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segregation, for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoQJ deletion in B. subtilis (Ireion et al., 1994), mukB mutation in E. coli (Hiraga et
al,, 1989), and parC mutation in E. coli (Stewart and D’ Ari, 1992). Gene products
may be supplied i frans. When over-expressed from a high-copy number plasmid, for

25  example, CafA may enhance the rate of cell division and/or inhibit chromosome
partitioning after replication (Okada et al., 1994), resulting in formation of chained
cells and anucleate minicells (Wachi ez al,, 1989; Okada et al., 1993).
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In vivo minicell applications generally require minicell preparations of a high

purity, particularly with respect to live parent bacteria, free endotoxin and cellular
debris (including dead parent bacteria, membrane fragments, nucleic acids and

30 intracellular components) that might elicit an inflammatory response in an immunized
host. Moreover, the use of minicells in commercial pharmaceutical products will

require methods for purifying minicells to approved infernational pharmaceutical
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As an additional drawback, the gradient formation media (percoll, sucrose and

glycerol) employed by conventional purification methods are incompatible with in vivo
uses. Percoll is toxic and, hence, is restricted to “research purposes only” contexts.
30  Sucrose imparts a high osmolarity to gradients that can cause physiological changes in

minicells. Indeed, the present inventors have determined that minicells undergo an
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30  centrifugation, at low centrifugal force, to remove some portion of the bacterial cells

and thereby enrich the supernatant for minicells.
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In a third aspect, there is provided a purification method that comprises (a) subjecting a sample

containing minicells to density gradient centrifugation in a biologically compatible medium, and (b)
subjecting said sample containing minicells to a condition that induces parent bacterial cells to adopt a

filamentous form, then filtering said sample, whereby minicells are separated from contaminants in

said sample to obtain a purified minicell preparation.
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\ In another embodiment, there is provided a minicell purification
method that includes (a) subjecting a sample containing minicells to density gradient
centrifugation in a biologically compatible medium, (b) subjecting the sample to a
- condition that induces parent bacterial cells to adopt a filamentous form, then (c)

filtering the sample to obtain a purified minicell preparation.

The inventive methods optionally include one or more steps to remove
endotoxin from purified minicell preparations, and/or treatment of purified minicell

preparations with an antibiotic.
‘ 5a



Finally, the present disclosure provides purified
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25 Figure 4B shows fluorescence microscope images comparing the sizes of .
coli minCDE-strain bacteria incubated in growth media for 4 hrs in the absence of
NaCl (Jeft side image) and of bacterial filaments formed after 4 hrs incubation in the
presence of 5% NaCl (right side image).
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30 therapentic nucleic acids to leak out of the minicells.
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With OptiPrep™ it is possible to use either preformed gradients, or to form a
30 gradient in situ by centrifugation (self-generating gradient). Preformed gradients can
‘be continuous or discontinuous gradients. Preformed gradients of OptiPrep™ can be

formed by layering solutions of the desired concentrations into a centrifuge tube and



allowm ng the solutions to diffuse by sealing the top
of the tube and laying it on its side during
di ffusion. The preparation of isoosnotic density

dients with Opti PrepTM depends upon preparin
3?‘2&‘?“&'&%35% |l utions by dilution of QptiPrep7m %%T’ﬂ?@?‘ﬁﬁ“z“”
wWith an appropriate diluent solution. Selection of a
di | @imingdieaolmtimsetn diffasaioy $ealnkatlhatupexf$hei tgbe Mdmfidg it on its side
Wi t R di ki ner
aspec %%é@%ﬁ%ﬁgﬁh'n?ﬁ%% ﬁ%ﬂ §§WF“M%QﬂﬁE&qﬂM
gr adﬁ;pends upon prephdingahdien sblﬁh@s@y@lhlammaﬂ (])pth\%;mB 86lrthidnBwith an

medi um w ilte or. exanpl e, ensi t X
o PR el PR SR B fHERTGHizh and prieasclemoers i
ser wall whthin thebid@ArPLkIreSFacti@isnerexenpl i fied in Figure
1. One such serial filtration process is described in

10 PCT/1B02/04632. |efI that process. canbi nes
or oss. { | EVRPRF 5aoh e TPkt P Pambines dopsibl ey
e ngneifgsion fing Eﬂolc%[tﬁﬂjﬂ BB rhddivinh Vith FkelihefEhs! FOMxample,

is perpendicular to rane surface) $*éf ionally,
t hi SensShEedignt ceﬁmééﬁ#ﬁ%cqarbé@wwrw into geriahfiivetion process, as

- Cengyiehiplisiad inqriFm@tl Uﬁlé\’sﬁcﬁ%ﬁdlfﬁ%ongﬂfc&%us &ég%rat%ﬁer E-IE €

arent bacteri al and

rt
1(3(;??6@%@@{%8&3& Briaflyihat processiconbiaky tsoss;ﬁlcs’bﬁlttptwroﬁmdl fipw is
I
o D030 s By 10070 i o

Cr omsmbiaposuriace) ﬂptromllyd&pse:ombngmnca:nm Iﬁadeﬂﬂlrbymhﬁerenual
si z ate rom | ar r .CO
uchr BB ERAAR! il fored o R S St e Gttt
conteﬂin‘amhﬂnbaby smmdh tmsubemhtemtlfaﬂ minicells, Afsb epmmallﬁttmu n,
. hucl ei.c |ds r deb s..and exce

157, compbipalion o5 b Bl ‘PB%FeEE’S‘ﬁ?t&ﬂfqﬂa‘ﬁga“a bt bacterisl
nongglial pore size of cross flow filters should all ow
mnicells to penueake through the filters, but. not

| ar ge bs i al 0. 45 re sizeis

preferre f oY fEe rdfﬁ?)%r@m@é’&&]ﬂfjs)’gi]tq%?meé&el @n geparate minicells
ap plkes Il#ﬁ‘@ér&:bﬁtaﬂmﬁn@ Fudhes PhRfiESablerialveild, Shd Bositsefalié contaminants
cells are | ar Eo separate _mnicells fromsmller

corishPhAsHE: Wsﬁoxw@l%ff acidsppollufap dehrys|aggexcess liquid.

20 1 | T@Ee‘@m&f&ﬁﬁ&eﬁ@ﬁ&h'lﬁ&&%ﬂﬁ%ﬁfwﬁ QAL ASthiRaPore §ifk of cross-flow
perneate through the friters, but not mnicells. A 0.2

m plotas diopld Alewsrigials tegempnicihioyglpiic féise. e @aug@( bactorial
bac&eﬂg thOhégjl %??])mre%p'g? ]%eregéag‘fr‘{;? Eh% %ual'%{s% @egaug g arg 2

er s rTH S are |1 ess
O Zappmxunﬂé]ﬁ(ém puvién diptkier; athilerbaokrisirceBsark l:0p¢r. To separate

f||trat op in this context plcally entalls at
chigfl)e PP riA Fpod e b Gpantel s s ek eulonch g should

25f 0| aummhdwr @Hntdlﬁﬁﬁﬁs i2 E@nne%@: tBo8eh Wk ke, lﬁﬁfﬁbﬂ hinide, €A
S|ze around 0.2 pin. Between or during serial

% W RSV Sipg ISPF%‘QWO%% pyPosk laffcﬂtlﬂﬁ &estennl biehs tsoge in diameter
p e ri‘r&ﬁ 6%‘3 ;,En? ki wia hﬂl], ot hESRNS %ﬂgr con a.lm%%lnltssare 1ess t%an 0.2 pm.

Effective application of cross-flow filtration in this context typically entails at
least one step involving a larger pore size, around 0.45 pm, followed by at least one
- 30 step with a smaller pore size, around 0.2 pm. Between or during serial cross-flow

filtration steps, diafiltration may be performed to maximize recovery of minicells. In
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25 bacterial cell lodges itself perpendicular to a filter. However, bacterial cell filaments,

30

consisting of bacterial cells joined end-to-end cannot penetrate such filters.

Thus, another aspect of the invention entails inducing contaminating parent
bagterial cells to form filaments prior to filtration. This is accomplished by subjecting
a minicell suspension to environmental conditions that induce a stress response in

parent cells. Such conditions are well known to those skilled in the art, and include

10 .
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Monoclonal antibodies that bind to epitopes found in the deep-core
polysaccharide part of LPS also are useful for removing free endotoxin. The deep-core
30  polysaccharide part of LPS is not thought to be exposed on bacterial membrane
surfaces. Therefore, antibodies directed against this part of LPS should not bind to

11



surfaces. Therefore, antibodies directed against this
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- steps to renove them 5 Thus, in one aspect, the
i nventi o}g é)t‘ ovi des a tg] nicell purification nmethaod that
enpl oys DY @ehgpatsatig fop bastirial edoroprns dneaussadyersp sifpetfects,
bi opRerea kliXicAPHRFH B EmBREsURR ndeUnk BB Ere sRs RN8mBYe them.
nmore steps to renove endotoxin fromthe restlting

- &nr Tewetn ore aprest, the ipveaion provides a mivies!l prudfieatign method et employs

e S Gl A R
t echinPrpm ate sicps theendverepilotoxin frobahersuiltygehriched minicell

var] [ ' talpn.a.prepakation of .
RSB0, SRR o SR o2 R e,
c onts deadribed abbdvedensi ty gradi ent centrifugation and

filtration. Preferred nethods al so include

0ol 1 owedt byl pRAFRRKR:fllafs ABOHRR AR B b i

M nvazieis cqmigpationt toostsain Opeparsisrpdfe defired phiityrdréfodled methods
Cechem ol demsh et e sk Sl e

Di fiefhody A& incladd dtickdmabdea filDhentutich BF biSi@ Y 641B Gollowed by
bacteri.al ajg{:ll culture. -This ste ich ma

lep A be
per FoPHIY 2ad remsyalplieagotenip fom migicail H{?P%‘iqug%’&@ gxanpie pf 2
1par @Bthod fehdhdiRhilF&dpiciod M dul: 1)8BN bRABloyL Ml § AL chRighdd is as
the supernatant. Step B: Density gradiént
cenfollP¥gigat i on using an isotonic and non-toxic
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from megy, 0Nt aMIRERESial bR MEIHRE oPREBNLINREAR oM acterial cell
cells, wwth mninmal |loss of mnicells. Preferably,

this step is repegvigueYEhigptemvhich purhernefarmant a_ﬁ%/%dqx about
Step C. Cross-fl owyfiihditatdnRed AER ng%tﬁ)lagteézﬁ Bd, Whhe feaving

- _to further reduce parent bacteria
~ 2Qont ami nation. St apnicellsde thessparmtanted fil anentation of

resi dual parent bacterial cells. This may be

acconpl i ﬁ&?ﬁ: by s %hﬁ@lgrﬁﬂen'i B&tﬁ%@étﬁ)ﬁ Iu.L,iné U$ RE%1cYAd non-toxic

density gradient medium. This step separates minicells from

many contaminants, including parent bacterial cells, with
minimal loss of minicells. Preferably, this step is repeated

25 within a purification method.

Step C: Cross-flow filtration through a 0.45 pum filter to further reduce

parent bacterial cell contamination.

Step D: Stress-induced filamentation of residual parent bacterial cells.
This may be accomplished by subjecting the minicell suspension

30 to any of several siress-inducing environmental conditions.
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30 to any of several stress-inducing environnental
conditions. 12 WD 2004/ 113507 PCT/|1B2004/ 002091 Step
E: Antibiotic treatnment to kill parent bacteri al
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10about 15%0 amnagin ﬁa ent pacterial cell per 10~ =
i ni cel | ,Pr%r ef er B‘P@V ghendotopinfropy g minicelh prepamiinm: Awgi-Lipid

parent bacterial AGghted BaEneleBedls Moy kol dPRA for this step.
preferably fewer than about 1 contam nating parent \

bacterial..cell. per 109 m nicells, even nore preferably

f e\%}"s‘? ﬁ‘é‘kﬁé‘b Bigtarycan goplgmen veriations of thesestops prdinempepte

celaddifiefial bOAScatibm ke, bénsishRtwie thelfPigipRE Sﬁtﬁﬁﬁﬁ:le%‘eiﬂewer
ce

t han about 1 contam nating parent "bacteri al per

1011 m 'cgclgls. Prg&]&% |y, . any_contamnnating_ parent
bact er i af® (8PP r Pz hasderabmimenls prayide pagfied

15n0tmigiesl fieParaihs ubéﬂﬁoﬁﬁzf%appﬁdﬁﬁsﬁé Abh £8hbR defi®Od in

pr ef Ly, the purified mnice preparations are

su %ﬁé@?@ﬂﬁ%}- £ Fhses PERATILORE el feven ghap ebous L gpnidminatisg parent
(1 madteshl BEl pead’ RALEME ' .
fragnents, %ﬁcl gi c aci c}gag{r?gfy:fgﬁ acﬁ%ﬁgbﬁtmaﬁn‘g parent
coporiisheel per AQ” pindsalleunorg prafphlnfaved tham aboutil cehteminating

Pr epahalakRRal S SH ald Yehhee. framendotoxin if
t hg' pre 5'1 a{r;g?li OIA%HE%&% gﬁlﬁgisi:%ive& irf‘g? ‘E]y%ﬁ? g’f %"ﬁi’? ]l?ﬁ@%%lfout 1

20| eveltampptigphotnd kicieriabrell mev 0'S ntiliatllsyumdl ydt mote preftabl fewer

25

30

L TR T A

S ubsttaminatig perdnt bactdriaboelsatd déadiand €Hekd Srepdratidns @6 HbtHoRRin any

cl hild 8a‘rflrlerllt¥)acterial cells. Also preferably, the purified minicell preparations are
substantially free from endotoxin and cellular debris (including dead parent bacteria,
membrane fragments, nucleic acids and intracellular components). As previously
explained, a minicell preparation is substantially free from endotoxin if the preparation
contains clinically insignificant levels of endotoxin, or levels that would not induce an

~ inflammatory response or endotoxic shock in a patient. Similarly, a minicell
preparation is substantially free from cellular debris if it contains clinically

insignificant levels of cellular debris, or levels that would not induce an inflammatory

response in a patient.
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30 insignificant levels of cellular debris, or levels
that would not induce an inflammtory response in a
patient. 13 WO 2004/113507 PCT/1B2004/ 002091
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resuspended in the 15 new reagent (described bel ow)

usi el wad eeeclpvedat 1217Gifer Masinwles.i biguidgpliure is grown overnight in

bi omaterial s of f l1's and, | .eaves them suspended

i SrheaE }mv‘a%?égté}%- ﬁfos%hmeéaiuum F ool weiiegreat b1000

re : aiid, :

(b ?g%qrgﬂlszoo%@%’st?? ?{bggﬁ&aanﬁg ?IS&AIJ} edusp eﬁ g?us(age)e&glesh%@ie‘% in the
1525 et rozsent (dresaihedbadery) uspraei vesox ixer.eThi§ whshs yons and
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Australia). Digital imges at different ]
20raglepeditedin itenogpe cleet sralent spatien goasr. (Tim gesdidispecimens are
- di gLt hzeh uoThe, HESH) ESod e L8 SENLAL! A€l MBAE3Qhc usi
'S, Y RRE e, HESHL 05 B AR08 SER Bl S TRRER o ing
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I f. . d 0. ) i . e
ot At ify R B Gty bfertodilio@fe odifl it Rr e fgizer.

side of Figure 1, sone batches show resi dual
bact eri dhe mnlts_ishonra(}‘épmsentﬁihe imegys afib.nppliimgy iuh act @PE-estrain are
252 L §s|h§ milgllsF 1#%3%8 bég)r?eth% %aept%%gt%}ial%éﬂs rlélrlngé 1% lelznegﬂgﬁgm O-g]llmg to4 pm

and 0.4 pm o 0.5 pm in width. Following filtration steps outlined on the left side of
Figure 1, some batches show residual bacterial contamination. The contaminating
bacteria are small in size, i.e., about 0.9 um in length, This indicates that some small
sized bacteria that are approximately the same width as minicells (Fig. 2A) leak

30 through the 0.45 um cross-flow and dead-end filters.
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as mnicells (Fig. 2A) leak 30 through the 0.45 m
cross-flow and dead-end filters. 14 WD 2004/ 113507
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ba e RS @?%‘“?'P’?%ﬁ%g Bl nliRived R IREC 15 Rigutes.
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tures are 1 ncubated statlc at 3

saphea 120008 fiekh tSmed @bwr uﬁtlilSODéJ)()nﬁn&E@hes'i).tll Thedulhiis
hrs. A zero hour control sanple is also obtained for

m divddedople. terh el ghanerads sigrils viedn end piggetpchod gerilp plafhiadded
?E%F%?.‘*ﬁ?g%ﬁ&}ﬁgﬁf Nad¥ c}:@hceﬁ&% Edv)%g Sf 6% %coﬁaﬁ‘rﬁﬁ Si;/:g gﬁdd/?dt 5%,

a ghassS%|d%leaY and sedr trmlcmdas h&ahcd’bateé dcau@igrat ga?ﬁ)mi samples
is Gram.stained using a 95% al cohol wash fall owe ﬁ?zg[

G A BT P T AR FOFS 20 i - e e MBI ERO Y GRRp = felto

]

25 o‘é{ahiéﬁ%ﬁﬁ%rdébcﬁﬂaThezs%ﬁpﬁﬁ hﬁ&eﬁtﬂ%é@& e es, Mg aﬁa/lslﬁ bacterial /

25

l'ight mcroscope Wth anal ysi s by neans of

L eimeigicpitrellahedra reswgpendsi @hﬂ%ﬁtmeﬂm@% rerreR efbgagh sample | fs placed on
SOfLYAL Slide, é??ﬁ&?&d%& %ch%&néf% BfanRbthinbdMBESA 95%

at X magni fication ove- experinments are
re pl;aheldivﬁs;b dollavweddy Gram @eﬁmﬂn@d foell iozhyi dnil @ywatdr wash. The

slides are visualized using the Leica Model DMLB light microscope with image
analysis by means of a Leica DC camera and Leica IM image management software.

Samples are viewed at 40X or oil immersion at 100X magnification.

The above-experiments are repeated four times to determine reliability of

results and variations with a series of controls also are performed.
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results and variations with a series of controls al so

are performed. 15 WO 2004/ 113507 PCT/|1B2004/ 002091
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mn. The s

' 253 upesazended mdﬁ@ chefRRG. a(hﬂ phefld .‘éVSO mixeofl mﬁ@hﬂaddddﬁo each

30

ol Ao Bt BE 1L The upEare S REOLAITA i

dr eppaghatBy di_spag&etd and pellets are resuspended in 100 pl of distilled water. A drop
of each sample is placed on a glass slide, air dried and covered with a drop of BacLight
Mounting Oil. Each sample is visualized using the Leica Model DMLRB light
microscope with image analysis by means of a Leica DC camera and Leica digital

image acquisition software. Samples are viewed at 40X or oil immersion at 100X
ruagnification.
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Mounting G |. Each sanple is visualized using the

Lei ca Model DMLB Iight 30 m croscope with imge

anal ysi s by neans of a Leica DC canera and Leica

digital image acquisition software. Sanples are
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magni fication. 16 WO 2004/ 113507 PCT/ | B2004/ 002091

The res lmltSesahmshoévqedlmpmtwmosshnwh) mhmu\N)CI doatenabtidds@if 5.5%

oF A MER, SRR oo pLelbrriEhs ke il @5t o A6 & Nact

NaQonc&ﬁaﬁ(ﬁﬁtof Y4l 200 8% hlmb% ANt ﬂ&é’/ﬁac@hmns b Heeﬂfmﬂﬂ@2 hrs of
bacterial cells are dead within 2 hrs of ﬁycubatlon

Thi goybaten.  Thisxset shews thabA% do S Nasbforpp fncubption Spsof @y is

§ | NBe RaxitniM Bmit$o &hkb@ﬁﬁﬁf&hﬁﬁ@ﬁ | At b hisQf BEATABYE, the live
filamentati on. After his of incubation, the i ve

bacltaé‘?erléﬂl celé%iur%mtqﬁlwmmm Flowevanesthe incyalien, e ipsreapgs the
Kb f-
r o gﬁigﬁteﬂtg AudrbdlE rédh ﬁftgg%gg% ﬂ:&lﬁ}@\{ 44 )%@e/gﬁécl i %%&ess for the

suggesting t I ci ent
st rtsstsrifimells 4rel tha;s@lwécm lto diglafter ot gmmtmhe@/grbw‘gx rPinqg this

di g tl%gs g: edbs {o o : %ﬁﬁ%ﬂs? a‘u%L g{u@"ﬁa@t ﬁ' o3 Qv $ns 1t is sufficient

stress pears conple StatS on
1(bacb eeindt the drination/ofbacterial |ﬁ1amaltas afhis dztaakto ei:ﬁlatns wmngr m t

the.formatian of hac | ament s s dat a . al

e AP RURAS nit o N LR b SRR VB Rt S gt
sal BacraAmGeskthahd 64t ditiiendnd @Msidgscell @xdtls, 1 nhi biting
bacterial growh and cell division, and causing cell

S 3T g b SR SRR SR e

f r GitdeefbiitelRIFdrR phidnbhstt@iHHid OB evltAidmhsts. 15
Post-differential centrifugation of the bacterial cell

15cel | coReaHHERE bPitegr RAion L A B Ae PP P B

ce rﬂigmifictagaﬁun@m biShao@rial chll ebghinahtk wefewnmiaitéal l@ deRdltyUtadient

OptiPrep' M (Axis-Shield PLC _Dundee,

i s EEiRgalPRUBRA ‘@Wa@bﬂmﬁfﬁa&wem@d}%.‘ﬁrﬁ%w %ﬂm@hwld
(5.1.¢, [dl&de&xemﬁ%) {/hidh mm&n&éo%l(ww h&ﬁﬁﬁﬁiﬂé(ﬁiﬂnﬂ%b’ -[(2-
bis [N,N -bis di hydr oxypr

1 R - SR A SRAAIO] Pis VA2, s aprap sl 6

2oa BHla89! £HLlyhecAPA:RY Fin WS ébﬁém@ePa biBlogically compatible
OADgradlents were prepared in 25nl pol ypropy%ene

cl enpdiganftiifiade’ gaulres Wit vicagsd ordnipebewarcondparpeyiifugs

an-t ?ﬁl%é)(ﬁ? gfé(s:toﬁ@ﬁ'& n?:ltllo I@Etd.é dngf Aﬂg&al}a()iandl of the

ter a SI 0 ered on each
gr adingetl/badtergal telbmpmpe wag hmned bugelt gaxdleﬁi; O0@gulies were

ne Rt aat 00 AP Gt P B ES ol 43 te wbe

2510 Gid reagpted ibgdighnnicistoplynisiag 21 100x phgfitative oﬂ-lﬂﬂmerswn objective.
D Gk S o B TS0 ot SRS A " 3 St

contained largely minicells with contaminating bacterial cells and bacterial blebs. A

second lower segment carried mainly bacterial cells but they appeared approximately 2

to 3 times longer than a minicell. The pellet carried mainly bacterial cells.

30 The crude minicell suspension (upper band; Fig. 5A) was collected and |
centrifuged at 13,200 rpm / 30min in Eppendorf tubes. The pellet was resuspended in
2ml of sterile BSG and re-processed on OptiPrep™ gradients as above. The resulis
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Ui B S 8 B2l anftody s Pl g e b
25wa$motaig G hm@pﬂﬂﬁ&dﬁga& three times with 0.5ml 0.1M Na-Phosphate Buffer
(pH 5.0). The conjugate was resuspended in 300ul of the same buffer and 50ul was

used to treat 500ul of the purified minicell suspension for free endotoxin removal. The
co-incubation was carried out for 1hr at 4°C followed by placing the tube on a magnet

(Dynal) and collecting the minicell superatant. The treatment was carried out 3 times
30  with fresh Dynabeads-Protein G / anti-LipidA conjugate to ensure maximal removal of

residual free endotoxin.
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20min and the minicell band (F1g SA) was collected from the top of each tube with a

syringe. Approximately 24ml of the crude minicell suspension (Sample 4) was
collected and centrifitged at 13,200 rpm / 30min in Eppendorf tubes. The pellet was
resuspended in 12ml of sterile BSG and re-processed on 12 OptiPrepTM gradients as
30 above. The minicell bands (Fig. 5B) were collected as before (Sample 5) and re-
processed through 4 OptiPrep™ gradients as above. This resulted in a clear diffuse
minicell band (Fig, 5C) in each tube and was collected (Sample 6). The minicell
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using the Cellquest acquisition and analysis software (Becton Dickinson). Counts

were performed over 30 seconds on Medium Flow Rate with 2 37V threshold on a
30  green fluorescence “FL1” trigger detecting between 515-545 nm. FL1 PMT voliage

was set to 550V. Side scatter “SSC” PMT voltage was set to 524V. Appropriate

sample dilution returned between 5000-50000 particles per 30sec and final particle
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(E The EU.de 0 afte he
{ e P e ERRts LB toRRR. e b
Thesefknit (feore polpeheagnidd a0 Polybecldridb et hj/clxeplnliu abhis results in
23BN R SR the hydrophobic Lipid A is buried while the hydrophilic

polycaccharide interacts with the aqueous environment. These micelles are known to

"be present in a range of different molecular sizes and can be as large as several milflion
Daltons. The LPS attached to a bacterial cell or a minicell has the Lipid A portion
buried within the bilayer membrane and is not an endotoxin. Free LPS is an endotoxin

30  since the Lipid A moiety is available to interact with mammalian cell membranes
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25  was resuspended in sterile pyrogen-free BSG. A series of controls were also included,
e.g., purified S. typhimurium LPS (Sigma Chemical Company, St. Lonis, MO, USA)
treated with Dynabeads-Protein G / anti-Lipid A conjugate to confirm that the anti-

Lipid A antibody did bind to and eliminate free form LPS, diluent samples to ensure
that diluents digl not contribute to the observed EU, etc.

30 The results showed (Table 1, below) that as expected, most of the EU that is -

measured by the LAL assay is associated with the minicell-surface membrane bound
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Example 7 — In-vive confirmation that purificd minicells carry ingigaificant levels

15  of endotoxin.

Purified minicell preparations were sequentially (3 times) treated for endotoxin
removal using the Dynabeads-Protein G / anti-Lipid A conjugate procedure described
above. Each of the preparations carrying 10° purified minicells, i.e., pre-endotoxin
removal, and after first-, second- and third- endotoxin removal steps, was injected into

20  the tail vein of 6 week old female athymic nude mice (5 mice per group). The mice
used in this example were purchased from Animal Resources Centre, Perth, WA,
Australia, and alt animal experiments were performed in compliance with the guide of

~ care and use of laboratory animals and with Animal Ethics Committes approval. The
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26 WD 2004/ 113507 PCT/1B2004/ 002091 WHAT | S CLAI MED

IS: 1. A purification nethod that conprises subjecting

a sanple containing mnicells to density gradi ent

Ce¥ fobd/Hga@ki on in a biologically conpatible nmedi um
whereby m nicells are separated from contan n&hTEB30p#002001
said_sanple to obtain a purified mnicell

pr e JEHAL ISCLAIMEDFSt hod according to claim1, further
conprising a prelimnary step of performng

di fferenti al < &pilisationymethoh thehcomirgesahjettingaennplevionigining
M Nifi@bdiR to densit BN ASARGIESH NG i ' [Loer
conpri si ngcf aﬁnﬂl east one s'a%p %*Iﬂgfbﬁ@?é%@kgb ég?tg#eslg PE-
conPApEbYEinivals exs|skparatet] froin ventiobhaats sl sagipledo obtain purified
3, i Elﬂ?ﬂi’fj step of filtering said sanple

conitégklﬁ%efqir% m rﬁij’g'el s enploys at |east one filter

enpl oying a pore size less than or equal to about 0.2

pm 5. ‘et Kothethod aecdiding to olaithdi fartBer cotuprising a padichinary step of

M i T R

size of about 0.45 m 6. A nmethod according to claim
1, further cavwpethed agouding te viapn of futtheabmpgsing atilehst one step of

uridled i | _por. [ at. wth an antibiotic. 7. A
ﬁet%Igééﬁgig?ggéﬁﬁ%c?rgm%%ﬁgfnflﬁlfaﬂv\her ein said nediumis

i sotonic and non-toxic. 8. A method according to
cl ai m 1,4 wheronethebicdondingito nlainn B.swisdrain sAé stepdf Gikdring ehid

i od @G@ ry. 9. A purificatlton t hod t hat,

co rrpa%fﬁ?iségég & Jg\é%{hfecﬁlés eénpsl%pal%l paxt one ﬁtﬁri eﬁ‘g&oyﬂﬁg{ﬁ RAEE Fize {egs than
a cwoergad kosboih@®?2 pnnduces parent bacterial cells to

adopt a filamentous form then filtering said sanple,

wher eby .m ni gel | re separated_from parent bacterial.
cel | s. 70, AATRstFstrosuaBEde A & wiesrihra stoneh dionng svid
C Onsatinble@Ontakirnia By i5 R UeadOndT i Sticn QR 4 fiIRR emPidying a pore size
an%blc condition, or a nutrient limting condi gign.o o

27 PP 84P 18507 PCT/ | B2004/ 002091 11. A net hod
according to claim9, wherein said sanple is incubated

in a hygpert AnhGndiRmRLdHIng to claim 1, further comprising the step of treating

said purified minicell preparation with an antibiotic.

7. A method according to claim 1, wherein zaid medium is isotonic and

non-toxic,

8. A method according to claim 1, wherein said medium consists
essentially of iodixanol and water.

9. A purification method that comprises subjecting a sample containing
minicells to a condition that induces parent bacterial cells to adopt a filamentous form,

then filtering said sample, whereby minicells are separated from parent bacterial cells.

10. A method according to claim 9, wherein said condition is an abnormal

osmotic condition, an anaerobic condition, or a nutrient limiting condition.
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12. A nmethod according to claim9, wherein said
filtering step is a dead-end filtration with a filter
enpl oyi ng a pore size of about 0.45 um 13. A

P S i on method that conprises (a) subjecting a

sg{rgp olé‘g@%grq?ai ning mnicells to density gradi @ﬁ?’%m““‘”““z“l
centrifugation in a biologically conpatible medium

and ( blIsubfreeathodgceqsiine in , odwetes saidfgmpleris inshipated in a
to&&%ﬁé&&_t hat induces parent bacterial cells to
adopt a filamentous form then filtering said sanple,
whereby mnicells are separated fromcontam nants in

sai d sarpl e Dapcthedaiceprding i ¢laimed whiersinesaid filtering step is a dead-end
pr [WeT oW L Licat cording to

cl gh?n&t%ht‘ﬁgta@uﬁ Ipy‘%gfﬁﬁ‘r&%ssgs%%{ Eig&upgtg 5eg&l‘of renovi ng
endotoxin fromsaid sanple containing mnicells. 15. A

net hod &3-cordipRglieaor methed thet cohprised (8) Sibiegting e prnafle containing

" orv . T LLni. i e
|6 oD p BARAY AR o PR BRBANE LB, and
t héb)subipcting said sovipln gontainuig indiicellsfto @ norsiition thatimlees parent

co L Kl 1 0 7 hogd,. accor.di ng .to .cl ai m
79 Bhctti Bels Mo metibys AR RRE R Rtk e,

f r onmisellsdressapgrited fromtcahtaimiguttiimnsdeidnple th@Btain Hpurified minicell
purification nethod that conprises (a) subjecting a
saﬁﬁpgaﬁ%t aining mnicells to density gradient
centrifugation in a biologically conpatible medi um

(b) sublectA pwrifatich mathipd ccontpato Rl 1 Mhad ifig el Sorbptisas the
contdit' on that jnduces parent bacterjal . cells to

adOpt °H PP RREMCETE FERspidshapie oteiag mniselisy sanpl e,
and (c) renoving endotoxin from said sanple, whereby

m ni cel 1% arﬁemﬁpaaabﬁﬂ?gmgﬂaimqqlﬂﬁrﬂﬁeﬁs stiep o_fﬁaaio@ifgg

sa to obtain.a.pyrified. nnice preparation. :

A %ﬁ%@lﬁq‘?ﬁaﬂgﬁuﬁgﬁe@gﬁﬁ*F%n, whi ch was prepared
according to the nethod of claim1l, and contains

fewer tian abmethod acontisgioRRiih 9gfpBEBinpHaiak id sbdp (Febthoving
per QZ mi_ni gﬁél___s. I22_3 WD 2004/,113507 PCT/ | B2004/ 002091
207 RS T & fmieesfaypapisRon, which was

prepared according to the nmethod of claim1l1, and

cont ai n. f eveimethbdiccatiny to blagANS Atthaomgrifag @Bltep of
bact er i al | 1, er 108 mnicel|ls. 21. A purified

i WHEEWE © ‘?Og‘ﬁ%‘i‘g S sEmplesoRaangeipselid according to
the nethod of claim1, and contains fewer than about

- 1 cont aidi natAl pgifpaicdnhstRACHE dopriS(d) subjecting a sample containing

‘minicells to density gradient centrifugation in a2 biologically compatible medium, (b)

subjecting said sample containing minicells to a condition that induces parent bacterial
cells to adopt a filamentous form, then filtering said sample, and (¢) removing
endotoxin from said sample, whereby minicells are separated from contaminants in

- said sample to obtain a purified minicell preparation.

19. A purified minicell preparation, which was prepared according to the
method of claim 1, and contains fewer than about 1 contaminating parent bacterial cell

per 107 minicelis.
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per 109 mnicells. 22. A purified mnicell
preparation, which was prepared according to the
nmet hod of claim11, and contains fewer than about |

c ibng parent bacterial cell per 1010
mwrﬁ%g;ijﬂgg.d?%. A purified minicell preparatiofCHIH002091

was prepared according to the nethod of claiml, and

cont ai ns “Pewer* RHHisd Ricell prepasrtioanivhish agpreparethdccording to the
bactigéthed ofeBlih 1, RET el A.pr.eparation .

of mnjgells that i%é%%s%%t@ﬁbémfﬁég%ﬂf&é’ﬁ B5;Paderial oell
25. P& HY @wmicalls.on of nvnicel I's that is substantially

free of cellular debris. 26. A purified mnicell

prepar at pon, i : . i.hg to the .

net hod of cl a#rg&'g? anggggljjg%ga?%gg‘%g@éh% afﬁpaﬁ%d;"[fforﬂmg to the
contBERdRE ickagm Jarndreontains fovar dan abbut 1 pentahifiting fired bh@erial coll
27. pby RPLihilggk. M nicell preparation, which was

prepared according to the nethod of claim 9, and
contains_fewer than about 1 contam nating parent

bact eri af2-cel 4 ppafiedioBicell prapetatien, wiad wak paepatdd secbrding to the

M Nie8bl oPEl ' Whj s prepared according to .

{ o el oBHERR bl Bt M1l R PR B et con
1 cowtl8mimizicellyy parent bacterial cell per 1070

mnicells. 29. Apurified mnicell preparation, which

d i.nQg- t he net hod, of cl ai 9, d
Sont ot et ot PSS atich oleDfeafi, Rich o Gregarnt Apcordingto the
baciethpdef dait 1, ped cdbdinanfoweciiid shout P&rntaminating parent bacterial cell
per 10" minicells.

24. A preparation of minicells that is substantially free of endotoxins.

25. A preparation of minicells that is substantially free of cellular debris.

26. A puriﬁeq minicell preparation, which was prepared according to the method of claim
9, and contains fewer than about 1 contaminating parent bacterial cell per 10° minicells.

27. A puriﬁegj minicell preparation, which was prepared according to the method of claim
9, and contains fewer than about 1 contaminating parent bacterial cell per 10° minicells.

28_A puriﬁec_:f minicell preparation, which was prepared according to the method of claim
9, and contains fewer than about 1 contaminating parent bacterial cell per 10" minicells.

29. A purifiec_i minicell preparation, which was prepared according to the method of claim
8. and contains fewer than about 1 contaminating parent bacterial cell per 10" minicells.
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