbmihyn e @balebris iso about
7, preferabl

ut 6. . S0 epbodi ne am dine is us . a
b of ease He B vgregi P BUEATOH S EPSoIT AR Tt HE Pk di sl ase
di gest | Ondﬁézﬁﬂed Thenihah QRS AItHSE v R DS UK MEd irf FRANANYK, Bl ﬁl&meqssour ce,
i ncl udi ng ani mal sources and/or non-ani nal sour ces. 0042]In nore preferred
enmbodi nentscartderk andy ticeepbledabsis ddtidipnesdpifatd s asetofer farhergurdisatiorestepss provi de
an ani mal - pr C cIe se duct-free process.
Accordlngf§ %?ﬂlI%%g]%np‘n%ﬁéﬁtpgggg%@%%‘C&%eaglﬁlnal-product free

processes and PysUlRBnd0graphpsldntdmnky or essentially animal product free
processes and systems) for purifying botulinumtoxin which conprise use of

a nucl eas#038h ani mit SpreduRkedimgrsnthel e mbjpind fgae he fomsniviae y,

e.g., usi bact er.i S u cr gani sns,
whi ch hav{e}g %@ﬁq?32%3£§?h§§‘§% g&ﬁ%@%s%gfﬂﬁbg%&gﬁﬁwg béﬁg%ﬁo or ggé in a
nucl ease dmgﬁmu@nmthﬁpﬁhmn@mﬁum@nmb@pnmdessesedésquheﬁ,ﬂ@mdﬂﬂmumuclease

di gestion typically redyc he nucl |c aci d on ent. of the s as the
st cel | migteise: diedf Ged o ?@%@@raaga WO HOL r BBar .éfnaeah ied. For

exanpl e, Rydral )6?-@%5%@& Bb% RalMsindPe- a{rbﬁlatdg%hgj}uﬁ%wn YRk@ladcdpuri ti es
can be renoved by further purification steps In certain enbodi nments,
t he sanpl by chwpmvsitmen ds bpnouidﬁduum thogire  hAy b/és sm.dt@cbcﬁtbede t o girefeitkgi ng
centrlfugath $ and/ or fil rat%on Clar(?¥ %(centr% ation or. L dtratlon
refers t o CBATPIoR Gy BCingf B M g LY RIRC THEEHY 8UT YhBPEYFBESE| enent s,
such as WhRbRbRNHadtinEdf %%hﬁerﬁ&tﬂ)ncﬁilﬂur@@&hpﬁsmé HE M BSARIE, raftRs Ul ti ng
in a measurably clearer sanple. In certain enbodi ments, the centrlfugatlon

i s perfor thag ax theblstmentgiamooxyre @S@(B@Hton%ﬁ@MQéeﬂYﬁﬁr ﬁleiﬂf@ﬂer%bllnythat about
15, 000 t. t
& ar ry o bR ROy R R 308 TR BB ESAN YaBhaiRfl ortle %R i s

cal | ed " dpadctesditoftabhy QEllaﬁficatWﬂ?rs%pﬂswrd with tevadd dipkidilaye tiavatiisleca filter
medi a under applied pressure, and particulates too |arge to pass through

t he fiIteﬁ'ﬁBFSs accurul ate at the surface or within the nmedia itself,
whi l e snalq nol ec a h ihigabe S cularly
preferredtéﬁgkdlnen?g%Qnﬁeéggﬁgﬁgﬂggtﬁ?f% \5t¢#ﬁi ﬁFﬁ%&sgfﬁgggaggd nor mal
flow filtfratticn dosnppsidgor nedulisimgoxnfis| dubjecteidt to eangenterl sieve fdfratadout 0. 1

t o about 8.3 Iamy and. nor.e referablr ore |ze of. about 0.2 %H} ( See,

e g, Fi ghiazenkal QY THEAton F¥ pareseumie]lygrel & cuarersaasmei <hddhe or
nore clarifying step(s) foll ow the nucl ease digestion step. In certain
still nore preferred enbodi nents, onei2or nore clarifying step(s)

i mredi ately precede purification by chronmatography. [0044] Notably, in
preferred enbodinents, the clarified supernatant or filtrate provides the
botullnun1tOX|n contalnlng sanple for ‘use |n further purlflcatlon steps

o " T o, o, o




t he pre-chromat ography steps in sonme enbodi nents of the invention do not
require a tangential flow filtration step of a filtrate obtained from

f er ment atworotwlsoaree. That is, the sanple used for chromratageaply33sy
purification in sone enbodi nents of the invention is not obt ai ned by

subj ecting a soluble fraction of the ferngntation culture to nti al
flow filtPHIYOPOERY hédd CORfFAsE &p PR le BB 1iaHeR, Whete pdduntesi AT on uses

i nsol ubl eJmi&l b ltck IHGRHE%e ﬁﬂdéﬁpgllw Fésﬁir%a{fnet)an &b MRt ﬁl@l%tléﬁ‘ythét €p

where a fernmentation culture fil S su jecte to tangential flow
filtrati ofluidnmavesatn@mpelly eloognoentalkl &, sthft ubfa@e lod tthd mnmmattlQX|App¢1@dtpl exes.

Th f d enbadi t t f t
nvent | onPERRT RGTE: TheREBd FiP" ARy RS TR LRaR By TIREcBebaRrrg B o o

preci pi taﬁﬁra&@eméeswﬁlw Paftidult&ORRY %@o&ofﬂoteeu@& heb TaR0okdiBlags rfﬁlto%. hal (cell
debris). Chromatography Purification Steps [0046]Figure | A also i Iustrat es

chr omat ogn@pﬂnr@lemn’fi:sf prsactanredst Epkkeapeoradifley fibratient bowevenbibdireteined of t he
s L PYARMERR A BECOMIIp R, RO % SRR TRRLccoh LS LSRRy, e

chronatog?ap i C ying a non-conpl exed oXi n

conpri se pagsithly dosanplieidc eApéitsh p@f&fﬁdwmmmlémgmlgtehﬁﬂuww filtpkigral i ty of
chromat ography colums to obtain a hig M%UI’I fied, ghly potent,
non- conpl Bxegd te canentratsethp disobibdk nwter{ab ]qlerbrlé)eWﬂta| ‘ﬁhlé]i*r‘é]éf‘df’?fﬁﬁ’ﬂ@" a

conpl exedoﬁﬂéﬂé iU Béh“wiéﬁ? g&%{tﬁgqﬂu&{qu‘p@gs}]ﬁ;mf@ Akléjt‘l%ﬁﬂ &“t s using

a hydroph eractlon e.g., ure
captures (Sve, bgt, Higurel AL o Xiangé¢miat @iowl filxedorf parametshy, Isechabd pmersgae; fepdlrl ties

to flow through the colum. The col unm_used b r.ophobi ¢

i nt er act i GAVc PRI AW i#Ad thi i ?tm@UP?éBIF‘étnEé’ﬁ’ @a gfpg?@d%éhe &N as

But yl Selobék{c%ﬁt‘?atg%%ﬂ d:bﬁy"aﬁ&"t&' 'ﬁ?od%ﬂ’ce Rhepy co?f%@ﬁt?a[t&? @arﬁfg ﬁ@‘ﬂ‘éfn‘g' @bly

avail able from GE Heal t hcare Sci ences. I n sone e t he net hod

further cbwphnzgesommmdmplean|Ingiomhepastmutiﬂrbf ﬂroferthgidmbphmhﬁn@s ifort axaenpid, on

hr ormat f | oadi the col | inth
Phenyt - SopBrbeb iR Fsr e ABCh e <y B ebibrRla W Fiey b EEr ammont am
sulfate sgd(m] on at [pkbfe cihdRRerTM BEQSRPRL BolBihe o Padiing: t&Xihek

col ums, ffers and pH conditions that may be used include col ums such as

Phenyl Seﬁmafrczb@etonwleam dweﬁlogh Nugdbesse digebtom, caphiapitatSegpiabebnidge Fl ow
| ow subst| ' %é)bnwég)évl hsefi)lc : ne S Bl nungrfct)}ym c§%ﬁ) Ge%reg ¥hd t?ugs];oecrla Slfﬁh as

acet at e, pi perazine, gach in the pH

range of aé:rmuﬁ pfefbrréd crabédinchtsO nudtodse d@g@fleﬂi a&lwﬁﬁﬁgéntﬁl Slotvofinb@ivh 6. 5,
and even nore preferably about 5.5 Qher buffer and pH condjtions may be

det er ni nedd ¢ SHFIEHioHE o BF Foneitatedpentl dehiisbtained therefsers, @SekaBun in t he
art. basegif. RS  FGCLNMHC PR WABhARLLY dlbi mwa@ i d 0y bound to

theory, eved t ‘'separation |nvo ves the t
conpl ex t@djﬁﬁS(ﬂ o afiowa npbieh)@l @tvity ahd nmyoloajmdulsaﬁabwahicmre c&tmcbrhlssuts‘ttlep, whi |l e

o L ow oo, coll el XEd TS, 10, bl NSNS RS
respectively. Depending on the nuclease enzyme used, suitable pH may be about 5 to
about 7, preferably about 6. In some embodiments, benzamidine is used as a protease
inhibitor to prevent proteolysis of the toxin during nuclease digestion step. The
nuclease used may be derived from any suitable source, including animal sources
and/or non-animal sources.

[0042] In more preferred embodiments, the nuclease is obtained from a non-
animal source, to provide an animal-product-free nuclease and an animal-product-free
process.  Accordingly, the instant invention encompasses animal-product-free
processes and systems (or substantially or essentially animal product free processes

and systems) for purifying botulinum toxin which comprise use of a nuclease. An

animal-product-free nuclease may be made recombinantly, e.g., using recombinant
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[ 0048] For eluting the captured (bound) toxin fromthe hydrophobic
interaction colum, a suitable buffer can be used, as known in the art. In
sonme par twoubardsyo7pr ef erred enbodi nents, a descendi ng grawivsea10053389mMONI UM
sulfate is used. The concentration range of the descendi ng gradi ent may be
fromabout 0.6 Mto about 0.0 M apout 0.5 Mtq about 0.0 M _or about 0.4 M
to about Ea%erm, Yertie ror Mthii %ﬁl@tablafmlér@rgwa%mw@l%E%eh@ﬁﬂnfém%mefl d? exanpl e

descend nggradi Wa?aeoefnd%ﬁquQgeserfl%E Gn(NABCIORL: IS QoHMGN Qo fiRe (HBCL)
pot assi um chl ori de (KCl); anmonium acetate (NH40AC); and the [i1k

Fract i on( plocennt destribgd depindlatclqpeakligeatmorh gypickdlyt ieflieed , thasikiemwacid n t he
art. The peak fraction.,is typjcally found,..e.q. en usi,ng amoni.um

U tate. PR e PR pl B atiah aff doelBERabT g SIS o
preferabl yacahoul. &od cMihplcaRpatblyRed nhblcRNidOsld Rh&f BhaRbkcalRPWeiht25 M to

bl
about 0.0 M ammonium sulfate, while the pHis kept at about 6 to maintain
t he conpl exrpuritigarcan ke ranpeved b derithen pudifieshionatantng t he el uted botul i num t oxi n
conplex ¢ identified an sed, in subsequent. purification steps.
004071 n BR4PE: ¢ ea bhissinERPatiifle’ o tmPRInF bRy LRl DRy o
caused t obéksgattdiot iy fig\Rnifil@itios aRWloe Kieehtioar 01ty ierdeairfugreherr ed
enbodi nent s, the dissociation step is perforned after the hydrophobic

i nt er act i BHIAERRIREErOEY apHTusEEm ahdlBHIoBeTIeISH IS SElaYR SENP SHEWBEH aphy
steps (e. &%C’h SESHNOYURE 13- ce‘}féca’ﬂcf"cé‘lg'%brik ”g%&”%l%a%ﬁﬁf ?e%uﬁiﬁ‘goﬂ' pents,
n thods and systens ere t

the insta i nventi on enconpasses ne re
chr omat ognepdurably atgetr samplec uheceninf @i diments,ahe ceiltrifupatiog issydrfocmstiep to

another. That is, in an ipitial chronatographjc step, arget. conpri ses
a bot ul i niinf _%&iIH,OQBW%%BO%@a%%gi Hl%i;%gf%%a tat_caipahigﬁg@%ﬁo?ﬂ "% eps, the
target CconpHH&ES ahd okl fe_*?@&l&' bi fu4m tl@,’?P}(gkr%dgﬁ%ﬁ?in%tfﬁgatfidrpmm%iéa%' n

proteins such as henmaggl uti nin and non- nin proteins.” I n ctontrast,
t he processmpiitel horatl i flovFifgrateon] Blsonvdlodesdeatl randiit fdgraghywbtrepiuid hat ar e

all designed tq. purif otuli num.toxin c | exes. [0P50]).Di.ssoci ati on of the
bot ul | nunPsst firiifsb ety s e F45E R TR e Ut BT LR T G 851
protei n mMayphe tReHLERMfiltd ForouidRemutic Wedhs suffad or REhHNAWIddL ftEef, ar t
and/ or described herein. For exanple, dissociation may be achi eved by

rai si ng t wailpsmalcraibolgeulzs passghrough ae piyolditiatnt ki jomanprrdenlanhy makfcpedt ei n
free embodiments, the sample is mixed with ammonium sulfate and normal flow filtration
is performed using a filter with a pore size of about 0.1 to about 0.3 um, and more
preferably a pore size of about 0.2 um. (See, e.g., Figure 1A.) In certain particularly
preferred embodiments, one or more clarifying step(s) follow the nuclease digestion
step. In certain still more preferred embodiments, one or more clarifying step(s)
immediately precede purification by chromatography.

[0044] Notably, in preferred embodiments, the clarified supernatant or filtrate
provides the botulinum toxin-containing sample for use in further purification steps,
such as the chromatography purification steps, rather than the insoluble fraction,
which is discarded. This is in contrast with the process outlined in Figure 1B, where
the botulinum toxin complex is contained in the insoluble fraction from pre-
chromatography steps that do not involve acid precipitation, such as e.g., as a
centrifugation pellet, obtained from pre-chromatography centrifugation, and the
supernatant is discarded.

[0045] Moreover, and again in contrast with the process outlined in Figure 1B,

the pre-chromatography steps in some embodiments of the invention do not require a

tangential flow filtration step of a filtrate obtained from fermentation culture. That is,
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purification is not necessary, treating the conplex with red blood cells at
a pH of about 7.3. [0051]In a preferred enbodi nent and to provi de ani nal
free toxiwp 20hensewrepl ex is subjected to a separation preceds200963380n

adj ustment pH of the conplex in a suitable buffer Suitable buffers include,
but are not limted to, cationic buffers referably cationic byffers that
will not Mt &3mrle wiedyfor| %%a@aﬁgﬁan@%ﬁ%gmi R eroma CHIOHImGIS 2hi B

exchange R is o bBRliRAGA! LPRlchpUisbRibR FRGIHIRME GmontBfib® culfirs~ T1 | S,
tri ethanol am ne, N-nethyl direthanolam ne. A pH of between about 7 to about
8. 4; nor etptapgertablfipwbbttvetien. dbadhir, h dertagn @bodin®ng;, tlanpresos tinypmaber abl y a
pH of about 7.8 .is typically.suitable for. dissociating the conplex to

el case ¢ s ot ER GIRUR AR APCORPHPTR: SRR TR MIBr Bf or r ed
enbodi Mentgmeht@tio® ¥ @Rt GiltritBes Pl Qted Retabn@nt 1% RSN B PR to
interaction colum is raised to about 7.5, about 7.8, or gref erably to

about 8. OcorRentraig aptpble, borinyomtexentsoetilereat Jhus,he pedferset ¢ ipentdi that ed i nt o

a Tris buffer havin pH of ~about 7.8 to cause the conplex 1q dissociate
"nto §ndi OcaTEaRRsRe RsS of AR ek Hin BREIRe 1ef BE Reteb RiPedla

bot ul i nuMids@4i nispigod@d e pFeEpits Whd dekgred tskinr €onesloRYsI with Gtithr Sttt ed
conponents can then be subjected to one or nore additional chromatography
purifi cat ﬁ@?ﬁr@i@ﬁg,deé%ﬁh as ion exchange chromat ography steps designed to
capture and fu [ | exed toxin. [0052]1n certain

enbodi nent s ac%?ﬁaﬁ%agzgﬁ%nﬁ%ﬁggﬁ? n, the non-conpl exed botulinumtoxin
may be puf00dbEd usi RgguenkA alsoribiugraie rhenchagrgghic buofiattiogrsephycerdpg, (e.g.,
see Figure 1A), lon exchan chronmat ogr.aphy achi eves fracti.onati based on
el ect r ost B FEAEHARRAMTHE OB tedntanign leﬁ_'?r écgﬁrggw ‘BBt & O@mﬁa@ft@_@t he

col um maffkXiidiS cfrdntd ‘t‘&ér%l]]%ﬂc Hetides £6F Bﬁrﬁgﬁlgsa RES-cSRII& HORBERTN Wkiht S

i ndi vidual am no acid conposition and th harge of the colum matri x.

Cati oni ¢ Pempmsec passgez @obampls ¢raveisex bpodintiny eoxahahwagh natpliseliphef eas
anioni c ign _exchange col um ve a n negatiye charged matri x, Bound
ot e s CARTBLCRNGERUERY e T B piebly PHEN R BORRG R sBIbISEd (1 he

el uant) ceptedMhdBedoteoR@ ged substance, such as salt ions, which conpetes
with the charged matri x support for binding to the charged proteins. Bound
proteins M47be thudn feran andedews @ wemplexied fsfulinye: saxierigtshpastted hei r
char ge. ternativ roteins ma el uted. by adjusted th H whi ch may
' ter i herdt Ok Sletay EURbSSE, T ARS8 PR R SR L 8o e
char ged naiduix 1A) 00834 Ackaindtapdure® tis0 by 4k @b xit dn esvpgiié1vd nflosm ofvhilbe
invention, the m xture conprising non-conplexed botulinumtoxin is | oaded
onto an aRilSHnExERARges colfiown tralgh thes gelupmngydac oajumngsehmaY bhiagy col umn
captures Bg@r Pl%b‘i'é irﬂ&%&o‘?&&u&ﬂ.kﬂ%ﬁc‘iﬁr{ﬂé %%ﬁit&tﬁé Br SUADubRRL, &R LOXi N
protein an di ssoci ated non-t oxin protelins can be eluted I'n Separate

f ract i onsBufh&cpladroserFass Ebwregluine carbheayli Sephaoba AR, kerommrdidilyt dvailalsle

bl ot oS RIFASHbER JIBLEABLY" B STt SRR Bulr ™ "
conmer ci alh¥paWdi Ll t®nidOMCEaliR! Fhic %9%8131&6% SaicBRESR - cHrBmEBERiphy

particularly preferred emodi nents, a Sepharose colum is used. In
sonme enboté¢mentogding mtorétechadurfur tHoe exaropher fasase gonleli Phamyl SgphtanesertilRt ur e

conprising .the pon-conpl exed botul inumtoexin for anio xchange

chr bt ogr bRy BErarEN B Ph s Bhist P &8 b ham e P ST SBBET pebt ang o
condi ti ong_ aRy5EM hespRaRestis@ 10Rtindl DehcicBlughds! Bifférh and®@PHt édnditRins COl UM
used, as known in the art, based on the teachings provided herein. For

| oadi ng aHWt us®y ibs usrd Ewlugencolamgs sushyj asaBhenybubdpaptse desudidow bighar e not
limted t 1 oni f ref.e .Qni ¢ Wi not
nteract SR feR P ier Sy T ARl bR S AST SshiBbichabl Cor um.
Sui t abl e Oatyil Bupharosd; fifferd BEdhUAE ac&atd, citrhtd, SVIEB] $isfidling, pipeteideanall am ne,
N- et hyl di et hanol am ne. For | oadj nlg and equibrilating the col um, pH of

- a pH
bet ween aB@ifnate, sachdn gl rages of Ao 4d} terabprbl-§ BeteseiRraibothout42 o about
8.2, and sheah) % {12888y 575 BOMRY. bRHSREoH coh@HSA mEpr
el uting the cgﬁ%urggé‘?toage etegxbliI gﬁg 5c')st'her dibgsgm at %Cgo%pg%ge%lt from
t he ani onbexdcteanged ¢® bptimize ayiddiftcmi b galtidufaercobmm beedusekinovas ik thevant,i n t he
art. Exanples of suitable buffers inc e, for.exanple, sodiumchloride
(NaCL) :  aRerepoRALSIuRiIER) Do HEd IR W&IO%W@%B‘&FP%LW&P ¥ Breedetigd
enbodi nents, an ascendi ng gradi ent of sodiumchloride is used. For exanple,
a sodiumchloride buffer having a comsentration range fromabout 0.0 Mto
about 0.4 M NaCl, nore preferably fromabout 0.0 Mto about 0.5 M NaCl, and
even nore preferably about 0.0 Mto about 0.6 M NaCl may be used.

I mpurities separated in different fractions may include, e.g., one or nore

. Y b1 o -



can be identified to provide an eluent conprising a non-conplexed botulinum
toxin. The peak may be identified by nmethods as known in the art, e.g.,

usi ng HPLWZp 20m8i5e072 bl ot anal ysis, ELI SA, non-reduced SPETRAGH)/0833d9t he

l'i ke. SDS-PAGE under non-reducing conditions, for exanple, can identify the
about 150 kDa toxin band, whereas other inpurities wll ear. at bands
corr esponetlﬁrfqe@ ghag ﬁataraéwnm(éwﬁég&ngﬁf thedpig fomp fPF%tl?n&P a PH¥ tl‘b"tﬁrrpl exed

formmay th d,t st eps.
100561 1 1 o S e B IR 820 S eba by
SDS- PAGE. flaw thivegk lsuth es ear tshsdlor protdinsapprleciaaide, an$08: IHAGE anal ysi s can be

conduct ed he ab ence or presen f .age ts t hat. cl egve  di,su flde bonds
s g o)

present pr ot €Ph f‘(tmlb% th fof? PEdy Ty BsndvHiophgbic

respecti Vﬁitéﬂictldrzloéolﬁﬁﬁﬁr@'s%itaﬂl’etﬂhffeﬁ%ﬁﬁ% tsedbet WhbWH M tAXiaf. t ¥PGole t he
mature and active form of the botul i numtoxin type A protein nolecule is
conpr i sedpaticelady mfylﬁecbtenﬂtedmmtmg dfscaging padiedt 90 akmloniws pelfeteviel y,

whi ch are h t oge r ..ky non- al,ent i.nter ans 1asy i sul fide
bond. vne ot LI SRR ERRH <SS ERtndifd BHARMLARS BT bpfn8al T
assayed U #tgunor- KMedbeitrogs Mttdattdut)roa) M, e ab@ttLd 4 MO Bisodt 0.0 WReOfepr ot ei n
nol ecul es mgrate as a single protein band of approxi mately 150 kD and the
measur ed Pufig yuff@rSﬁ%stsqi gietusde, foi gRaroBigdeyrrafing peadittept sadn oxi n
type A pr n I b t dynami c
range of lg‘h@ n5| to?fe% (%eggﬁaél s°‘suﬁﬁ %l&ﬂie H%ﬂt)egftngrﬁtngﬁ? npurity
bands res aktetteitag[NmOaAd);eaﬁdthbd lﬂmrl Fyacﬁbn(];})(&%ltatﬂh@ at jm@dtn;tppeak bt bki num

toxin is over. such that the ma toxi n ban ove the d ‘nam ¢
range of t%@tl}a%‘ﬂé‘? B @ th et%nﬂéeoﬁ‘tiék%aﬁﬁ?n isrﬁswgltsyf%laﬁd%g oy %e &t ect abl e
(as much Qﬁn{%n&& sul[fQ951Y1] A"@M\Edéﬁ{ratld’tpﬁaﬂéé he a§9§ FAGE BNBLYSH D Mf' nREUl i num

toxin type Ais conducted under reducing conditions, then the disulfide
bond of t hefdrabblylabonird).3 dkiormbost @D éavaeld mmwdptdﬁ@rahatabbutrﬂ;m Motei abouty(b@ A

protein mgrates.as t C en cuI ar  wej,ghts 0 .kD and
50 kD, " r obBRBIOD s GRTRLES B REHUAPER g REaRy RGBT o Poaded
such that it iR fARtiBnEPESItARIng e ébtétl%ohﬂﬁzuﬂmﬁﬁﬁ' ®nipdd@nde il&rifdgRsEt onet er
and the SDS- page is run under reducing conditions then mnor inpurity

speci es cawdbeshbﬁﬁ@u@asuﬂlﬁ}ca@etle@ped For instance, under t hese conditions

t here may S nmuc 978 P D |es sen due, t o i,nconpl ete
pr ot eol yt C pfocess?nng%é C%mfeg%r%trélntg |o’ﬁ“”ér% OHE\PeeerSBtraglggslg Under
these congidstdn® tm0C1W9m6| geepaoaeﬁ»&ompekd@ ﬁ)rﬂnOXI M pecR@uctprefeatyri sed of
the active, cleaved 100 kD and 50 kD pal ypepti de chai ns that is typically
greater tFRRoGEBRBF theodispociptionestep anactigrmmed) tfr@éltbe dWeEPaPYIE HAKTE9H of t ot al

t th
erai |5 of ¢ e bBRHBRRE hOf BERT LRS! tofok MRk RSP PORH T v,
whil'e thelhgr egmcctgdmgazrrphe mmu:epsmferﬂadt teh1bnd1metnm;| thet yipgak, ihvemtioki | | ed
artisan wll Erem te that the SE) ﬁGé}anal ymg describ d her§| n can be
readi |y af{OruRSEd Snd RSt Whgre dhe JirREpiogEaPBic piest Bp e difeim toxin.
[0058] I nfgRlddl dﬁr&ﬁ&@&'aﬁﬁ@%&Plté Qﬁ’otﬁéﬂleﬂfat fsrf?mn 1H§1aﬁatr8ffﬂaﬁ> oEht Wep,

conprisi ng non-conpl exed botulinumtoxin is |oaded onto a Eat i on exchange
col um (ste, terggt F@rglumses 1A) .bokdtrabi ytoxirhi ene@éxy mwizreas aaptsubwgu@he

bot ul i num_t oxi t e .taxi and

G ss0ci at BOTBRE IR TRoRs e SaRbiseSitE Rt op tr el ap S SRRt "The

col um  usgéh-FRYn Qﬁoeﬁm Gathi @9 HeelagPRtKMOWAd | ibnt I@nAptutmed t Eﬁtsf Ofn
separating proteins, non-limting exanmples of whichinclu an SP Sepharose
col um, | ARIItuah, e 1SPose phtingd én Erzury 1S vakyss chsmatemrapis| ssws thatnpspall S

col um; Sour ce- 305 colum, or preferably a
Sour ce- 15 %n[%ﬁ% 8&\rbﬁttho(?ulﬂ%h trog]:ﬂa({alnﬁﬁ%x\%l | able from GE HeaI t hcgr e Life y

Sci ences. [005050Me em3déintdgt 9f thbehom@irnd tdxiii tdoipl ©O NP rprsédfe Ctho didni- oNi Ng

the eluent fromthe anionic exchange columms conpri sing non-conpl exed

bot ul i nunf%&heﬁect BrrugaT SAXIBEREHGBAL MCHIFRICHET AbRyIUBICHI0E 1a¥ads-Hg 2dnt o t he
col umm. o :2% he pH of
t he el uent el ng E{at eg%grﬁi%{gﬁ%g% IE’%S‘I Fcfrlr%g\a}\@ als@#@%g%f%% mgaof t he
free toxi bytrmlshllgethecp}hrm abéatr 7.6x anpihegmbdiempitds danvioeh rmimmtl gproech Wiet hi n a
range of from about 4 to about 8, preferably fromabout 5 to about 7.5,
nore preferably fromabout 6 to about 7, and nost preferably at about 7.
Further, in sone enbodi nents, the eluent fromthe anionic colum can be
treated to reduce conductivity beforetsl oading onto the cation exchange
colum, e.g., using a sodium phosphate buffer, a non-linming exanple of
which is a sodi um phosphate buffer of about 20 nmM NaH2PO4. For exanple, the
eI uent fromthe an| on| c coI um  may cont a| n as rruch as about 0 15 M NaCl SO



are not limted to, anionic buffers, preferably anionic buffers that wll
not interact or will not substantially interact with the cationic exchange
col um. Swotabhlsoeni oni ¢ buffers include, e.g., as MNES, PHERES)10a8338¢ he

i ke, and pref er ably sodi um phosphate buffer. For | oadi ng and equi brilating
t he col urmrsfa H of between about. 4 o about ?}ﬁ) bet ween _about 5
to about PUBHCAHgRds SPEPeGeatiry ¥SabAE 4 %ﬁ?mBlef‘oW%lbé s #b&tPES okt er abl y
a pH of abhgif -G 8 to about 7 may be used. [0060] For el ut| ng the captured
(bound) toxin fromthe cati on exchange colum separately from ot her

di ssoci at #95hpn- t oxim appefeials cmhddioteherand ntpupliowidesanimabLﬁeteatmb(én, bthéf er can
be used, as kn in e art n _sone rt| ul ar,| d| ment s,

on ascendrRBPER riiiels oduesptineh Porr et ta d Yol e EHRAEK v at  on
range for jf hguisMi Hﬁlﬂf&hhﬁftétﬂ@bgff@:‘éhﬁd]ﬁd%ﬁt B ok %E’ﬁli%@%tca@loﬁlc'\ﬂdff%r@bom 1M
NaCl . Oher salts that fy be used i ncl ude, e.g., potassium chl oride, that

may be uspwfeably cederde hutfensitioat vgtlangit erﬁ@ra@tforavblélmot@ub)stmﬂtdﬂy aougct Wit M KC1.

Fraction( cont ai rod ak .can | dentl | ed | n the
e The. BeafR el RoRBRE SlBRO AR, BT M Lo o B

cor r espongidiighnbRindhe Utl- rﬁbt@yll\dlétﬁa@ﬂ&ﬂineoA4pW| d‘ﬂa@lweeai atoup ©f atﬁ)laDQM 6.7.
That is, the fraction(s) containing the el uted non-conpl exed bot ul i num

toxi n canMee Pesweblyibsvecs ahont 7 deo ahow §idnands mgsh Rrksrabiy p ol ef abutimm
conpri si “9 8”8 “[Kg%%lu%%% Uc{ %B&'&hﬁgﬁeﬂco&l@ﬁ?% GLiE.ahb BﬁoH %’Ierx%

enbodi ment ent e cattonic colum represents A conpl exed
bot ul i nunbdatnknmo(fmm ghsq:mer pérticularhy prefidrregi @ﬂlbi)danehtk]afm agniplghhaptiofi ty. In

cont r ast ess out | i ed in Figure 1B provjde 00 kD bot ul i num
t oxi n typel %ﬂ%ﬁﬁf&@@ irenheDR ipteraciip @Hkumwrrﬁlﬁ?%a) At nﬁb%tgoﬁ 85t ul i num
Toxin Pr 09&@&@11519%14%% et rF‘Bij%x n?165¥1§t581r1’i§ éi‘l?éd&'iﬂl&ﬁg m@r&h&lt%ﬁ' yseful to

provi de a non- conpl exed botulinumtoxin of high purity, in yi el d, and
havi ng hi diiuted trite iatBris 8éfer BxeinplagH obaloon/ STheapyedtiacomplx b sltssmceadl |y

stabilized and caonveni ent use for . th ti on of saf r maceuti cal
Soamosi &1 O M ORE s P R gl FRE B hOT rGnB R p BT

non- conpl exadpRadisl H‘ﬁé%sﬁ;ﬁﬁig&nix%r@tcoh@ﬁ&h %lmaélat%@%ﬂgbﬁentﬁéﬁf @Beabky at

| east about 98% pure, nore preferably at east about 95% pure, even nore

pr ef er abl yutmctfrdeh)s@neabbmor@sddlpqmaé chwtmgphypp@mféqaabnyste@s, $1@th8 ighout 99%
pure, or b ur "Pur.ifi o] m t oxi n"
ot or st 0 S HARED HioptPatiuly Seps, kel o EMGRTRAS SRR CHT AGY o,

subst ant i abhplek&Pdoained, from other proteins and i rrpurl ties, which can
ot herwi se_acconpany_t he non-conpl exed botulinumtoxin as it is obtained
froma cul®3?k or fmﬁémrh@mmfilﬁ%@@g%or ing g her inEentie nthe GRpIeeR®Exsdt ul i num

LorL el S PP e SNBSS 6 Sl SOy

t oxi n proktepd) (e@npiek Fagur80PA)Of Idrotadhapgotiomatography achieves fractionation
based on eclectrostatic charge. The extent to which a given protein binds to the
column matrix is a function of the protein’s net charge, based on its individual amino
acid composition and the charge of the column matrix. Cationic ion exchange
columns have net positive charged matrix whereas anionic ion exchange columns
have a net negative charged matrix. Bound proteins can be selectively eluted from
the column using a solvent (the eluant) containing a charged substance, such as salt
ions, which competes with the charged matrix support for binding to the charged
proteins. Bound proteins can be thus fractionated on the basis of the strength of their
charge. Alternatively, proteins may be eluted by adjusted the pH which may alter the
net charge of the protein thereby altering its affinity to the charged matrix.

[0053] According to some preferred embodiments of the invention, the

mixture comprising non-complexed botulinum toxin is loaded onto an anion exchange
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present as determ ned by or other suitable analytical nethodol ogy,
non-limting exanples of which include SDS-PAGE, CE, and HPLC. For exanpl e,
in some pweherwmsdo7enbodi ments, the cationic colum el uerCTaseEi0sI3ag t he
non- conpl exed botulinumtoxin is at |east about 99% pure, and contains |ess
t han about 1% of host cell proteins that are not the approxi mately 150 kD
bot ul i nunfRlERRHeSris§F AAFUs 16%%\@%5‘91% thesoredymp saRiyrRs the ?@ZF@H {HBIBI ment s,

the purifjgdc gre_%mirﬁfs QAP ot kMMt St ARG dRRo@SEd YibhYo3h ﬁ%teﬂneast
about 150 LD50 un f I | east about 180 LD50 units/ng, nore

its/ng, preferably at
pr ef er abl yamabe lehasd imlbeparat FoactiDa Jhet®lungy usete mayobe apy ehienalymat | east
about 210, LD50.units/n nd nost preferably at |east,. about 220 LD50

ani 5/ ng. TR 81 SHeel RanSRIe e P i J0 BT DB SR O

i ntraperi yp@aincliiceot Kephakd¥eoHPe MR RpRosS FNEDSIRY, & ¢ Xeigbhagsabout
18-20 granms each. In other words, one unit of botulinumtoxin is the anmpunt
of bot ul i pemmeskdlly avelabki frpm 6Eodletlthearyr bifp Sficnicesralle ©wiospariiebletler i ce.

"Activity" i.s used intercha b herein with related expression
b1 ol og LR G ERSTT EORE S e ot .58 " HE SR BB et s on o
a bot ul i ntherh@kbddfur{hePEshprikep c@idetidrink Sirrieistui®e tdrapridifethd @on complaxed
bot ul i num t oxi ns obt ai nabl e % processes and systens described herein

§1

denonst r ab@uBrEn dejiie 401 adqn chgngeTigemategraphy peferelopdiag ontsolic selMyL. t he
bi ol ogi ca (YA G - i : :

pur’ 1 cat T Sporeie b hkbEcbiaiBond ey BE A0k 810 Bhirh 02y P BOm the,

i nvent i onparéivelar tdlomghusadrastkawivn iprtind edtNisasedbdn vied yadssgcpratiddd Weten. t he

t oxi n prot.ei re renoved during purificatio In even nore preferred
enbodi ment 8t Q@ﬁl&gﬁegéﬁw gt calvde Wi ﬁlg@_&ﬁ‘g@&&w g@fudﬁf b € 805 Bigih

par anet er g Wiatibhi §itfers SRRy tdAfohiB VRO Mat SwBIORSH Rt SNVR not

repr oduci bl'e. For exanpl'e, the potency neasurenment can be made with | ess
t han abousubsGsieldy iiatioract twith phreefeioabéxchhmgss coliamn. Rvctable 3&8toumr bafiterbi ty,

nore preferably | ess.than_about .30% variability,..even nore preferably |ess
Chan Aboul™B86 ¢ar: i TP aHaeer e neraty G Eiane B P T505,

vari abi |'i kyd edudSiiadidd1th QBRInRY, @ {p®f 6t eedAQBOIEND $o aBdue 8 Y okd prRFdrMy Pr ocess
provi des the non-conpl exed botulinumtoxin in high yield. For exanple, the

yi el d obt hétweean phantn/ Jgo [abert &a2;faad meast prcfasebly alptlefeabony7 Banagtbelusedt about 30
ng, prefe Ly at | t out , 40 r referably at | east ab 70 ny,
even rmref@gg?/erabl ggétel}%g%tthgbg%?uggo r(rgo,lglgﬁd%r)?%lsté/nﬁir eq“ﬂéerrat%illsﬁgcégt%i&east

about 90 BEmpERhTsEERO i dddort &clandeadothindd, aafuithidadtiffab@utbeised/ab knpwef er abl y
at | east about 1.3 nore preferably at |east about 2.3 ng/L, even nore

/L, .
pr ef er abl {1 e _We@é‘ﬁ%ﬁé@f syitaplayyffers malydader cpymlesapiup drlonddNaChhout 3
To/ L, T eSREPoKELim LoRYERKTR © 1A GhE! LeficRARIIMIRALS, chfiGuih ik dapbt ai ned

using a given set of processes and pararneters hin the scope of the
i nvent i onascsndieppoditmt bf endiochlexide wed.y Fet ckaampie, hasodmaseh @ddouffer| ess

t han about 40% variability, eferably |l ess tha bout 35% variahility,
more pref éﬁ‘%‘&%@%@&“f@ﬂé‘rﬂ%&%‘gfwmﬁ%&ip ME? phaty 04NN Per Pef Bl y | ess
than aboukogpioaini (BRI td hout A MIBRICI PLRS 8FAbhYre! Sefrivipar@Rws Qe
variability. [0066]1n some particularly preferred enbodi nents, the purified

non- conphkleoved.Gdd uNa@umay dei nseds  bhabrites daparagd por diffesat ifientionsi mgy t he
processes. aggi s%stems descri beﬁ) her ein. (IBII h%s been, bel ilgved hatt r enoval

of associ JEEHCRGR- OB PhTSFOPUTI&T PO Hoft st SPRP ESmHceLS Ytich as
bot ul i NUMbRIGx h¥RegduGRRRInGYor doRSBkinSndrh@ndmikRH Yroi&ias akirgetatsyl i num
toxin product. The instant invention, however, provides nmethods and systens

that can SewnipgiaswyPALcs PPakecantistidenitifigeh asdstionn inithernastit Theseeskinaayeabomwon- t oxi n
Fo mai nt ol SEdple Reypots 8Pl By BEaEPE R bbbk LE R hfe P oc0ss
enbodi meng s, anepridfetisbRBchbeYST.8 Foraesaidinyed abeiite).08 M to about 0.18 M NaCl.

Conversely, other impurities may elute at about 30 to about 45 mSem, corresponding

to about 0.25 M to about 0.35 M NaCl.

[0055] The fraction(s) containing the eluted non-complexed botulinum toxin

can be identified to provide an eluent comprising a non-complexed botulinum toxin.
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provi de a non-conpl exed botulinumtoxin that requires very few
post - chr omat ography steps, e.g., in terns of maintaining stability during
st or age, woadoiwmsoeens of applicability to pharnaceuti calPcuamssolobssssexanpl e,
as known in the art, amonium sulfate may be added to the free botulinum

toxin to epare an m sul fat e suspensi on for storage. The
conposi ti ﬁ%@*@gesd%yumeﬁmﬂ AP i G TR LGy be

readily smgeﬁh bl'at %n51?§1§|]9191r89;[ Qfon%&lu gat@s @mﬁ)eanﬂ%elﬂk% rebgimued for use
in pharnaceutical app I Cations. Indeed, the stability, high yield and

purity, anuddeninph-radetinpoeidtiant fpotangje, on‘antltielttfymhm abdttal SabDe tdnsln met hods
descri bedbhrﬁfe F facilitate gharma, euti cal t e of the purifi ed duct as
descri bed"® oW ORI HRY AgRCAB A% AR SEBFES S8 BUEEL | num

Toxi n [ 00GRIcEORs an]!nscél(féﬂt%ﬁﬁﬁrl@f?ﬂgtﬂ hEHBBhIXk Y ok thaetheR 1R cB@d!te this
i nvention can be used in reparation of pharnaceutical conpositions

conpri si n@lrthfreclnromatoga@hm tctien sty edi ent for administration to any
subj ect \rlvﬂﬂ) uld r cel ve l%ﬁ% qﬁg)'réfgféf %%H%egp%)ggceu |calr%%%sga)85| tions.

In prefe rrbodl nlwlsro'nltle pa rea

pr ef er abl gDSUPERAE. ‘ARG MaGIeddt aﬁ@hn GAlPpirédiNe” SBS-RISEGH hirtgisncaebers to a
formulation in which an active ingredient can be a botulinumtoxin. The

f ormul at i 6eNANFIcH 1@ dinr AispnogtoT|RERss RCOPlea B that e idigHidsi hands arrgednsui t abl e
for di ag”ﬁ{% telﬁ gﬁe{]al?&{‘}édﬁ%mg /r‘eq;hc%gpg O5dIBEsC r@sg%t{vegﬁpaédr A

subj ect, uman arnmaceut | osition can be
liquid or mthlrespectamdadmimuhetoanstytpglpe the mandre land:actp@rfenh of yist Borulifuon exanpl e

a Iyophlllzed conposi t.i on re onstitute d|| .suc s sal i ne.
[ 0069] Anot%¥ét YRS EBIOIGR Matery wecﬁmpalﬁetﬁ?%‘wocie@y R %{] Ml K gt
purified beip ké&Hé@t&@P&' Whitl £EHLIA t&ébtﬁ’er@)?tdo‘ﬁ%valeﬁdlﬁle?é&lbﬁééé QB 188 used

herein refers’to provi'ding a pharnmaceut i conposition to a subject or
patient. ?ﬁselfqdhdxondcéﬁmrnbd)tuhmmwmltmc Agyodhecddryi the m\@nede bsocessny net hod

known in the i nclu €. 0., intr cul ar trad |,

e anasarssus! insoiiaiianie Sufiney HeRORRtnoxdn wBE A ralfid APEERES | on,
intracr anhﬁ%rate' a3 GREE lpir&élﬁéﬂanél bf Bpﬁro%ﬂr[ﬁltély 350 &D 1Y th@indaQBtE lirity is
(transdermal) and inplantation (e.g., of a slowrel ease device) routes of

admi ni st r &wiwHy glrwtqréhftra%r%pr\’@h@rtﬁledehbm tereinttgpe Anwoisuy amewd lepsiad onpl exed

bot ul i num 1S pcall or itions
ns. descri Buctt fmgisRATLTREWREE RS DRI Ypl ofdly Y RESRD i BSAE!
11/ 072, 0265w, lﬂé@?@et@@tﬁblelﬂdpﬁﬁ‘é}l 29ds ra3tiding 24 1 5doa@82d pUhitycdt 100€. hehehy
i ncor por at ed by reference in their entirety. [0070]In certain enbodi nents,

conposi t i BISYROAPPAIlHEN HEM Eomysriesdd sk @t Wtwﬁorﬁm. brndrs ahewsnihem
sulfate Sﬂﬁﬁ%ﬁé' Q4 é?ad? e H&%ﬂbin%teﬁoﬁi%w%kgﬁé’ hidbP ithpBRAS TRERU i gy?ng

conpositio or e arrpl e, an amonium sulfate suspe SI n conpri
non- conpl dxtedalo(asl mmthnastleX¥o protein can be centri fuged to recover the

protein a e protein can_be re i zed,. di d, and co unded wi th
one or f@SBﬂar mac SQPEEt We%éf&‘e%@g %é]{%%?léi?léﬁf E lﬁu’?}éP’Elalt nﬁg‘%ﬁédi ment s,
t he phar ”E&%E!eﬁ%d&or%ﬁﬁ?éih 'c&ﬁhlﬁ@ﬁé ARARKE 8%uﬁld@%n8%@‘%eeﬁ@cghﬁ% Yhdipum toxin
as an active pharnmaceutica |ngred| ent, and may further conprise one or

mor e buf f erczi@avcéand thedotdinabyi tokngypg Amreteer Wigratoess aeddommpopantk hagnagent s.

The phar nac cal ) ﬁ I v@er for storage
and re- coﬂlé)? lgﬁggg?ﬁ]b{’ i]fg)n Iﬁggg K 8%8&?16 X, e‘g’P LUl
descri bedyherepldtaan 1@5&,\4' isdleh thab@kuhdin mcte@&tdﬁatiome alef(gmmnmrahg@w tﬁé' y
suited to pharnmaceuti cal §)p| ications ternms of ease preparation.
densitometer and the SDS-page is run under reducing conditions then minor impurity
species can be more easily detected. For instance, under these conditions there may
be as much as 5% of the 150 kD species present due to incomplete proteolytic
processing during the fermentation and recovery process. Under these conditions the
inventive process yields a toxin product (comprised of the active, cleaved 100 kD and

50 kD polypeptide chains) that is typically greater than 90% of total protein and more
likely greater than 95% of total protein. Thus, the reported measured purity of the
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[ 0071] The pharmaceutical conposition may find use in therapeutic,

di agnostic, research and/or cosnetic applications. For exanple, as

di scussedwabkounsodrot ul i num toxin type A is clinically ugetd/useomnsmsse
neur onmuscul ar di sor ders characterized by skeletal muscle hyperactivity,
such as essentl al bl e rospa m Str gl sSmus er Vi cal dystonia, and

gl abel | ar q%%ep(ep%? inRT s SRR Gk, methad employed, agsissqribsd herean.

non- conpl %ﬁﬁerﬁﬁp&%mié%ek@)r %H?ﬁé’le'x&ﬁg] Tot E3tlcBinls ool €65 il TAorRy f or
treating humans. See, e.g., npari son of e éffect of
bot ul i nunskibed artiar Boﬂ@ppr)ecmet that He W@mAGlbunamsleeﬂemﬂuedﬂmmm cfiNbec201) in
t he extensor,. di um bre t est 000; 15( Suppl

5y 165, - AROURUPR OdRos BT e sl PR REREY  conpostti ons
are prefe[@BsBy prepaf e&rﬂdﬁi nanm&qultﬁéeémmt YtdnUMct QXidhic a®l@RRosed to
a botulinumtoxin conpl ex. EXAMPLES Exa ampl e 1: Conparison of Inventive
Process wremhp@sing tof-cepiSserhbeal i eds i l0adka] e pfcrden i:mhgngﬁf column
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using a sodium phosphate buffer, a non-limting example of which is a sodium

phosphate buffer of about 20 mM NaH,PO,. For example, the eluent from the anionic
column may contain as much as about 0.15 M NaCl, so that diluting in an about 20
mM NaH,PO, buffer reduces conductivity. In some specific embodiments,
conductivity is reduced from about 12 mSem to about 3.3 mSem. Dilution in buffer,
dialysis or other methods known in the art also may be used to reduce the
conductivity.

[0059] For loading and use in the column, e.g., suitable buffers include, but
are not limited to, anionic buffers, preferably anionic buffers that will not interact or
will not substantially interact with the cationic exchange column. Suitable anionic
buffers include, e.g., as MES, HEPES, and the like, and preferably sodium phosphate

buffer. For loading and equibrilating the column, a pH of between about 4 to about 8;
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Table 1 Q/rtr)lgloéllmeegtss%ﬁ uen gt Cest%e ¥181r1]1tc| & urlflilol(r:e%?essen (s)ta 1'JEIIflon-complexed

botulinum toxin of high purity, in high yield and having high activity. In contrast, the
process outlined in Figure 1B provides a 900 kD botulinum toxin type A complex in

the final eluent.

Purified Non-Complexed Botulinum Toxin Product

[0061] The methods and systems described herein are useful to provide a non-
complexed botulinum toxin of high purity, in high yield, and having high activity.
See Example 1 below. The product is also readily stabilized and conveniently used
for the preparation of safe pharmaceutical compositions.

[0062] In some preferred embodiments, the purified non-complexed
botulinum toxin is at least about 80% pure, preferably at least about 90% pure, more
preferably at least about 95% pure, even more preferably at least about 98% pure, and
most preferably at least about 99% pure, or even about 100% pure. “Purified non-
complexed botulinum toxin” refers to a free botulinum toxin protein molecule that is
isolated, or substantially isolated, from other proteins and impurities, which can
otherwise accompany the non-complexed botulinum toxin as it is obtained from a
culture or fermentation process. A purified non-complexed botulinum toxin that is,
for example, “80% pure” refers to an isolated or substantially isolated non-complexed

botulinum toxin protein wherein the toxin protein comprises 80% of total protein
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present as determined by or other suitable analytical methodology, non-limiting
examples of which include SDS-PAGE, CE, and HPLC. For example, in some
preferred embodiments, the cationic column eluent comprising the non-complexed
botulinum toxin is at least about 99% pure, and contains less than about 1% of host
cell proteins that are not the approximately 150 kD botulinum toxin originally present.
[0063] In some preferred embodiments, the purified non-complexed
botulinum toxin has an activity of at least about 150 LDs units/ng, preferably at least
about 180 LDs, units/ng, more preferably at least about 200 LDsj units/ng, even more
preferably at least about 210 LDsy units/ng, and most preferably at least about 220
LDsy units/ng. One unit of botulinum toxin is defined as the LDsy upon
intraperitoneal injection into female Swiss Webster mice weighing about 18-20 grams
cach. In other words, one unit of botulinum toxin is the amount of botulinum toxin
that kills 50% of a group of female Swiss Webster mice. “Activity” is used
interchangeably herein with related expressions “biological activity”, “potency” and
“toxicity” to described the action of a botulinum toxin.

[0064] In preferred embodiments, the non-complexed botulinum toxins
obtainable by processes and systems described herein demonstrate biological activity.
That is, in preferred embodiments, the biological activity or toxicity of the product is
not lost upon purification in accordance with preferred embodiments of the present
invention, even though non-toxin proteins natively associated with the toxin protein
are removed during purification. In even more preferred embodiments, the potency
obtained using a given set of processes and parameters within the scope of the
invention is consistent and/or reproducible. For example, the potency measurement
can be made with less than about 40% variability, preferably less than about 35%
variability, more preferably less than about 30% variability, even more preferably less
than about 25% variability, and most preferably less than about 20% variability.
[0065] In some preferred embodiments, the purification process provides the
non-complexed botulinum toxin in high yield. For example, the yield obtained from
30 L of a fermentation culture may be at least about 30 mg, preferably at least about
40 mg, more preferably at least about 70 mg, even more preferably at least about 80
mg, and most preferably at least about 90 mg, corresponding to a yield of at least
about 1 mg/L, preferably at least about 1.3 mg/L, more preferably at least about 2.3
mg/L, even more preferably at least about 2.7 mg/L, and most preferably at least

about 3 mg/L, respectively. In even more preferred embodiments, the yield obtained
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using a given set of processes and parameters within the scope of the invention is
reproducible. For example, yield can be measured with less than about 40%
variability, preferably less than about 35% variability, more preferably less than about
30% variability, even more preferably less than about 25% variability, and most
preferably less than about 20% variability.

[0066] In some particularly preferred embodiments, the purified non-
complexed botulinum toxin is stable during purification using the processes and
systems described herein. It has been believed that removal of associated non-toxin
proteins from a botulinum toxin complex, such as botulinum toxin type A complex,
results in a markedly unstable botulinum toxin product. The instant invention,
however, provides methods and systems that can stably isolate free botulinum toxin,
without associated non-toxin proteins conventionally believed necessary during the
purification process to maintain stability, as discussed above.

[0067] In some preferred embodiments, methods and systems described herein
provide a non-complexed botulinum toxin that requires very few post-
chromatography steps, e.g., in terms of maintaining stability during storage, and in
terms of applicability to pharmaceutical uses. For example, as known in the art,
ammonium sulfate may be added to the free botulinum toxin to prepare an ammonium
sulfate suspension for storage. The composition comprising free botulinum toxin and
ammonium sulfate may be readily stored in a refrigerator and later can be readily
retrieved for use in pharmaceutical applications. Indeed, the stability, high yield and
purity, and high and consistent potency of the toxin obtainable by methods described
herein facilitate pharmaceutical use of the purified product, as described in more

detail below.

Uses of Purified Non-Complexed Botulinum Toxin
[0068] The non-complexed botulinum toxin purified according to this
invention can be used in the preparation of pharmaceutical compositions comprising
the toxin as an active ingredient for administration to any subject who would receive a
benefit from such pharmaceutical compositions. In preferred embodiments, the
subjects to be treated are mammals, preferably humans.  “Pharmaceutical
composition” as used herein refers to a formulation in which an active ingredient can
be a botulinum toxin. The formulation will contain at least one additional ingredient

and be suitable for diagnostic, therapeutic, and/or or cosmetic administration to a
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subject, such as a human patient. The pharmaceutical composition can be liquid or
solid; and may be a single or multi-component system, for example a lyophilized
composition reconstituted with a diluent such as saline.

[0069] Another aspect of the invention provides for administration of a
purified botulinum toxin molecule to a patient. “Administration” as used herein refers
to providing a pharmaceutical composition to a subject or patient. The
pharmaceutical composition may be administered by, any method known in the art,
including e.g., intramuscular (i.m.), intradermal, intranasal, or subcutancous
administration, intrathecal administration, intracranial, intraperitoneal (i.p.)
administration, or topical (transdermal) and implantation (e.g., of a slow-release
device) routes of administration. In certain preferred embodiments, the purified non-
complexed botulinum toxin is administered topically or by injection in compositions
as described in U.S. Patent Application Nos. 09/910,432; 10/793,138; 11/072,026;
11/073,307, 11/824,393, and 12/154,982, which are hereby incorporated by reference
in their entirety.

[0070] In certain embodiments, compositions comprising non-complexed
botulinum toxin in an ammonium sulfate suspension can be readily compounded into
a pharmaceutical composition. For example, an ammonium sulfate suspension
comprising non-complexed botulinum toxin protein can be centrifuged to recover the
protein and the protein can be re-solubilized, diluted, and compounded with one or
more pharmaceutically acceptable excipients. In certain embodiments, the
pharmaceutical composition may comprise a non-complexed botulinum toxin as an
active pharmaceutical ingredient, and may further comprise one or more buffers,
carriers, stabilizers, preservatives and/or bulking agents. The pharmaceutical
compositions may be lyophilized to powder for storage, and re-constituted for further
use. Accordingly, processes and systems described herein can provide a botulinum
toxin in a form particularly suited to pharmaceutical applications terms of case of
preparation.

[0071] The pharmaceutical composition may find use in therapeutic,
diagnostic, research and/or cosmetic applications. For example, as discussed above,
botulinum toxin type A is clinically used to treat neuromuscular disorders
characterized by skeletal muscle hyperactivity, such as essential blepharospasm,
strabismus, cervical dystonia, and glabellar line (facial) wrinkles. Moreover, in

certain applications, non-complexed (about 150 kD) botulinum toxin is the preferred
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purity (98.6 % purity conpared with 95. S%purlty)

EXAMPLES

Example 1: Comparison of Inventive Process with a Modified Schantz Process

[0072] Purifications of non-complexed botulinum toxin type A using
processes within the scope of the instant invention (‘inventive process’) were directly
compared to purifications based on the traditional Schantz approach, further modified
by the addition of chromatographic steps to provide the non-complexed form
(Modified Schantz process™). Briefly, Clostridium botulinum bacteria were cultured
and allowed to grow until fermentation was complete (usually about 72 to about 120
hours from inoculation to harvest). A volume of 30 L of the fermentation culture then

was used in each of the following purification procedures.

[0073] The modified Schantz process used involved typical acidification of
the fermentation culture to precipitate the toxin, followed by ultramicrofiltration (UF)
and diafiltration (DF) to concentrate the raw toxin. DNase and RNase were added to
the harvested toxin to digest (hydrolyze) nucleic acids, which were then removed by
an additional UF step, using tangential flow filtration (300kD UF). The toxin was
next extracted with phosphate buffer, followed by three sequential precipitation steps:
cold ethanol precipitation; hydrochloric acid precipitation, and ammonium sulfate
precipitation, where the supernatants each time were normally discarded. This
procedure provided a 900 kD botulinum toxin type A complex, which was then
subjected to additional chromatography steps to provide the free toxin. Specifically,
the toxin complex was resolubilized and subjected to negative batch adsorption onto a
DEAE resin. The eluent was then run on a gravity flow anion exchange column
(DEAE-Sepharose), followed by a gravity flow cation exchange column (CM-
Sepharose). Yield was determined, the length of time the process took was recorded
(not counting the fermentation period), and the purified non-complexed botulinum

toxin type A was measured for purity by SDS-PAGE analysis and assayed for
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entirety and for all purposes to the
followed by clarification by centrifugation to remove cell debris and dead end
filtration at 0.2 um with added ammonium sulfate. The filtrate was then directly
loaded onto the hydrophobic interaction column, Phenyl Sepharose HP (GE Life
Sciences), eluted with a descending gradient of ammonium sulfate, and the product
peak isolated. The cluent was then diluted into Tris buffer pH 7.8 to dissociate the
toxin complex, which then was loaded onto the anion exchange column Q XL
Sepharose (GE Lifesciences), eluted with an ascending gradient of sodium chloride,
and again the product peak collected. This cluent was then diluted in a sodium
phosphate buffer (to reduce conductivity) and loaded onto either the anion exchange
column, Q XL Sepharose (for lots # 4 and 5), or the cation exchange column, Source-
S (GE Life Sciences) (for lot #6), again eluted with an ascending gradient of sodium
chloride, and a final product peak collected and stored. This process yielded non-
complexed botulinum toxin type A. Yield was determined, the length of process time
recorded (not counting the fermentation period), and the toxin measured for purity by
SDS-PAGE analysis and assayed for potency, e.g., by techniques known to those
skilled in the art. Results also recorded Table 1 below.

Table 1

Modified Schantz Process Inventive Process
Lot # 1 | 2 | 3 4 | 5 | 6
Process
Time 10 days 4 days
% Purity 99 n/a 97 98.6 953 100
Yield (30L
scale) 11 mg 0 mg 4 mg 43 mg 99 mg 89 mg
Potency
(LDS0 255 n/a 173 259 252 250
Units/ng)
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with 255 LD50 units/ng).

[0076] With respect to the lots used with the inventive process, lot #4 showed
a reduced yield, compared to lot #5 for example (43 mg compared with 99 mg) due to
a chromatography system failure, involving high salt wash of a column. With the
failure, there was premature elution of a portion of the toxin, resulting in the observed
reduced yield, but also an observed higher purity (98.6 % purity compared with
95.3% purity).

[0077] Lot #6 represents the results of a highly preferred embodiment of the
instant inventive processes and systems, where a cation exchange column was used in
the third chromatography step. As Table 1 indicates, this embodiment resulted in
improved purity compared with lot #5 for example (100% purity compared with
95.3% purity), while high yield (89 mg compared with 99 mg) and high potency (250
LD50 units/ng compared with 252 LD50 units/ng) were maintained.

[0078] As Table 1 also indicates, the total length of the purification can be
shortened in preferred embodiments of the instant invention. For example, lot #6 was
purified within only 4 days, compared to the 10 days it took to purify non-complexed
botulinum toxin using the modified Schantz method that involved three additional

chromatography steps after the conventional Schantz method.

[0079] The results indicate that the processes and systems taught herein can be
used to prepare high yields of a non-complexed botulinum toxin, at high potency and
purity, and suggests that methods and systems described herein can find use in large-
scale efficient purification of a non-complexed botulinum toxin suitable for use, e.g.,

as an active ingredient in pharmaceutical compositions.

[0080] All references including patent applications and publications cited

herein are incorporated herein by reference in their entirety and for all purposes to the
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and the invention is to be limited only by the terms of the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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filtrate conprising the botulinumtoxin conplex. 4. The nethod according to

claim2, wherein the sanple is obtai ned by: subjecting a fernmentation
cul ture cwoponigismg2t he botulinumtoxin to acid precipit @&Cirars2410/08d38ai N an
acid precipitate; and perform ng tangential flow filtration on the

precipitate to concentrate precipitate. 5. The nmethod according to claim
2, wher ei FLAHM anpl e i s obtained by subjecting an insoluble fraction of a
fermentation culture to tangential flow filtration. 6. The method

accor di ngWhst i ddimed is wherein the sanple is subjected to a nucl ease

di gest i on, bef one n%e?ﬁéjq gt %@ri%ﬁﬁ%h&’q{oﬁpcﬁ%ﬁ&e}i”B&&%}Jl Ot%xﬁl?'tﬁgnmechd The
nmet hod according to clarmo, rein the'nuclease 1s derived froman ani mal
product freeepgNingess. 8. The nethod according to claim11, wherein the
met hod is substantially animl, product frgg. . ,
@ providing a crude non-complexed botulinum toxin;
(i)  loading the crude non-complexed botulinum toxin on an anion
exchange column so as to permit capture of the non-complexed botulinum toxin by
the anion exchange column;
(iii))  eluting the non-complexed botulinum toxin from the anion exchange
column to give an eluent comprising the non-complexed botulinum toxin;
(iv)  loading a cation exchange column with the eluent from the anion
exchange column so as to permit capture of the non-complexed botulinum toxin by
the cation exchange column; and

(v) eluting purified non-complexed botulinum toxin from the cation

exchange column.

2. The method according to claim 1, wherein the crude non-complexed
botulinum toxin is obtained by

obtaining a sample comprising botulinum toxin complex;

loading a hydrophobic interaction column with the sample so as to permit
capture of the botulinum toxin complex by the hydrophobic interaction column;

eluting the botulinum toxin complex from the hydrophobic interaction
chromatography column; and

dissociating the botulinum toxin complex to obtain a mixture comprising the

crude non-complexed botulinum toxin.

3. The method according to claim 2, wherein the sample is a supernatant or

filtrate comprising the botulinum toxin complex.
4. The method according to claim 2, wherein the sample is obtained by:

subjecting a fermentation culture comprising the botulinum toxin to acid

precipitation to obtain an acid precipitate; and
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9. The nethod according to claim 1, wherein the purified non-conpl exed
botul i numtoxin conprises at |east one of botulinumtoxin type A, B, G, D
F, F and v&0 20tidsoofke net hod according to claim1l, whereiPaTiuse01p053389 ed
non- conpl exed botulinumtoxin conprises a botulinumtoxin type A 11. The
met hod according to . claiml, wherein the purified non-conplexed botulinum
toxin is at | eBsforgung pigpgentiah FlownEltiplionoan atheo PERCHYRESD 181 P16 atGher ei n
the purifgﬁgi- - conpl exed botulinumtoxin has an activity of at |east 200
LD50 unit /néﬂg 13. The met hod according to claim1, wherein the nethod
produces a yield of at |east about 2 ng/ L fermentation culture. WO

2011/050032PCT& 820% / 5338%; 1%. he thgd ac&&gding to ckg}nhl wher ei n
the anionPc collfmMfFiRod 4eRiding ¢ othifthe QM BLIS e Ss iSEPPITg Sof B sB¥har ose
HP, Q SephayjQs@ghatisoflthMra@od RafbrnRARRRARERuE % WiBentANdoWheglidh. t he
cationic coﬂunn is selected fromthe group consisting of a SP Sepharose, SP

Sepharose HP, SP Sephrose Fast Flow, Mno S, Source-S, Source-30S, and

Sour ce-15S col ) 5, The ,net hod, accordi ng. tq cl ai 1 whereij buf f er
P e R o n MR methe LR IRE BORAE 2T St eSSl 2 MBI B R ¢

sel ect ed hi@east dgesicilfe@nsidid agthethydidpiobibiigerhttich cdlirnet hanol ami ne, and
N- et hyl di et hanol am ne.

7. The method according to claim 6, wherein the nuclease is derived from an

animal product free process.

8. The method according to claim 1, wherein the method is substantially animal

product free.
9. The method according to claim 1, wherein the purified non-complexed

botulinum toxin comprises at least one of botulinum toxin type A, B, C;, D, F, F and

G.

10. The method according to claim 1, wherein the purified non-complexed

botulinum toxin comprises a botulinum toxin type A.

11. The method according to claim 1, wherein the purified non-complexed

botulinum toxin is at least 95% pure.

12. The method according to claim 1, wherein the purified non-complexed

botulinum toxin has an activity of at least 200 LDs( units/ng.

13.  The method according to claim 1, wherein the method produces a yield of at

least about 2 mg/ L fermentation culture.
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16. The met hod according to claim15 wherein the buffer is used at a pH
from7.4 to 8.2. 17. The nethod according to claim1l wherein a buffer for
| oadi ng twe 2nowmse0Tpl exed botul i numtoxin onto the cati ORCT/USRI10/0B338S

sel ected fromthe group consisting of sodi um phosphate, MES, and HEPES.

18. The thod ccordl ng to.claim17 erein the buffer se at a pH
from 6. o”E he msthofaccordingdq chimol ‘\gr??rgquae @nigni cpl %%rseier? frm ¢ he

ani oni ¢ cgj.u thscoml@mgoé tg Qe rﬁnaros%OHPT s@ﬁﬁa!aes(?é ﬁgsrmgwnana Q%EXE" m 1

wherein pH o e cationic c from®6.0 to t hod
accor di ngSthacdsai enlimmhendiwheacigrthdi e@fionit orolghuitis rsglet:twd fmmcdmpgreupd

botul i num toxi.n fr.o n|on| ol.um i cted fro

consi St nEBI AR b Sh ARG P HEooS S o SHTHEPY<aE AP 888 Bhel ng
gr adi ent ggu@glsagﬁﬁémgglﬁﬂlg%ﬁrce_mO%Qilnélr{l050072PCT/ UsS2010/ 053389 22. The
nmet hod according to claim21 wherein the gradient is used at a pH from 7.4

to 8. 4.

15.  The method according to claim 1 wherein a buffer for loading the non-
complexed botulinum toxin onto the anionic column is selected from the group

consisting of Tris, bis-Tris, triecthanolamine, and N-methyl diethanolamine.

16.  The method according to claim 15 wherein the buffer is used at a pH from 7.4
to 8.2.

17.  The method according to claim 1 wherein a buffer for loading the non-
complexed botulinum toxin onto the cationic column is selected from the group

consisting of sodium phosphate, MES, and HEPES.

18.  The method according to claim 17 wherein the buffer is used at a pH from 6.0
to 7.0

19.  The method according to claim 1 wherein pH of the anionic column is from

7.4 to 8.2.

20.  The method according to claim 1 wherein pH of the cationic column is from

6.0 to 7.0.

21.  The method according to claim 1 wherein a gradient for eluting the non-
complexed botulinum toxin from the anionic column is selected from the group
consisting of an ascending gradient of sodium chloride and an ascending gradient of

potassium chloride.
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23. The nethod according to claim1 wherein a gradient for eluting the
nonconpl exed botulinumtoxin fromthe cationic colum is selected fromthe
group comnsoWimgowk an ascendi ng gradi ent of sodi um chl ecras2@0ds53389
ascendi ng gradi ent of potassiumchloride. 24. The method according to
claim 23 wherein the gradient is used at a.pH from6.0 to, 7.0.

22. Tﬂe method according to clalf%rn 9 1 whereiIP the gradient is used at a pH from

7.4 to 8.4.

23.  The method according to claim 1 wherein a gradient for eluting the non-
complexed botulinum toxin from the cationic column is selected from the group
consisting of an ascending gradient of sodium chloride and an ascending gradient of

potassium chloride.

24.  The method according to claim 23 wherein the gradient is used at a pH from

6.0 to 7.0.
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