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invention relates to a pharmaceutically conpatible
method for 5 purifying intact bacterial mnicells. A
mnicell is an anucleate formof an E. coli or other
bacterial cell, engendered by a disturbance in the
coordi nation, during binary fission, of cell division

with DNA segregation. Prokaryotic chronpsonal
r epl PHARMAGEUTIGAERL Y 6OMPARIBEEMETHODFQR PURHTEING
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(Reeve, and Corpett, 1975: levin. el c-ij .
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subtilis (Brittan [.,.1998), deletjon in )
S| o ForB et 40onRakingods Borl BT GHk Tt 1999
CHFHY( bﬁaga et al., 1989), and parC nutation in E
coli”(Stewart and D Ari, 1992). Gene products nmay be

supplied in trans. \Wen over-expressed froma
hi gh- chydditiemise miplogsien doutftenns 2Bueleaigmnisicelalae piggenerated

e nce the rate.of cel.l division an 1. nhi hi
cTIBRG ) BT S8 et mf kR bz sepum
aformadt &840 extaftipld inl tAQ IV B D iR 5101 OfR szh@bmeGorner) 1995; Levin
and anucleate mnicells (Wachi et al., 1989; (kada et i
at’. .. 1993) Migoni fvamiay topy! Worooa? paghyion m the levels of
PCT/ | B2004/ in ML S Ed SR8 iSh sk X fon. For
CE By S RS 8. o
s pamifaevuskyression of iailleadstto ablao disierdand produrionad minicells.

to. mnjcells, are not due to specific :
Similarly, chromosome-less minicells may tesult E‘rom defects in chromosome

segregation, for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoQIJ deletion in B. subtilis (Ire‘éon 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 in trans. When over-expressed from a high-copy number plasmid, for
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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genetic rearrangenents or episonmal gene expression.
Exenpl ary of such other vesicles are bacterial blebs,

wohbwhizoe snal |l nmenbrane vesicl es (Dorward et Pair/1B2004/002091
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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
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 international pharmaceutical



standards. To this end, conventional nethods of
mnicell purification generally are unsatisfactory.
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centrifugation, to reduce the bio- burden of parent
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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’5 contexts.
Sucrose imparts a high osmolarity t<; gradients that can cause physiological changes in

minicells. Indeed, the present inventors have determined that minicells undergo an
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difficult to renove conpletely fromthe mnicel

suspensi ons.. Accordingly, although i
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minicell purity that exceeds 107 (i.e., fewer than one parent cell per 107 minicells), and
even 10®. Optionally, the filtration combination can be preceded by a differential
centrifugation, at low centrifugal force, to remove some portion of the bacterial cells

and thereby enrich the supernatant for minicells.
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4 WO 2004/ 113507 PCT/ 1 B2004/ 002091 Al though this
filtration procedure overcones the drawbacks
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provides a nmethod for purifying bacterial mnicells
t hat | Tveréfoss asat] wotdimsgfonmstoogs of poifyiaiebasigrial mingslls gat

to .densit radi.ent ceptrifugatjon i.n iRl Qgi I .
TS S RL RS PRk PRl e
prelimnary differential centrifugation step. 15 The
present invention SUMMARYWOHGHBRINFEENG@ONor puri fying

bacterial mnicells that conbines density gradi ent
centrifugation in a_biologically coqgatible med

j um
wi th T0 eadiewaheseid At Resdup Biceent ERGnfpR BBRtdes 3 method for

Mﬁi %ct@fi?l%ﬂl?c%ll@tﬂt RivoRleb slﬂgéd.tifn.g%%tai.nglb dRtRQHe nlifficells to
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cdugity gradienhedntii fugatbesinpar elogicalbcdrapatible medigal. | Ehetmethod

adopt filamentouys .fora,.followed. filtration of
t%ﬁ’é‘ﬁﬁ%}n&l S%Bffi?f&?@’yﬁff}ﬁ?f%ﬁ?ge@?%%%ﬂ Y- bacteri al
cells. In yet another aspect, the present invention

provi defe refinfif@htioPMEd prioGrieh 8 MethtRt toppurifyals Haorkidt@micells
(a) subjecting a sanple containing mnicells to )
démsianybigratingtit sradisht venfrifyeatiosnn p e8] ogmesfiple medium
co i bl e medium (b) subjecting the sanple to a 25
c‘gﬁgﬁnf%lﬁmt hat i nduces parent bacterial cells to adopt

a filamentous form then (c) filtering the sanple to

obt ai nincarptier hipedt, thepireeht inperdpanatvides. a Mhecélhmeificatien method
nmet hods optional |y .include one or nore steps to renove
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antibrotic. 5

separate minicells from parent bacterial cells.

In yet another aspect, the present invention provides a minicell purification
method that includes (2) 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.
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Preferably, the purified mnicell preparations
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(o FRAFSharar Sht B bl By I Bl ROS i, BRRS b e
baett etk R beéThie wﬁ@th&ﬂlﬁi/lﬁcealrptmi\ﬁeatld)rap@ecfdures
parent 15 bacterium (1.6 umlong), and (D) shows a

m xture, of gar ent bacteria and mnic I ere. the
for mer Figareid showy Sqrgrmerilestion Misregsanps s . &?EMWW"CDE-
%&]‘% (:IA AR LRGN s% )%ﬁ?fﬂhcgﬂs dFRRH Té Jd‘l@"stram (A)
ra bacteri a 'owm ng i ncubation wth
Vﬁfolmmssnfslal@zedqmm baci¢rivonél. om leag) adst mmn@il (0.4 um diameter),

]%:;Bé?’é A ladgél‘r%%ql?g?dtg’ll#rg réle §% %gTr ‘:79(15 %nle(frgrgl%rger parent
; &}c&fﬁuﬁﬁ(ﬁ ol 1&93&{@@))%&% W Gﬁ&@% bfha8ir® BhbteriB st miridells,

rsint abdence of Nad (left side image) and of
bwhwerth@fonﬁlelt anghindengih fiweh hﬂtnetp 4dpmyrs i ncubation in
the presence of 5% NaC (right side image). Figure 4A

shows the filamen [

ni nCDEhsgtuF%'r%ﬁ‘ sggxéz I I@ngﬁtﬁﬁ gar]glﬁ gﬁ@é{u{ngzﬁ tum mhnCDE strain
VBAdi@tsstollekingdanbanibt aiithaadodsiNaGlatonotsratibnefor vabous times.

Fi gure 4B shows fl uorescence m croscope i nages
corrparlngthe sizes of E. coli m nCDE- stralnb eria cq
i ncubaf &A#IF At GhovE U HEEIECT BHTa°APS T 4R5 h‘ém%gbngp 6 S “

N@gﬁm 1y ﬁ);ﬁ il *}?Fﬁ L RG®hc@AY i RLbRAS hl%lb@'th fulABMBIN Brs in the

rs tncubation in the presence of 5%
Nalﬁemﬁerof@%ﬂ(ils{ledtmdam%)a) arl ofDaceOl/filaBegy formed after 4 hrs

A R Ak R

Figure 4A shows the filamentation of parent E. coli minCDE-strain bacteria

following incubation with various NaCl concentrations for various times.

Figure 4B shows fluorescence microscope images comparing the sizes of E.
coli minCDE-strain bacteria incubated in growth media for 4 hrs in the absence of
NaCl (left side image) and of bacterial filaments formed after 4 hrs incubation in the

presence of 5% NaCl (right side image).
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the first density gradi ent centrifugation (Fig. 5A)
I
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f Diff
o piogBerineablt aopkr BRI PTGl depifigen
apaﬁﬁgmgn@quﬁﬁmmmu@n the x-axis. Experimental details

are 15 described in Exanple 5. Each value is a nean of
three sanpl es and each sanp

collected fr
separ aﬂg%a% A1 v Hlepaoaefé §>§ migeelschi oddr GRbIp el gells
@g prégent |h§§%t rs h J% dé%grﬁﬁﬁgd %% gﬁ%se oﬁucell
bipotificatioa pkocedarp Aiffbient staged imthie nmnﬁvaimnqmnwsn vhereasamples

m ni cel rification. .In thi

o8t llsoRd Bonana st G iyt Btk T ey AR ails are
MRecBibedMh E:8mné SCEhM?VEQﬁe ﬁ%ﬁﬁéaﬁtdf@l&e@bﬁhﬂ% bl dakB @rample was
contam nants, often have adverse effects on m nicel
Foellectedrfuasm eisepratte putificationpuearen| Stardepd eyordoes W(Shf)wn
sucrose gradients and require two to three repeated
sucrose gradheRh REEFRISADNAR drdRGH @ '

purity. EXPOSE S 0

pressure for up to two hours, likely cau5|ng osnotic

shock (The Bfestdténventire Bhvesietetinnedrties ¢ind userof didlogisallyaoanpatible
fou d that sucrose radi en ified .nicells o
st igwrPYeE SARYEpig @%lmsaltl plikieation. ot Teead) hey héve observed

pﬂ{a't Fh{%ﬁho% 1REDBEN:i1TRRNGnt BIASUMRAL YifediPB ¢ eép@[ a'inntglﬁnm( ells
results from menbrané destabilization, which
exwessrnfdnuinanip, mienthhec mi»mawltilfsb uslmhmniénblﬁar@eum’lple
dest abj at i,0 and | ant | ncr
R Rl Bl e ﬁoma}ogi;f Bl S o) ERERRS Al requite two to
' ﬂﬁb@%&ﬁe@ﬁl&&@ gﬁnﬂé&ioﬁs fo RGBS al@quafAkurPYt THK exposes
the m nicell 2004/ 113507 PCT/ 1 B2004/ 002091 |In

ﬁémagltset@thlgh mcéfcml@ssunerf@r wr edwathonrsy Bkely ansing osmotic shock to

¢ ﬂﬂetrﬁfﬁ.%eﬂg.e§h@p1r&éﬂt ?r%lehtérs have found that sucrose-gradient purified

minicells often are significantly deformed relative to minicells purified by other

— o

means. Presumably, the deformity results from membrane destabilization, which
allows excess fluid into the minicells. Such membrane destabilization, and its
attendant increase in membrane porosity, also could allow cytosol contents, including

therapeutic nucleic acids to leak out of the minicells.
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bi ol ogi cal 'y conpatible medium After centrifugation,

a mnicell ban S ted f.rom 5;

oot | onds Py SRS fiRrres: 8 pioti ANl DL cHBRPERS a dilften

r SetYEbat6h ndeHedithat cBhpeik@ ¥eparadiyl mirictlia tioanparenttaxicbrells and
purity. The method may further |ncI ude a_prel.i

setbpr copfanpaitiieFividegsiti srpdieaimenaifugadionin o b@&?gleé{ﬂycﬁmmgble
TR | AR MR AT R WG is RRICEQHTRR Ble drRfent and

r eptivnell s aheminiogllsimody of subgectdtto ﬁaﬂteemlmlds oBdémsity gradient
ther eby enriching.the sup,ﬁ@nat or, rﬂPnl c?%(l
" GG YERIEOR tPynadRFauEhe Hhednetho éurt 2 e fnary step
I ml%?'Wh
R o i e Sy
cperfatiet Iaelqm«zhnmﬁlgslcfom ditfereativlecsifygatioh el rerogye some

R SRl o R RO B e

contextual. For exanple, a particular nmediummy be

bi ol ogi'BildgicatiyEaiphible niediaNesel yipthindontex) refrd to édia that do
but toxic to another. Preferably biol ogicall

c@‘ﬁp’dwl‘éﬂ& affeefiainiged DhsinloEy 6F BiRTRIOkEY. ﬁ%fﬁr%bx biologically

PP TR 3 S BRI e PR 8 i

E) §hﬁ?)1lﬁlg§§ I\’P)aiheamng eﬁ‘mloglaﬂgcboyﬂpaﬂbl% (isathete%rawnmexfpal For
'S -

2 OXgH wrw%ﬁ%mdwmw herhiolggicelly cemppatiblsio e hueqhimpinicell

ehit thific ?I%th%'c ‘?‘P%fai)}ay‘rﬁ&ogﬁa@@@o Qf?ollé’mﬁﬁﬁfa%lﬁcﬂﬂ isotonic and

exanpl e ol ogicdlly conpatible medium

Rasetoxdher s have and other simlar density gradient

rn, dia fbr pruri Ao i g manunalian cells and

8: g? 2 |e bg? ﬁfc,l?u c |( g fig- Sg‘&ﬁﬁ% ?Egb @up b%@ot@n ’Wh\{ 1ng ‘f’i%f‘e'nle 60% (w/v)

akSufi@VbEvettahd] (DBNpi2thydeadi S@toﬁ‘dﬁéﬂﬁll)-bls‘émﬂ}rl@lﬁtno@]ﬁﬁs [N,N’-
and Products 2002, Axis-Shield PLC, Dundee, .Scotla
Shish2 Aduivdroxspineyk2.Acr riipdsv] & bsnapnerashasende IhBReEn Sonstitutes
t Li e

8néJ ng‘[ﬂg/ ;%rgi%ﬁte& € né% Ioggglﬁ)\f%%arﬁ'yobs kdégl{e Imoéd?ﬂﬁ aiﬁe%ea chers have
nedma :aﬂvans&l«ly. @ﬂfu ect’ anffionlicc elohilphlysdiol n@yﬁmnﬂrdu fm puru ying
nmor phol ogy, . a need f r bi oI&ﬁ ically co i bl.e med

t alanpmhwf’%% mbaenellpes & s QVARYFL fproteine,
Oﬁﬁé Q%QE%h& ht)%‘p ?\%ﬁ%‘ bihgsd 1 Redse r&lithel 1npD€ffSQfé WBldient Media.

gralents orma 30 gradient in situ
C dpphcrdtmgatmcbﬁz a(c&cetsf%@é,n‘@ﬂ&ﬁiﬂ@@i Br@dPwrdep, Scmﬂéfl@r Hreah media

gradi ents can e conf i nuous or di.sgconti
O Bt B P AL SRRgHe, hAPER: © pa e sl AeFveg mipjeells
f ot dred p2dor b8 phd@ntSialdtibroNSbselvatifiethdesheededia adversely affect

concentrations'into a centrifuge tube and 8
minicell physiology and morphology, a need for biologically compatible media to

purify minicells was not even recognized.

With OptiPrep™ it is possible to use either preformed gradients, or to form a
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
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preparation of isoosnotic density gradients with ‘

. | . .
oSt AR i HRE By R 8F AR aRlblthb Wi sice
admingpdiffasendiThe @rdpagdibh bf Boosntglcatehsigng@llieatsdvit@ptiPrep™
solutiton and ospotic_bal apcers is 5 well wthin the X
ofeRsRds Yrapepariie gpdientspiubaat &y 34%}%&%@%@ peefution with an
t Qﬁqrgﬁ?ﬁ@ Bfndd? ¥610tLL ”Séif%mh%?a dﬂﬁ@tﬁ's@ﬁti@g afld 8&hotic balancers is
centrifugation in a brologically conpatible nmedi um
wiwtell witHin érei axdinstyesksl] olfumctétonmsl e, density gradi ent
centrifugation can be incorporated into a serial

Such ol PR AR o irensPl FRBR L s B i
P@&ﬁﬁﬁ%&t’i&ﬂﬁl&bioﬂgi(ﬁﬂ& Yombditle REGGESHitE @ﬂ"ﬂéﬁﬂ% Steps. For example,

cross-flow filtration (feed flowis parallel to a
ety seadient Cortefugation eapk iaprrpetatadrinto) aeripk Blligtion pigeess, as

' i Gk t . Lonal |y,
¢ B SRR THAE 1. BB su HEIRAPRG AN bARE s SREHBI Y
C PAIVIBOO Wb D NBriafly, | thww pessety doimtgads drasscfow fitiratiengfeed flow is

sone_portion of parent bacterial . cells an%@t hereby .
eRriRlel 1o panubiannairige) angrdead-ane Bitation Aes Hlgpiis prrppdjcular to a
¢  nAt ion _ pLYe _
 BerBPaRRgt (PRGEAN, i ORI B BB Ui
Crasgfufzhioon, fat low eenitrifugaldervetdiremgovensaniepdriibn ef payantdacterial

si ze, epar a mnicells.framlarg cont am nant s

< 685 326 s B B G drbataianf e sl Sisp SRGPILY: B

C ehhBiihfieNE s besfefbwasbPas ftlbidtic thia@hsnt tb kAPreSIAdAt XM bacterial
nucl ei ¢ acids, cellular debris and excess liquid. 20
Toelkseparate minicells fromlarger contam nants, the

nom nal pore size of cross-flow filters sholLrid allo

~7~’ / i . C - « o d - i r ! ¥ « .

1t er CEUsElp P Bl erdihd o HETR b ML eparge minicel
0 fihm lprder patemiians such @y eiai badefiacelld)iafd fronpasaler contaminants
because mnicells are _approximtely 0.4 p, m

d FaRers dpcteripli hlehs, Bae endofoyn. auplels agids, ?e,iw&éﬁ.ebl%sgand excess liquid.
SRR LRLAChR bRt By SRR AR g s o
alilion :kovelll [aBowoointcali narrscilo tpengredt éilict bugtvi tang: bactorial
Lbker? uein Dol D PR i R s R o

< ARyl DI (LR Ay Bpon il s Wy 6 bl

apphiceldd fran sohller @stniihaws, fthd donaihblgyore Bizé bf roswfldw filters should
tyﬁ)i cally entails at |east one st eﬁ i.nvol ving a . l.ar
p8 B

@ smaller coplmBans epeRmeae Fronadhe filiges, Puaot ipigelisgeh
oDl ST B At PR e T BB URR s cameter

difafd (b'?f i tlero.zrpﬁf; éndeilofiicieflall® cdBtehith#Rs 4re CaY eay 00 um.
mni cells. n

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
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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this case), while undesirable snmaller solutes and

p%et disfiIBStiE, Q/o[l&ﬁ@i‘é @did bRGamSHd WerAH1R o IhQPﬁ’b]hanes are gsed to
I'trati on acconmodates suspensi ons carryi

I waﬁa defirqilarariiced @uisicaly, irethis cehwhie badﬂs&ablalsmaller solutes and

cul 1es whi ch. may carry |oads of 1011 to 1013

b&BEEEISF 3¢ SR8 VRS ni cel | popul ations per Iiter of

culture. To mnimze filter fouling and the

consequasiisé @SGosifldW flteioh SccdniBodaéd ®EpaRliont Birfghg heavy
cul ture may be dil uted preferably 5-fold to 10-fold.

Diqads pEpastienlats mprsiers suchiasebasterishploiges: y%@hynawnpvdﬁ@ds of 10" to
f

T

dendithe mndnéelqhér[t ddds @ nnmyelﬂse t}m&faﬁmﬁmﬁlmd?smrcuﬂthfesmay be diluted,

pur ose use of at.least one dead- end filtration,
9P g?ib gqldzeﬁew%&%fp DGR, Usg of apppnstesly kY pump
Bre@ﬁﬁe gﬁ@ﬁg‘lvqgt@t a mnicell purification nmethod
conbi nes density gradient centrifugation through a

biologically conpatible mediumwith a filtration step
t hat 15oepmposresiduall pacent banteriafl ptlismemmmlfrg dtqerSSSIOZ\eﬁltratlon

e to abo
oSBT a2 iR e bREOREH, e i wothat HESE Bt pastone dead
d eﬁtﬁﬂtmanoﬁ,r@&mﬁhg 6 Bt difetabb@ ANLRURbréferred.
bi ol ogically conpatible nediumw th a dead-end
filtration step enploying a filter with a pore size of
about ©n @8> emboi@eny @;melm:ell prudiration method dembintis sleusity, gradient

t Ci ri6l. cell
gént?ﬂlgat;ﬂcﬁ‘f thrcﬂ%ltﬂo uﬁs} lrc?n %orrx?%ali%f (%hf.l{nr\gltﬂ?%g %tratlon step that
S bl&filofy!s 6ElBst Yné MREOVES a Bbfel €& 1bss tha brf dqedlttb @BoutBEL pMS €
m nicells and parent bacterial cells have the sane

di anet er gavera ge of 0.4 u sone bacterial cells can
per meatteethear Epépdiseng amiaice aﬁiléﬁ?a“@d@@fﬁﬁ@@@?@@@%dm“lt ¥

ngﬂhfé? J:egsxzf#gat%%ngtarﬁgﬁ]ﬁgﬁﬁgﬁg%lhpé’x at1g erl a\ﬁh% 1||t1+ t’al“acf'ead—end

afilttagios ktep cMpldihinga GhetwBh Wi st mb@mg) Zdphacteri al
cell lodges itself perpendicular to a filter. However,

bacterial cell filaments consi st ng of bacteri al
cel | s [TBi HEe 6yt eHer bammbe openetPatese it bastgial cells

T&uﬁ%@éﬁﬁtﬁ%@g REGT, pg%.l mﬁtﬂaw@ ng Flﬂ:aﬁm 31 é@vé&ﬂ&%&g

contam nating parent’” bacteria
f plhlﬁmtmls Pecavse tnitéllstand phient babkdrml cdlsdeeeothel samk @ihnibater

SRhRER R o S0 BRUTab e RO ey
Calcbfmoddfel aGRR iﬂseg 'éf. gg g%wfeﬂolss O def-bAPARerPOds), 8en

in the art, and
though the length of bacterial cells is at least 1 pm. This occurs when an oblong

bacterial cell lodges itself perpendicular to a filter. However, bacterial cell filaments,

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

Thus, another aspect of the invention entails inducing contaminating parent
bacterial 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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usef ul for inducing filamentation. In one exanple, a

ninic

TSR 285 SHALGBIIR! Mhcbblhmotc congon.
SHﬁpérfﬁnﬁ‘dhlnedhhdﬁe paticesdy ugedil derihdudinglftansntdion. In one example, a
stress-inducing 5 conditions cells fail to fully

@mlaqlksuamrisr@ kaB s SERRIPRH] WA TYRSHCATY SHBIEE (e v medium)
Ritts %gﬁ?ﬂﬁ%‘le&goﬁée dds 'nﬂHu%FlgeUnaer ﬁﬁﬁgﬁééﬁgducmg

e odi nent’s inven ion expl6it bacteri al
f edmalivims adelle fiait © fullpsepdats dumgicai]eclimsm; altdyforﬁii Horsg bacterial

0 ect,. the inv pr ovi des a m nicel |
ﬁ]reai"‘ﬁn@éiopﬁﬁl%‘?f%ﬂl%?f? t'ncl udes the steps of (a)
subj ecting a sanple containing 10 ninicells to density

gr adi eplef&RuAtdniiodaatitosr the irveliiel &&l6iebdteriu® Mmhdnidt®dn to
medium and (b) subjecting the sanple containing

ningieged miniead! puripndhes, snorefapedtribie bwentien riayides a minicell

I t I
o PPk p 0B P B Ol
Mnfivi€eélislto e raridiont ceﬂ"rhﬁlgatleﬁ @4 biotoggoallg cempatitsie medium and
f urt her di scover ed that . the. r ermval of end%t oxi.n

i R suRieame the sanple spuigmingmiieslls {2 pepdifiqpythriindeces parent
th&b@é&? ceiisfi‘siéd&%ae@%@n@um&rﬁ RIMBGHd bg?@“ﬁﬁéﬂi‘l tﬁ% ofiple to

e use of nini preparations cont
eolstaimaxpureied Thingell puspafatilonm ni cel | preparati ons
preferably are subst anti ally free from endot oxi ns,
meani n that 't tain clinically.insignifi { .
"evel o Ths DR inseriers B i SR ed il Bognord Hbntptoxin
aﬁn;brﬁ%s@ﬁiﬁée‘ll@teﬂa@ﬁﬁfﬁﬁsﬁl AviEeiesh@isheel obsrded a mild shock
patient. 20 Methods for renoving endotoxins are

wsspliing diam the useef miniceliprepasationscantainingssiuy endetoxings Thus,

%{Eﬁ ucl%ﬁapges‘pa%art%&%Ef%?&@lgoraet%eﬁgggﬁ?% n?e.l:ﬁ({fh %n%ot%}(ms meaning

atHat tedicestainAinidalig nstgafi @t lvaels of e@dﬁ@aﬂ,&rdmlﬁhm would not
mxed wth a mnicell suspension in a. tube, and

i idueRa Rl e RREI S a5 Il Hgck i a patisgt.

I i popol ysaccharide (LPS) via its Lipid A portion. The

tube CRIJNdMRTol AR SHARERSE O J Q1R8N Bl BEGH. IChe@xemplary
magnetic stand to i miobilize the anti-Li id A- LPS

conpiﬂx@thmgngtaﬂg bbehdsr uamdplﬁhléﬂmmw@e il'gyml@!u fech, Oslo,

bSaHE R SRR " PUTHEN + 8, SREL DLl E Bl can e

PHiik ddwithVR REE1cON SlspaitidRd t86e, thd indabaed tooalRiW 4rapedy to bind to
found in the deep-core pol ysacchari de part of LPS

afisoliponelysgecharide HPPS)@%W hipid Agortignd othindibe carpang the
dee elhs?gn[ s t e% ﬁ%eﬁ%&%%ﬂ%ﬁ% R b 11%L1o nﬁﬁe tRe - -Lipid A-LPS

e ‘expose Yerial
complexed magnetic beads, and the minicells are collected. Multiple cycles of

incubation with fresh beads can be performed to achieve the desired level of purity.

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
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
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use, such anti bodi es should be tested to ensure that

Egﬁ%%rgag ﬁ?lﬁ)oﬁﬁcff.%s %811 to\Ms% Qu&ﬂg{ i'eb‘r?])?feg ?l‘fcﬁ.ll(? ﬁg %Q to ensure that

etiggidoxtionerokorazaiisith acli+arsee exptee@f;émpdsmants qiiéfSer r ed

m ni cel | puri fi cation nethods include one or nore

st eps the Thu n ane, aspect, the,

hvont PO S VRO aL o Pagtt prdslpins tokenon AdreA e e

ePRIFQYR mﬁ‘n&ﬁ%‘n’%ﬁa@cﬁﬁqaﬁs&s BeRkEé bﬁéj&aihbﬁrbtép% P rénfbv@ them.
bl ol ogi call'y conpatible nmedium followed by one or

nhes, s1 epsaspect; briventewproviden a inipieel penﬁ@mgmrmqﬂgod that employs
hed t f erabl
ek et BB TRl SProPeTetoR R egplapdotiowed

aby 886 61 mbRAtGRAY eemdk ehBstoRinti e ke fRSUlEiAE 6@idhed minicell
techni ques_descri bed herein ri%lébe enpl oyed in
vEFePaiasoroMMsantefesprlyt e Bsthadfushesiegadesions or grorefiltration steps,

dgsf%é'sgg?mﬂ Rz%( dPr e_ferred met hods i n_cI ude a

1 on o ensity gradient centrifugation and
filtration. Preferred nethods al so include
st r essThadunieell puﬂimw &dchoiquest dqsali‘tmdthebam nm:yibalenqadxbyed in

foII.ovvedmg filtr and ren?% of eno nfron%
VS| comBinggRsto; in aerf*@ae%a a dggireg Pl‘§ rﬁ%ared methods
( ﬁﬁhﬁﬁ%tdoﬁﬁ}nlla)ﬁoﬁ%@'d%s‘ﬁ? g'rrﬂhéﬂt Géﬁtﬁﬁﬂgh’u&ﬁ‘ Qﬁd BITaLiOY SPRKérred

of these techniques is”as
Divfeflede alsp ahclederatress- mgla@qdd'riamﬁntatlcm @ﬂ we¢r1t bmt@daclcsﬁﬂsgfollowed by

b | | | hi

oDl EhetnaiEmayny obiiiSsip T maER wiPkEloPe b Saemplaora
pﬁfeﬁ{&i (baehRritaly Cpidtsd inBiglre 1) @avedgloy28ll bf theSeetetitidues is as
the supernatant. Step B: Density gradi ent

cé&llomisf ugat i on using an isotonic and non-toxic
density gradient medium This step separates mnicells

from AR, cont aﬂiﬁaln L?alw MEk Ju.c919u ﬁﬁxm"elp %td&[ bacterial cell
i Rl oo Pr b

cel | s, t m ni mal 10ss o F’re ar ab
this step is repesited. Iﬁls\s/cephwhwhnpayrbefpemﬁ)tmedlaummgcﬂor about

Step C. Cross-fl filtration through 0, 45 filter .
to further reducgmﬁawswna%‘eﬁ &985938@1%“6%1 cells, whils leaving

contam nation. SteRiB: 1§t¢ﬁﬁe§l§,9mgglﬁped filanmentation of
resi dual parent bacteri al I's. This may be

acconpl i shed by subjecting the m ni cel | suspensi on
Step B: Density gradient centrifugation using an isotonic and 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

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

to any of several stress-inducing environmental conditions.
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cells. Step F: Cross-flow filtration to renove smal |

cont amcRaE-S, SUQRHBStH gg&?}{

fragrrewﬁt&?, ‘bact e%@%ﬁ%&gﬁé?@eﬂgﬁc ie@li(?)(ké:h%’n}:10| s,a?r%%gia
conmponents and so forth, and to concentrate the 5

m ni ceStep.F:A 0. 2 Crossiflavefiltratipn bereamyk syell contas@patsaswch as
mnicells fromsnmall co mnants, and a 0.1 mfilter .
may be enpl oyedﬂe@bé?i}?g’g. _r‘&?’él%mnﬁi%@&ﬁegﬁs’ @cggﬁlaglébm’ nucleic
Dead- end filtrat ks, nfed®d édthptmkhts ahdl SORIMNOWS 8RMBcentrate the
bacterial cells. A 0.45 umfilter may be enpl oyed for
this step. 10 St gpniepllsRehBlaim Gilteemdpborinployedm separate

m nicell preparati.on. ti-Lipid A coated neti

beads may be enpPBy&es FW@ captaminapisyand @'&IH“%@S‘&PWW be
the art can inpl efBiked & ddbifft fintdigse steps and
incorporate additional purification steps, consistent

with the principles outlined herein. The foregoing '
met hodStepds: pur i Pgadrgndalitation & elimimatedilimengoasdadd bacterial cells.

purified 15 m ni,c reparati.ons usef or .in vivo

appl i cati ons sucﬁ(gé% F‘ﬁ‘&ﬁ%fag‘gcbreieﬁa’i"XeﬂL#Oftff‘lS Step.

PCT/ 1 BO2/ 04632. These preparations contain fewer than

about S$tepdht am nRemogalpdesddtoxib &€ theahinttell prdparatibR? Anti-Lipid
mnicells, preferably fewer than about 1 contam nating
parent bact eri af* ated npagnetigerads may deiegipleysd dor this step.
preferably fewer than about 1 contam nating parent

b . e _ _

o e il P A R Bl R R P nd incomporate
badstiteeriah purtiédatiop eteps, Gosistentivaitt ths priacigles etitlimod berein.
preferably fewer than about 1 contam nating parent

bact er. . per .1011 mnicells. Preferabl .any .

cont a mtﬁ%{oﬁ%onb%?lgﬁpg%%% P 8’?*}%% %a@ﬁrgai g’ﬂléw%gé%?wg‘ﬁémﬁed

t hexdes1pprepanadsarsfullfor pobive apliafom Wich hi 1hB:P@dsEbed in

bacterial cells. Also preferably, the purified o

m L ABPE/Op & al et Breparafiens wumdn By shanypbpyicecntaminating parent

eRAR DX bEl ggcioﬁ \jrgﬁjvél?s[ pRENAIS tféwé}% ciuad: £ aBBAE parent

bacteri a, menbrane’ fragnents, nuclelrc acids an

i btcteaing béllpar OF anmposlntoeye préfergie vasn shay abexipl ednietinating

m ni cel | pr epﬂr@tni IS Nfubs‘t‘ant i al I'# f ree from

ohitiat der iRk e bY eparatli-Gi=n Bt BicHE Ry e dhqnyabout 1

| st B bl CAr=h @M 810k $RARY OXliMice I, ahBY & fork PAFerably fewer

woul d not i'nduce an Inflanmatory response or

efhdoalnitd sohtpoknatingparsat batdrial SlhpéraiOf ymirdcetlisnPodirhbly, any
aration is bst. ee . fromcellular debris

P({fo%?qmlggtriﬁgdﬁ)aﬁ%ntigftﬁpglgeiléérle%egc{, and these preparations do not contain any

live parent bacterial cells. Also preferably, the purified minicell preparations are

1

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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ug gj%ﬁend(f: q.*t&cla‘}eﬁ%t i‘?l f;‘ﬁf}% [§ mﬁgés .(Iqﬁélﬁrchgﬁg 1? gﬂow overnight in

ex" 'm xer” )
bﬁ ME%P@ faft 35’*@? ’g&éﬂaﬁg?‘&guﬂl(ﬁﬁ\fﬁécéﬁ%@ @ﬁ%ﬁﬁggﬁ:ﬂ 13,000

inas st wat er. The sequence of

r ﬁﬁﬂﬁﬁ@@ mﬁlu(ea,)thé suPertant issdiédatded, el t8e cellsr@pshdended in the
m of distilled water - resuspend, (c) dep03|t

(25%v pragen (deseribedhbgowkusing e Kot mpieht Ehls wyhed gus and
oﬂl%flﬁ'te?ﬂi St 1R 0GHs ftd1e &\%giﬂglrﬁ‘ §Isp %€ a BnGfi 98&9@0?’&1&@1@

ron1un1neta osfied in a enosput cl ean
vactanT Bpitjuerceadatagents Tha) ¢ mitoé’ dissfletivaens rgredek 41 1 ml of
cigelebeicr Stepaens GLdmmpainertpl o & Sof Pigomheginicn PIe ) dry
( cgjxpelr%f gfﬁ.s ét%c’@ f(eﬁﬂéﬁﬁ#ﬁ&o%ﬁ?osc%ﬁﬁ%%ﬂ S‘f dhfi‘%mmm metal

rrages erent nmgni ations are

@@g%“fﬂ&ﬁmw\ Hbcpit Namaashay §niicgtddideThe cdhed E@sUhes are
show (representative images of S. typhinurium m nCDE-

straiipchyen 28 Hedn Srf gldrfégiuggm DyaniH et Llp«drﬂé}nltll« FOSCOPS USIE

[ 4
SR R Bt R IR O Ul QT PN i
sD@fit] thddes aedifferent haghiititichs des reéordéd gsmgaﬂlmwﬁhve digitizer.
bat ches show resi dual bacterial contam nation. The

O e T Bl S S S i B Ui
shown in Figures 2A-D) that parent bacterial cells range in length from 0.9 um to 4 um
and 0.4 pm to 0.5 um 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

through the 0.45 pm cross-flow and dead-end filters.

t
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as mnicells (Fig. 2A) leak 30 through the 0.45 pm
wonosgi3ioow and dead-end filters. 14 WO 2004/ p@BAB2004/002091
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fafecipadead filtvh StesetrinugBE SRAHARTE giet W@Wﬁb‘?ﬂvémmem can
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sﬁlamjems of S. typhimuriumand E. coli. Al bacteria
are grown from glycerol stocks maintained at -80C. S.

typhi muri d E. . col {rai.ns. o) K
Trypt rqg-é{assiu @anpagirﬁtei Jr,}qéé}yp(eg%lalc acl ﬁ%al ur Cr}g%cg% (ﬁ;ress inducer)
10 Beginly kihie fildnyekaoalof niNEWé-proslutiab bagteridltstrais P Sp@p/eighurium
" accor d| ng to the manufacturer's instructions at 3Q

gl E. calid Adiitasteriaaedigrawn fRbCglyoerol Sogksreintined 5t t80qG|
culture is grown in a shaking |ncubator at_37C
R il LoralLirains A ST WIdn 1aVRIGRRESOD: Brogp'SH (BBL brand

f
AR 000, oo ERROATIARAST ot Brprine o
Vth@ hfinu A thr@f Smataictiohemed Si/grani autvalaved at 124%4e dor 1t5cmlnutes

each vial to yield final Nal concentrations (wv) of

15 Oigliciandtus i grddvh ind0khaking¥ncubsivy atR 750, (B4nighttbbastdrigioeulture is
The cultures are incubated statically at 37C and
schmbédahSZ)@Oen fibstal B8 an@gromnl unml @Dmmlrmobes 0.2. fiibg culture is
alnd. 24 hr A zero ho sarrp dded
v atdo f6r5 il gy ot R 2B e e e ade

3, ehdh ¢dPro eﬂgﬁaﬁﬂl Ng@l &b?xe&ﬁfa'u@hs (W/V)Tbm% ‘%J:dntﬁéﬁ' bet 59, 4.5%,

are resuspen Ln distilled water. drop of ‘each

sempPh. 8%, svpl7acedl R, The ghlagss &t mﬁmbatad staﬂcammtaavacrmtsamples
fixed. Each sanple is Gramstai ned using a 95% al cohol
20 washbbgidlongdrby e arhrsart dhiia. #1 sodher-ontm Bmikng oo

m%t%lge%oz Ellnu-llé:gf(ﬁ;yl %h% an?nﬁgsr %é g%‘}{gﬁ%@{l ﬁ,tz @26@@%%%% € ba,ctena,l /

biyritieangelefs e tegu@anm 1ﬁ amanad airadsr Laj drap b%aclmgmple is placed on
nanagenent sof tware. | es are vi.ewed at 48X or Q

| Eapsilis ait dll@fb@(ldrm@hﬁﬁde Ftach samnlR ds GREYEaes dFh Lo
a1 EoHTRERh Bstio AU oyl ARSS AN ACA S P € nfif! 4R WAtkYwHh. The

25  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 perfornmed. 15 WO 2004/ 113507 PCT/|1B2004/ 002091
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reliably turn into filanments (Figs 3B and 4B).
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wh ecr, ed filanentation J osrvdat t hese NadC
%}%&%‘ﬂ IS saltoRemITpRs 3 % qug% aGlha Rofdial reggon why
t 8@ratasd AlkendNRon GOSN 8t theRsNAR Joh@enh%?&ﬁser ial cell
viability is perfornmed out using the LI'V

BacLi ght Bacterial 15 Viability Kit (Ml ecular
Pr obesA defigitive studR of themffectrpfgh yari a§}l sonceotratieyis@inghe

B T R SRS R SRS AL SEEAD B A e
SVbiiity ®iif (fl\&diled:u‘laﬂﬂrebdfs Bhigdne] ORt USPENThE Rit @mpRAK Y nucleic
bacéjerj al cells., SYTO 9 stain |labels both |ive and

tBue+ B ggpenyfhorescqnt SY TAG P sty ansl e echilnergscgat gromdium
PR 058 O TR TR

présertt tai'ﬁhalszb lhatly vbact dmid awetih Th nb@ctst, wmﬂﬂlaﬁ'ﬁlﬁdldr (PT)
quo esce reen, ile dead bacteria vvlth danmaged

e e sl Hagieds vl daoeshigemBives. rucing ¥ £0 Dbjorescence
”\ﬁ/ﬂ&f bt Gyéd dre 9fbséht Wus '11'v9 @a@ieﬂ@wﬁg 1ﬂth&t&ﬁéﬁﬂ%ﬁég fﬁ% sce

is 1C at~ated,

szApl. edikglead h@ctwwmm éam@gad mmlnl@murfb,tou onsrar &he above-

obt ; ed I r entri fu ed at 0 rp o
ot R s QAP Rt aERHal Pri nP et P B g
20 ang@gYIpendpls fdr tBDGirloud NaBBtoncenteatitns afe dbtsRiPOrHe s’émples
of SYTQ 9/Pl is added to each sanple and incubated

fa5F camrifierd atrhb2 Qi supeanatans dicpided g@ijbaﬁterm/nw@em p@&iet is

SR RS, BB ST
pﬂaam&jamhnall@lealsfsr 83 indle, Tl sranqﬂd:s%e et gy fiteld, 200 P

dro Bac
supgrnatant c?lscarc?elgi 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 DMLB 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

magnification.
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Mounting O |. Each sanple is visualized using the
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bacterial growh and ceII di vi si on, and causi ng cel
degiipleBatpé of Blologii&ﬂy@bniplaﬂbhagiemaity grafieptanedindo separate
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Fingpst saiisolls from piveat agseria AB odesT comPmERTS. 15

Post-differential centrifugation of the bacterial cel

I m ni p&d:1difpdsbhtti BentBfugBti@Ndf the Bakiteril dBIe) m@ficdipaiifikd, l
cell contam nants were elimnated by density gadl ent

cagmﬁpanxgnam‘b@nommalapeﬂ. contsgiinats yersshipungted by densitygradient

B BRI Bl e P B iy R et S it
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Aust r al
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Twent ree es were collected from
t bentrifuged 252 @00@ /3wl zTéWemty-ttheg Aml siuwplss W@mﬂqmgzﬁﬁ@ figm the tube

O b San e S0P Shfarath o Jfasign obiective.
THRe RRItSHBNRAB main segments as shown in Figure SA. T he top segment

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.

The crude minicell suspension (upper band; Fig. 5SA) 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 OptiPrepTM gradients as above. The results
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The residual free endoto Lirl was renpved from

pag followd. Maghneted beagds eqrégdavit B@telaf} ﬂbynabﬁ@_tqul@ﬁbt Norway)
bead G ' )
NP RRERER bl ol 8™ By ERPR antib s EllopeRenSaco, Maine,

pokyg] ahalandbéd:biedisf Bidesign o rSaEnf AMEBE, Grath-bA)ive
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LipidA antibody. The excess antlbody was ehmmated by washing the Dynabeads-
Protein G / anti-LipidA conjugate 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 supernatant. The treatment was carried out 3 times
with fresh Dynabeads-Protein G / anti-LipidA conjugate to ensure maximal removal of

residual free endotoxin.
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1Lu1ﬂlfiiu'§§5&» mnﬁ«rtt heienificainnooubato daumeddl c2ikd Bfe supern@aid
cul ture and incubated further at 37C /. shaking

( Smpiple 2) yvas goflected|and canigabaigd Py BAEHIG 1éthf9/ugl’eah? Py fgesg-flow
ahltgrogﬁ% ﬁ?@oﬂ vial ﬁﬁ'ﬂ%? E&@eﬁ@a‘ge ) gﬁtéﬂl%?%%@atsl%%m /

asig nunber  of bacterl
samtmataarﬁppelﬁcﬁaf@nmmge wabthe alihieell ebbhcaarth! celhpdiet W&B ed

by passing it throu a0 .1mcragoss-flow filter
susﬁoéﬁg%ﬁﬂvwgl fju?fflﬁg Edohcuiblear ed! By et .:ﬂa&a&% oo

R e e e S e oy
]Int@rﬁamdrib.lPtnytdI Sydnkp, BBGalid) usmgy kologically cempatibie medlum

d 8%fcibre¥)n@ (Ax1s %h?erllé §L<(J6]t)unctiee Scotland), and 1ml of the minicell/bacterial
cell suspension was layered on each gradient. The tubes were centrifuged at 2,000g /
20min and the minicell band (Fig. 5A) was collected from the top of each tube with a
syringe. Approximately 24m] of the crude minicell suspension (Sample 4) was
collected and centrifuged at 13,200 rpm / 30min in Eppendorf tubes. The pellet was
resuspended in 12ml of sterile BSG and re-processed on 12 OptiPrep™ gradients as
above. The minicell bands (Fig. 5B) were collected as before (Sample 5) and re-
processed through 4 OptiPrepTM 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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129% were prepared in 25mL pol ypropyl ene cl ear
centrifuge tubes (Livingstone International Pty Ltd,

weypanray3soAust ral i a) using a bi ol ogi cal | y conpaPCibiiB2004/002091

10

15

25

30

gedirn1detiPrepTM (?xis Shield PLC, Dundee,
¢ .
W@m&waa d Gyrerit 95 b BrteratRERt HRE cpdbeto
t i N 0
R i AU, 01 ) B

V\WN) vais a8ddd 1o giee suép@fsmni tﬁatrésisyhe?ﬂﬂﬁg bécteried celivatel inhibit the
m ni cel | suspensi gn col | ect.ed and

CRIRESS P g forption dmflw?ﬂ @@%ﬂ% i TheESPIRERRIGR 2 isgbated for

THi55 B Pl o SRUSRERAR: LAd Bl alnah LS S 00
T&ﬁwe&ltéu i‘{—@d ﬂ>acte@iaﬂﬁ1a§fdn& (Sﬁ\%)c;‘)lé/\@r qar@au Liretred ;ablatyr e

(Sanpl e 5) and re- processe hr oug Opti PrepT™M
gGattraptis (380ughol) end Kanamyes m&oga/nnlh wsrecadélad tQy hpfsug@nswn and

E:lg%ﬂgﬂe@{ @5\? Qt%f?ga}g k}lﬁé 1v1¥5% 1}% ]fsl(%?gﬁa 5).Cﬁ1e suspensmn was
AR I RIS Sty v

cRpbited ingerle B (Samplel o) Thoapmtas élimidisdd all édnfeahinants
concentration of 5% wv) was added to the suspension

t smater @Iy@ 0 2em ffongxaappiesizeecanidaioxive lysed harderial ﬁn@) minicelf fragments,

CTR Bl R ST R MLl P PRt RRat Hoto eth el sydidicion

eRet tBed élﬁhmméa by Phsdiniethe esluam rbigdht (bmghﬁ fDe%H—eEa& |ﬂ11‘>ér The
are converted into bacterial filanents (Sa

Bsmamsme&asrqgchdda toai SOsl voluare tahpassing (tztbmugh mlpoléa@ Cross-
oYL hd ook B 3 PO o le AR AR e

( SpeRlaeindivas did€arSeSARINGE ?élléﬁ/as&s rmqﬁeﬁded i lanigderile BSZNiSample
cross-flow filter for buffer exchange and the

slibp dhsirendweh eq ondaiesn Stas remesdi qﬁll@t%mab%ads@@f@%‘ﬁﬁ% ugated
1%) antiz 15158}&% ZAESRS u?#ﬁa& b@&'il?ﬂ ﬂ{ o}%le Go P[th?'rﬁ]uﬂﬁ siu 58

or e ree en oxi n, yse actel
and m ni cel | fragmants nucl ei c acids and TSB
nut r i eBhsmeBaoed ef mnalicdlls Iaadrbmctterizﬂ celis wirecamied @ubly Flow

S}és’g’g?%%{oag ﬁ?lﬁ’r@ﬁe f‘;ﬁh 3 e}lji &og‘% gl?g@ﬁ?p@?l'ﬁ@%}%l procedure was

Sl‘l'&l@[?ﬁ@l QQw ‘:"lbﬁonﬁ’em gl‘kgal afe P, & 519% anh’x“% QMJ ’:l;q.lfﬁ ol the

passi ng’ Cross 15 fl'ow filter

t Qﬁﬁble %& Eﬂcﬁb‘zﬁ@@ with 315004 G9tdonsrt A0MhdedcontiBle | (Rlolddagir Probes,

m ni cel supernat ant was di scarded and the
pEbgeie, %ﬁsUSééu Thisrtye geivpeatesi intgeteanid|demB g emipAngs of bacterial

Dﬁ%}&@gﬁ %gldgﬁ% Oﬁelgllgg%e gco tC?Cfé restu%%lile me%%a%@s'c@tg bacterial

apdlisb ae YuBsreHREREY fadics Webasidven that T his6 péﬁﬁealtds&ﬂe infinicell
a~eal al e 12. Enuneration of mnicells and bacter.i al

cBlembrapgsnd sesuite in graen Byorescsns recombinant minicells. All samples were
counted on the FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, USA)

using the Cellquest acquisition and analysis software (Becton Dickinson). Counts
were performed over 30 seconds on Medium Flow Rate with a 37V threshold on a
green fluorescence “FL1” trigger detecting between 515-545 nm. FL1 PMT voltage
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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20 Cytonetey as follows, Each sanple fromthe mnicel
purification procedure was t -~a

wdi2at11350d, appropriately ir carf yy T-"prooxi nRCT/IB20242)02091
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tol 111lnic ils and 250 1 of the sanple was
i ncubated with 3.31V1 | t09 e fl oresce
(O 8 s a0 ™ cThany BAERE Wiy Woguished

P@Jsé@&i fR Halls 6P£heﬁr&ﬂff&em edls9EhA @ Flﬁoﬂé@&:h@é i al
's and binds to endogenous nucleic acids resulting

|n green fluorescent bacterial 25 cells. 1n our
prel i rfreesulistshaived (Rigs 6AL)Shaswh therstart ofithe pugfication process, the

PG BUR e B RAHE ARSI A (5 aiee EEER) and
%ﬁ@ﬁaﬁﬁo&%& 0 %@%%ﬂ%&%& ltog : 91[.0 &Fﬁ?gfl}lga{sh yield of

a@%ﬁmbtegns and “anatiossl st sekhaar e (Becton Di cki nson) .
Counts were perfornmed over 30 seconds on Medi um Fl ow

Rate with a 37V threshold on a 30 green fluorescence
"FL1" Thd prgent baeteraltdeH gowait(Rie ABbaBhe aommenogment pffhe procedure
vol t age set.

550V. Sid
vws& %@é%&géﬁ%%m{se?%%‘zﬁrs Aﬁlp ﬁﬁgﬁﬁﬁﬁ%ﬁy éd&ff e ba%%%i The

L ot e e L

C}ﬁlﬁﬂﬁ ofwatibiatic avathage Af thts podqiche tations miﬁﬂca]il badtérsal @plll was over
Bacteri a were._ di stingui shed based qn

O au s Bl RS EgHeRA RS O 01 G Reerishggls in the
SoiIdSnaRRUE dA L @8 afdbibtic fr@@itnefi’tt all E‘.ﬁnﬁ%@ﬁﬂal)%fedkg}%able plate

purlglcatlon process, the acterial/mnicel
ccdlmtjassaycmveatledj thegessrenelin IWGBJa&tem@ll@llm Qu@etltafgve(l?-fﬂ@ analysis

6 ra ual S. Q rred Lou t he

ok e e S Demit PR s RE S E oA RO RHHg ested the presence of
RS tﬂéﬁ bizhy ba%téhai- Pfll fgiegd E‘éll?%!l hg'! hnﬁg@ nﬁﬁHGellsThe

par ent cterlal ount B at the
connencenent of the procedure was S|n1lar to the
m ni cefhe firBelss - it c@int irepph oxipit Blgy 665) 541«.»1@312?1% 11 11:1«: start of
bacteria. The purification process resulted in
ethiepurification popcesy the sa0pb-criad apntorEntgly 1<9e|En§0@Pﬂrt H@ts EU).

10 point of antibiotic treatnent. At .thi oi n
- &b BUgteciensadde PPPaERaely dD. pibanthehird grasient 7y tﬁiatmtep (Fig.

ggfgf §d 1F| 0%/2:0?( Sﬁﬁh{1¥ﬁ{r§g$g{1§ Fﬁgutﬁr ?rﬁﬁ'xl gl d/@%\ﬂ%%@ﬂ@l cell
ant:pBidd ©ad ineataneint T5a dor S;&H‘@lld&&d&ﬁlalhlyﬁtedutbyﬁgl @blemples 7-
pl ate count assay reveal ed the presence of no live

bgichus miaalredyetd to. 1QiaA0| Ebtin websPpRnbperi festion sfeps- t he
presence of genomic DNA in the final purified sanple

led th f t
bact or it kutanT tgtigauea sy RAnS GRitgL TY PBEDSFedaf fige LPS
The isrrﬁf%eﬁ&%ﬁc@%h@L@WRtmélagﬁ@ﬁydﬁﬂmi@ vitfileGhe &4gbohydrate

showed that at the stal _ - . _
segment (core polysaccharide and O-polysaccharide) are hydrophilic. This results in

micelles where 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 million
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

since the Lipid A moiety is available to interact with mammalian cell membranes
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the purification process the sanple carried
approxi mately 109 Endotoxin Units (EU. The EU

wdeorgased to approxi mately 106 after the thir#@CT/1B2004/002091
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gradient purification step (Fig. 6", Sanple 6). The

EU i d | he .m | I/
st B 5 oo S5io s B DA P N USRS T gl are
Sﬁ{(ﬁ)tdxﬂg;qg%ofl | arnentation (Fig. 6C, n ple 7' - 9)

but was reduced to 104 to 105 EU in subsequent
purification steps. |t is known that in agueous

sol ut i Beesminiealisfof ghis ventienpre BsefelfRHNAY v isgapepis apphigations
t !
\/\%‘c{ﬂe&?‘% h%i)glr‘igl@%?oélrﬂ} cdduft 8 £60ulRd &t the rgmpg '\PRRO E!P z e.,

segnent (core polysacchar |
aérdioﬂ}xﬁml 'ylseaEAhassajrehomr hiycdismph all three fonms of 881 tﬁse iform

25 nlce ere t he phobi ¢ id Ais byried
nfelotie gl ghieh (e SHe % Seaeget i PRt epdbigRhand
t fﬁﬁn@éwﬁﬁ’fé%e BOYd @B{'ﬁi%tox}_ﬂ)eﬁ?céﬂt&‘é‘ﬂ he %@L%lh')’@%lﬂoﬁy only
be present 1 n a range of fferent nolecul ar sizes and

cqrpehm tabinddo ged esmuetehafrea P8 isinge tf[@aautlgnlebmﬁm ditesof the

att edtoaba or a.mnicell
RSttt Restos LI Adn fiodenor RatpiBise I ahgt [fanticen-
ap@ding sied ar8Bubdlot oxin. Free LPS is an endotoxin 30
since the Lipid Anoiety is available to interact with
mammal i an cel | menbranes 21 WD 2004/ 113507
PExampleco4 Detergunational free enflotexin deviels s puyifipdominicell

is not known whether LPS mcelles are
&%Fg’t%%%ldr#s in-vivo. The mnicells of this invention
are useful for in-vivo therapeutic applications and
h ence Tbodempuonstfaictht abovepn oereed wf furtlter txmumeshtowerelvenducted to

Bt S A it R o s
( ﬁlﬁq%l%ﬂgratléﬁ 84 ﬁe@ﬁeﬁtﬁﬂ?‘t&%éﬂ @'tﬁﬁeskfﬁf ¥ BHY8&RGva] idhg

this is not endotoxin) and mnicell-surface bound

( frothleprgpanest Dypabaads-Pevieinds anthbipithti conjysate andrem pasdly

cPorlie-PRR TP Sindstial R o0 LBy WP LER A yh Fined

Ciedl]l aep@sfonlthitiiflexpectednd €4ty £53 GrnisfilIASACE., free form,
mnicells since the ant %]%en- 10 binding sites_ar

bopigedlar al@@gmbq -wrfaceamernbrng et (BY the recovessd Qy@@q@ds -Protein
L{%V/anﬁ 14iB dpAW Jﬁﬁghgﬂ Whﬂ’hga umanye ?lr Bu‘&ﬂ& ﬁel%nn LPS, &) the
enonst l' es o

ove Seri furt'her "experinen
warerieodmd ftﬂlo@dng o=ntditzeron steninat! sfi: qrenmoﬁ al FE&(ULSrmn /: ’Umm
actually measur ed

y the LAL assa ur|f| d 15
NRiis é%sma Hlepariam @r’] L EREREH iy BTN prfigsthe
f Bicdt PhrhiPd SARVEE fide gt JhBﬁﬁl*ﬂeMeﬁb@&ﬁSy‘?Qnu Lipid A and the
Dyna s Protein G/ anti-Lipid A conjugate and from
eamincell—bound LPS should be found in the minicell pellet, (d) the pellet from (c) that
was resuspended in sterile pyrogen-free BSG. A series of controls were also included,
e.g., purified S. typhimurium LPS (Sigma Chemical Company, St. Louis, 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 did not contribute to the observed EU, etc.

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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purification the follow ng sanples were anal yzed by
the LAL assay; (a) purified mnicell suspension that

woomxpsored to carry all 3 fornms of LPS, i.e.PCTAB®04/002091
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form mcellar and mnicell-surface nenbrane bound

b R R s R AR SR 8 el af s vy bl B ftampte 7.

L Pfis rés@ﬂt it bignilas bp@an@bR M Fibo6¢ (9inigle 2Nt Thd dugainbrnt @Blumn C)
m nicel|l suspension .at 139 00 rpm/_ 20maxiit afte

Dylse Berzigd 2 migpifigant @nguni af EU angingesnmaplythatah the rrnffpléar form of
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pel | (d) the pellet from(c) that 25 wa
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I\/EﬁEIUJSA'hls vtaheeais ﬁdlchnlmher[ﬂ;mahe aui@erﬁrend@omn@tamdards for lot release of

APuER DB a6 TSk AR iR QFpbES B Lps, ™ ¢
di  uent sanples to ensure that diluents did not

contrifpdgpp £ 0 the observed EU, etc. 30 The results
showed (Table 1, below) that as expected, npost of the

EUthat is nmeasured by the LAL assay s assgciate
hith the mnicell-sudface mentiranePhounfi 2290 D

pSamplE13507 PCT/ | B20021imerlloo1 | Repseted ol (ifiper) tar\ﬁhu c hMjnégell pellet
not an endotoxi n as SEERTFN t Iy yPﬁl?ef’\?f’vo %ffeﬂ b | Tesuspended

exanple 7. This resylt is simd: nf_lLtg) t he > 8% yl n
Fig. 6C (Sanple 12). (The super nat anfpd(caf S0

_._f'D

...dl I Cu ad Sl glll Il cant—anount—of EE‘U/‘?rﬂ'B'for’igiﬁeﬂ 'ly lld.l

S el kA reddMOf — £PSgiMce eachy samnp ad
DL8MEOUS| Yy been procegsesh W thagbe Dynabgagbs- Pr ot ef §191G

ABerafirke dabifb:6h An&@njugat e. The 1 nteresting result| was
sgo&sd N col unm B whi ¢hgshowed | 36.hat each2,tione t he | 16,940

ntiir 3L inpd cddAodmreat-atent is carried out, the only
apouert S of free form| 26.P8 t hat 186ul d be| £.03nd i n t h&,09

el Bk epdlatixéatbrhovplr epar at i on {was bet ween 20EU to
ABPtess Thi s val ue is mitR39 ower 26Bhan the! &81% ent 11,620

2

WAt Haceuti-cal-s—whi-eh- 174235002 ics 15,080

eAdBtoRrarrdatorindsral flor | ot rel ease of ar ent er al
CAdnen ( 5 e T Y

2000). 10 Table 1 AB CD Sanple Mnicell Recovered
Supernatant M nicell pellet suspension Dynabeads-

after mnicells resuspended Protein are pelleted by
GEantipld 7 pild-wientaniffrogdiondhat purified minicells carry insignificant levels

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
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 all animal experiments were performed in compliance with the guide of

care and use of laboratory animals and with Animal Ethics Committee approval. The
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A EUmM of on inal solution After 1" free endotoxin
renmoval process 15,560 43.8 3,490 9,910 After 2" free
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After 3r free endoto.,Lin rcnoval process 26,920 19.0

2,143 10,090 ter
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re 'Eﬁ@he]ﬂ]@l?ﬁé (SEndANIW, Budrda) The HEE wdte aarpﬁﬁly?observed

In-vivo contirmation that purified mnicells HQ’ h
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oér»dnﬁledal mlldifdvynfom theultet 2dhee Howenetghparicegieerisyed afigs 3 days.

et et pir e e RAG w8 LR RpEnan sty i erfUBt

AU IR xiE YRRV BB WE aBv R Sd §i0¢ Bfsttd ahdaenmipined healthyi tmus
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wiugiested that thennvd steporfice cadotappreayal Wes gssentiahf the ninicells

2004/ P I,

p&F fi%% tglo"felq %ﬂaﬁé%ei iodl g’ga’]"ﬁ?ée‘”@%‘g (rae %gﬁ s mai Slﬁ
animal facility at EnGEneIC Pty Ltd (Sydney, NSW
Australia). The mce were carefully observed over a
period of 4 weeks to record any signs of endotoxin
shock, e.g., fever, lethargy, |oss of appetite and
wei ght, and subsequent death. The results showed t hat
W t hout the 5 endotoxin renpoval procedure nost mce
rapi dly devel oped fever and were lethargic wthin the
first 12 hrs. Mdst of the animals died within two
weeks. The mce receiving mnicells after the first
endot oxi n renoval procedure were nore stable and
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Iﬁ@féﬁhgﬁgtéf&gﬁb \ purification nmethod that conprises

subjecttn F'containing mnicells to density

gradi ent centrifugation.in_.a biologically. co tible, . .

Tedi unl  whSRUBCRIR BaRPL R ot iicr e dnplc tottaining

CRMiSNIsNA Absitly &R c&RfRIo8t b1Pin0PbidioRicallP dsmpatitle medium,

m ni cell preparation. 2. met hod according to claim )

1whéneby huamiceltsrase beparatedalrom epntaminanis igtseald sample to obtain a purified

pertoqE}n mgkgferential centrifugation on said sanple

cOHYSS ]ﬁg A cells. 3. A method according to claim

1, further conprising at |east one step of filtering

sai d sanpl eAan¢thed ascoglimg toi ddaid §.further Aomptibiog a preliminary step of

accqgrding to claim3, wherein said step of. filtering

segriprming difiereantiak ceniri fagation onsaid Sé‘m@ffp‘fo 4% TPESELS: one

filter enploying a pore size less than or equal to

about §.2 My Rethdll BROLABEL RCIARLH, Farthe o6mPHiBng at WaGIoRAL Btep of

said step of filtering said sanple containing

nfilterineg dagd $asnpde clevainimgdnihicells.ati on with a filter

enpl oying a pore size of about 0.45 pm 6. A nethod

accordiing tq cl.ai : her. ¢ IS . .

roatifo sArfeBbdhebouiitiolifinf s Biciah SR g cod

agdnfle ebhtaining mididelk boglogs aleabt bge fittercdnaplayihg awoer @zdless than

said mediumis, isotonic and non-to-dc. 8. A nethod

aetcwsiugl lopbewt @2 8 1, wherein sai d medi um consi sts
essentially of iodixanol and water. 9. A purification

Met hodst hat AGR0Rbd SEBrAHPICALTS yhPAHRAR SRBM IRt iRY sqid

mnicells to a conditio hat 1 duces parent bacter aaf

Cc&dnhysie tontaiddy mimidells drmeddadend fidtration wittea fifted éneplbyigg a pore size

sai d sanple, whereby nminicells are separated from

paf &wut B4ét@ki al cells. 10. A nmethod according to

claim9, wherein said condition is an abnor nal

osnotig congit [ |t : ;

utri eﬁ't O %@F‘ﬂn{gd %%%glﬁj???r’] chgt’ﬁggl,ciﬁﬂﬂér coRfprisiAg the step of treating
said purified minicell preparation with an antibiotic.

7. A method according to claim 1, wherein gaid mediun is izotonic 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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WD 2004/ 113507 PCT/ | B2004/ 002091 11. A net hod

according to claim9, wherein said sanple is incubated
wono@/11ssppert oni ¢ nmedi um 12. A net hod accor di RgTAB2004/002091

claim9, wherein said filtering step is a dead-end

filtr ‘i‘é).i onA%Etjﬂg@ a&!‘ok&iﬁg t LARMPY | Wir&in RAH SambESis Kicubated in a
m 13. A pu h

about "0.45 u Ificati'on nmethod that

bppptonianedia)n. subj ecti ng a sanpl e cont ai ni ng
mnicells to density gradient centrifugation in a

bi ol ogj cal | tibl. i, : ' '
sai d Lol SRR AR e T ERt P pae SRS ER g dead-end
ifMeUHASYIRAE BNMér enifl6§iBE b pbreid & aboutalidbima f il ament ous
form then filtering said sanple, whereby minicells

are segar ated from contam nants i.n saBio%1 sangl eto . .
obt ai A3a pdypurifation mether that sppEpesRliybicpyng A sample containing

Lol Lt i34 i B dofpatib b dim, and
Bifhick 8ot/ Brhdion: BERRGEIA 4 PRI BN ofiFiblTheiin, an
s)nsnbjeciiiondaid sunnde odnthinsigl rsinickHs tofe coeklitouh thatdodubes garent
claim14, wherein_said st of r Vi ng ..endof oxin
GriF) S liie bt BIAReBRLS By theh TGRS SRR Wheby
AGAREM 48 stfrfbPhBnDonfattihRd inGaiNahPld¥@ Jbien 8 paRfied minicell
renmovi ng ndot oxi n from sai d sanpl e contai ni ng
prapacdibhs. 17. A nethod according to claim 13, further
conprising the step of renoving endotoxin fromsaid
sanpl e ,cont,ai ni .m nj gel.l . i fd '
Char. ddmpr roelidifh HeiRd oy (L RHh 1 hETHHRE RRLRRE he
RiePiof edrhevih et Yrof @il @iple evtitaining gaihicens.i n a
bi ol ogi cal Iy conpati ble nedium (b) subjecting said
sanpl e _containing mnicells to conditign th .
i nducds- parAeWFﬂ’Bg@F@I@é‘g to glafop ég’t"&heéﬁ‘Bﬁ?lﬁét% ‘Taflefﬁ‘@ﬂYIB%s
f ; Islah 81150 A 3hishogdpl e, and (c) renoving
gﬂ%ﬁ)}c{}%i@ﬁ{%}}gm saIf1 sanpl e, whereby mnicells are
separated from contam nants in said sanple to obtain )
a purilbi ed Amethodlabcqydisgae eleino A, futther onnpisig thg step of removing
m ni.cel lfﬁPr «‘?Ag?'é?t ion, which was prepared according to
EHEC R 0F SR TR WA S ns fewer t han about
1 contam nating parent bacterial cell per 107
m ni calyl s. A2MHeiod 20044ihg 35 0RinPCT/ BREGONGORAR Ithe A0p oA
purified mnicell preparation, which was prepared
aeBoYing Aalaterin Fehetid s cRrtan|EIMINigGSHE cont ai ns f ewer
t han about 1 contam nating parent bacterial cell

13. A purification method that comprises (a) subjecting a sample containing

minicells to density gradient centrifugation in a 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 (c) 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 minicells.
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per 108 mnicells. 21. A purified mnicell

preparati on, which was prepared according to the
worthad3of claim 1, and contains fewer than ab®ar/182004/002091

contam nating parent bacterial cell per 109

m ni cebhs. urd £l i.ni.cel | aration, whi.ch

was pr 2 lrg'ar eg@%%?%e;&crlﬁfr%deﬁ g)r{ﬁ%gétﬁ)ﬁb‘fvﬁ%é%%fs P efpgfe?f\ apcordig to the

C onettlaidnsf clamel, ahd aontaine Biwet tiepribail NedntaginpEdEfdrent bacterial cell
bactegi al .cell per 1010 mnicells. 23. A purified

mPHi ceM5fedar at i on, whi ch was prepared according to

the nmethod of claim1l, and contains fewer than about

1 cont api natA sigiRaAr " J -

T cer s, o R oo B pRldBh, (ol ayeR Breppli ccording o the

s tisthodmficldimyl, padeontains Emgotloriaheut 1 @Mtanfinptirensaratt ibacterial cell

0 i s that is substantially free of cellular
aegrtS e

22. 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 10" minicells.

23. Apurified minicell preparation, which was prepared according to the
method of claim 1, and contains fewer than about 1 contaminating 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.
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