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WD 2004/ 032155 PCT/ GB2003/ 004298 MAGNETI C
NANOPARTI CLES AND METHOD COF FABRI CATI ON [ 0001] The

w@r@3msxlss nvention relates to a process for theCT/GB2003/004298

preparation of a stable conposition of nmagnetic
nanoparticles in a liquid and to a process for

pr oduc %g& 2*”? SRl e Hq&si’h&% VS B-EIE(?ATION

conposi fie prese iMVent i on’ have a variety
of end uses but in particular are useful in the
production of magneti c recordi ng nmedi a. BACKGROUND OF

[(‘g(bdﬁ]l W@Hﬂe%\htWehﬂ?ﬂr%}jatfﬁﬁ@@bbéssubr&héfpf’@ia&itioa|of laSstable

ecom.n | e 0 reas O

CPBIPoBHan B! BeGaRls TEhora e B RSP sasaes Tor prodiEing suoh

s:éuhtﬁpéfre@ih c?dltloauﬁl(o[l;gg ?ibmgasnorsuﬂ hueey&te@brtaw@smdrmfavarwvanety of end
er eutl ¢s et e 10N SysS

S R GHeATHA S UrRd e afaston Bhinag R P e (1Bt media

danplng agents |nks transduction and pressure

3 | S known that such
(9'28&?) W?@%Mcapsul ated, at |east during

LLASd SA= )

their synthesis. The encapsul ating rrat erial may be
d or reppved, on .c Iet ion e nt hesi s
G et e Tirisas B i st ReBs Alege s
tda(fhngfb@yafbt ?ﬂa:rrr\]mé dduistmlggmaetwmgsmtamnabbmbsel amaiilt:ht&)ns
endency o e rticles at e ere maki n
bR Ar Sraprtice i B retra i 9Pl R Srchgt S
c?fﬁfnﬁd@hbton&tﬁeh@dtanﬁeﬁhedla()se(a?é?ﬁs E@n@&@@ea&5&rk83ﬁa4fﬁsductlon
deal | once pwcgqtﬁgggjd g opar hﬁ”' te co iti onb
aé‘F-lcﬂﬁ grOso (HYGQH! feelt “81"’86 st W‘r{"rﬁ’ e&v(}“ay ©
eﬂ@ﬁlﬁé’é@t@cﬁ a@%éﬁ@ﬁhg@!ﬁblﬂéyntﬁéelsn alh@rwbépsmla@lﬁg =& nay be
VWhjlst it mght bﬁaﬁﬁgs ﬁﬁ F\ Z could o Haln an
relReg 08 LBV AT BHeES PLISIAPPRTES: by
c]?oo@] oi A c{]wm@ﬁprbbﬁﬁgélﬁbumerGﬁmd :laresfl prodiudirgy magmmml y
ound  that onpc t artic subj.ec
RRBPRIFIES Frine S ORGD D11% WS BoRARaToasts. {1reReakDp e
a@ﬁ&faﬁlﬁbﬁﬁlerﬁ&QQﬁbmHﬁKﬂeg‘s Jpigr camhes. & RelatabTech. 20 (20)

f di t
g Fotenam Bl fne et a TRt houst nppagtien shpuid have
a Hiyh tiegred ef slapmty3gerLigatdegree diraghtegatiorodf ﬂﬁmgmipaencles

b 55 Tt P SRERLI 2 o8B Btion o
nh\é?y’r\@ﬁ& hum?dpaﬁmbsl\@t@ploaing)th@ffmegheuctpkbdelrtmst R co'M}nonly found
success. [000 vi ous studies con
At Qnea Mg et('ff %@B?gﬁ'ﬁ?ﬁ%ﬂ@ﬂecf nRgT I r@ﬁ%"é%%” ey pecome
.Waytaggﬂeggtehave | argely focussed on size-excl usion
chr raph nd ge] filtr r, K 1997 id:
(RS0t Y4ty Aphigganemieh 86 SpAGRIons Hisaise by JsByants agd e
BRI 619 oW RTaEO BRargd ﬁé%l@édrﬁinpla'm 10 Wity @6 BRerodme RQgregation
nmet hodol ogi es descrlrgq M e reports é
raRierns hrebietcyanrariies ERe M. AR Bers EomBunRR A Crolpe
AGRndeAcyDE® 200d9D@atuRitiesin Nanostructured Materials) often with limited

SUCCess.

[0006] Previous studies considering the prevention of aggregation of ferritin-
encapsulated nanoparticles have largely focussed on size-exclusion chromatography
and gel filtration (Kumar K 1997 ibid; Hainfeld JF, 1992 PNAS 89 pages 11064-11068)
as a means to overcome aggregation. The outcome of the methodologies described in
these reports was not favourable in terms of recovering particles with a low tendency to

aggregate.
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WD 2004/ 032155 PCT/ GB2003/ 004298 [0007] We have
devi sed an inproved nethod of producing stable

W@ vpo33155 ons of nmagnetic nanoparticles. | n aPCDGBaUGH04298

with the invention, a liquid conposition conprising

t he encapsul ated nagneti c nanoparticles (or a liquid
conposition of the encapsulating naterial, when the
m@abs Wathieng deisest armimpreves metbo@ phprodugingasteblaisomposiions of

Hgfr‘cp pfaP[;CletSh %n 50S J@Hcg%tﬂf’ché Iﬁ@emngﬁlélﬁ? composition

partlc €s) 1S subjected to a nenbrahe tration
sorepnsmﬂf@ empwwdmnstlcamnqptaym@s (erreeliquissednnpasiion of the

HRAES Iaﬁngﬂ{bgm tv!/tﬁ-:lnetﬁe eh&p&ﬂl@ﬁﬁd rutedt & %gir&ein template which is

resistanc aggregation urther, a co
méegneiedifor the ferotation af ihermagneti¢ nenapartictas) isfsubiegiedtto @ membrane

AR anaRL gbCI'lﬂ% i vlé% %dedstgtﬂﬁ)t o?{h'qu&ltﬂ‘f rﬁé@{g‘u}f n?ﬂ%r%artid:(l)es, in

occupl e encap ate magn t| C nanopar
nemlcdggﬂegae%stfame orggretetion| Burli@r reednakisation of magnetic

ﬁgg%?%&ﬁ Oy ﬁl}rap%rggf] Ma@%‘ﬁb’ Hér‘?&ba Weéah%i@%%ﬁgtkhg !oFﬁ’ghly

osl tl on
neqtmreot yn@apwiaéedsmeavp@@l r@ﬂpmj‘ucﬁi@ﬁ' thattesotagategiate fat considerable

Egﬁtﬁé Corrp télltbdrﬁg&'?\ H)Pod}@ IQQ% n@L@nar’oﬁaﬁt@l@bHa&%r &Bmple be

ract capsul
paoipobitign wﬁylnwlmwgtmwtnpf tjﬂefemar@dllawyg na@nlés p@ntaln at least a

%ﬂ?ﬁﬁﬂa‘é&hﬁ% ﬁaqufaﬁl&eenn%ﬁal &\, i 5bch®n sdg)e.t.en§ %rr%gﬁbﬁ bARe

\ ) raction O t'he encap I at I nNg ]
pacapisulating anrickes haaydre substaptially|filled bbwagaetg?enennﬁ@m@e$ C

ARDABAIY £ 1S be SLOMBERN it AN ENELED, 6r3008hcaBuiating

acco t process aspect e pr Esent
par@elnsuamwsuhat@ﬁ@lly fllegbygargei maghelicmendialtidles: maki ng a
conposition of magnetic nanoparticles which includes
the step of formng said magneti c nanoparticles each

SUMMARY (OB (THE INVMENBION wherein a liquid

conposition of said protein tenplate or subunits
thereof is subjected to a mcroporous nenbrane
f00oBT atln aocatareprithos fitsbprboessedsipect ab thes@eskntinyaetidng there is

B75EREE hetER o b shBeBifeH SiPelh o paRERl Hhish inoudes
thecsté sl effoaminmg tshinldn dgietit neadpaniiples dactjwiittincoprotein tengohatefwherein
ti ti.cl . f d
g roreRarar o saif pien Biide S S bl i v binelnsiie =
iri@opdreps ofemtsary #itratiomgsteapribr¢o fopmsatidri afrsatdomagnetic nanoparticles.
j nb fil 1 [t h .
ok P 30 Ao B2 A et BrosBl PereR ot B9 Bideopt pidfign, gnere i
pewiked aasphot Sor tm‘atm@a liyuid eninpositigr efhatmelic ghrhqpasttcwsl each
TR i rsrost Rt e mb B e G P RGh e iR MR e &2 o
em}@dlngw@td @fmﬂid’ﬂ;ﬁlonltdimemtnopmow n’raammadmefematmhlseept 0
0 TR B AR S APOBEL50 b op
Hﬁtﬁbhmen[i&)@ﬂ\t_i:)]\/idlem@m;cstaﬁlﬁmomppsltléhsaoftehbz:ijmkumgglmﬁ‘tlc
the present invent t here rov a_ st e
ATt g SrsisteriEnS sasieBRft 1RiaP emiodiift of e
mﬁéﬁtﬂ:ﬁnﬁhe hﬁﬁe b@erﬁﬁalemmtdtabe}dgwnm Oﬁ ?mg]?st:dhraatnlop@ﬁcles which
erein at 9 o] e
HaHB{JW %9'%%0 r‘?ﬂ?tt'on ﬁ’rgﬁ'egﬁf %ngtgged f orm and
[@oan i Nn bberéateasitht a third @epaut bb®ie present invention, there is provided a
stable composition of magnetic nanoparticles wherein each nanoparticle is
encapsulated by an encapsulating material, wherein at least 70% by weight of the

nanoparticles are not in an agglomerated form and wherein the composition comprises
2
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2 WO 2004/ 032155 PCT/ GB2003/ 004298 no nore than 30%
free encapsul ating materi al, based on the total weight

w@bootla215&ncapsul ating material in the conposi PCDGB2008/004298

a preferred enbodi nent of the third aspect of the

i nvention, the conposition conprises no nore than 10%
free encapsulating nmaterial, based on the total

nemghe theh Afefrem eegapallatingnyaiesislebased dnrthe healSveight of the
&r@accggglggﬁrl&ggl%ateﬁﬁﬁp ﬁ&éﬂé’ﬁ%dg S”dgﬂ ?n Q getfés)rpéaaé lrﬁeﬁt%f thte third
aspeehefitbe inventiahthe @gp:@@thomcomhasasmmmre@man 1 Q% lfrse
SicBbE i EATHaP Kekeq S MGl by o S0 Rlbb Gl m e
i ppsitionTHeIicH egmpesitiansvaié obtairableparttardaweanith the process

%%@E?r i nﬁ{f%?%@?@/g@ﬁﬁéwmf %g%%bg 3%%% Hiz Ricis Woreferred that over
2% py Weigi.of thel reutictescseotrggldnekaied moRgreferdtlycatdsast 9% by

A SR Rres 8 ibthe ARl TS bdoretihlh £y 68 Mkest NG
Wﬁh@mlsanoe %@@@Mlcroswnyl (iRl (sl 2RO hith: Aswanieblewst.cam) or

i (0 H i t f
ADRE OB AL EE IR ik linehs SRR Bickihy’ T om
[@ﬁlﬁps BVa@Qg#yﬂﬁEteeirfpm ' e yweameana paueies particlenighich are present
iTRh A3 \Qfﬂcgé ﬂgﬁﬁi a%élsa% TeTelye \K}P()J@h Sr%rs%aﬂagns%bél%ted from
nano artlc e regar
eaghthaitin tie qpmnmmmmer al i sed FI GURES 20 [ 0014]

[g%%) ggr 1? &fcabb rﬁétleﬁé\” %e%&é@@nﬁk&{l&g{gqﬂ%\g{lélm%h does

e coba t- at1 ndm nanopart es W
rb 6PRiAIN @ £ors NtRTNRLiG aandpeﬂ@be orwicti ey detregardedyaesubstantially
. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25
uﬁﬁﬁ%? n each of the first two process aspects of the
present invention, the magnetic nanoparticles and
ﬁ@ﬁ@ﬁﬁgl ating particles conprise part of a liquid
-coma'crs-rtl on. The iquid conposition may be regarded
as a "solution" in the sense that the conponents

eof. are eneraII .regarded as. bein bilize
oo EREEL AR finetve R HiedooRan it Lol 8Fime cobat:
ptatinkioi tﬁbﬂopﬂﬂ&hﬁ rsihinepofettiinspiyotid (Giybefard arDvp aftermhagietic
the lLiquid conposition is preferably water, although
sgp%rgperém age of one or nore water-niscible solvents
may al so be present such as tetrahydrofuran or

o or other water
]ﬂ;fﬁ 3 Pﬁgéﬁﬁﬁmw total anount of

nmrovul

up to 50% by weight. The percentage of water-niscible
solvents in the liquid conposition 35 is preferably

(9SS ¢ IRach mwrﬁéwa REcCcesmARPesiser dieatspsent E¥SMiaRafieTagnetic
naMoperti@BS and 8ncapsulating particles comprise part of a liquid composition. The

liquid composition may be regarded as a “solution” in the sense that the components
thereof are generally regarded as being solubilized, although such solutions can also
be regarded as colloidal suspensions. The predominant component of the liquid
composition is preferably water, although a percentage of one or more water-miscible
solvents may also be present such as tetrahydrofuran or ethanol. For example
tetrahydrofuran or other water miscible solvents may be present in a total amount of up
to 50% by weight. The percentage of water-miscible solvents in the liquid composition
is preferably less than 25% by weight, more preferably less than 10% by weight.
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WD 2004/ 032155 PCT/ GB2003/ 004298 [0016] In each of

the two process aspects of the invention, the liquid
wW@eoopo3iisi on is subjected to a nenbrane filtrBCT/6B2003/004298

step. Menbrane filters are well known structures

whi ch are distingui shed from non-nenbrane filters by

the fact that nmenbranes have a structure which is

[0018]| i tnheach of the twolpeoaess aspesty ofdhelingentionpiberigridreomposition is

r oyg
s%gﬂet%?egistpoa rﬂklﬂgra%e??ltr%‘ﬂgﬁ H&Pt M g?o%%ﬂé@?l%?&?é% v%éllrl}nown structures
wWieittl aremlstWIgasbedbjronmmhammbnane fittera @I/ éhﬁefm:t tbat rnembranes have a
I ra gﬁ,]qj_,eb :
ﬁr%rc uggglhé:ﬁescgl%holwggt ] ﬂﬁe ogll{j)tﬁﬁw& y agma I %I‘Ig%gsformmg a
c.dmenumscs@sd; ahgse. Theontmscrr@pan@nbraneﬁtﬁraﬁéesfougedi by fibreldneld in

SRS 0L 0B 0 OB L con

rpadaé eitabbyow pes slmmtobwmmwm@wvaﬁ poeeaaphesesshary. The
rR%Foepo%quetﬁeﬁq'Pllagganyé’ ZhéJﬁt%geﬁtrI?\kgﬁorpﬁﬁi%%ﬁ;reé IS SEGEly in the

are pores or es

nainge 098 By, fpretfer@blymdhaw trhang mﬁ@hpretﬁﬂabmﬁsaéham%@m
%Dg?@?n\égéﬂn&léﬁ p’é&gr g@% gvrh dnHhyH I%E s Caﬁkﬂé@%%nt%ﬁh@h are pores
ofi0.2prbend opm@f 6f1uen. pmwmrqp@rqmﬁléer lﬁed kmigrinyemtiommay be
r%cge Ir?m%ni)ﬁ’ssﬁ t lglsnﬁ%&ﬂ {yh—IeIJ ‘?rfét 8 ce?éhql@s ?ggags%fnd carbon.

ones ers ones
WIWE thel raereabcanpwllybe fpynned gﬁ@golymgﬁc evatatigl I@"IOWI‘I in the art to be

0 (
LPS% yt Wa¢€ﬁorg£e ‘IL#‘ %‘%‘Zas f@(%gmpl BP stl%hsoges polyetITersulphones
@ﬁséf@'wrw@ewwweﬂmerfemxamm palpvinytiignasfiearide  REDF),

BR8Pl B ERFER ool ok, BEIRAGRERSich05: ERBHYABR the b

rotern
Ihr&feeablalwhst&:me aascapsptalny@trmaf@msparmn‘r@lmth%membrane will be

B R0 » Y B SRR AIB LS pabhepallpihe oo
ﬁdenrryﬁd@rear&Jm rhiceporoa filhers areraveiabla dodi Miliposd Ehapgration
@Fg\g)é%tm&)rm nmenbrane fi I ters are usable in the

nvention. [0018] Significantly, we have found
[0béT] t Dhactendvand filer maadbaca membmesﬂsabal&qwag ather forms of
nan art re size can be
SRR biece S OB Lo B ene B © 2 Fhan That of
[0b#s]n ascgmincamthuWamVeréaued itrzelt to achievexberptaductian of stable magnetic

r ef Sr[tlcrédct ﬁ{?&gﬂbﬁgemer ﬁgret;% éa'?lvb%rge'v&%h&}saggsnof magnitude greater

psu ferritin
tapp theat pﬁmamadomrmmte ofater_ral_’ nher ergmipley & 4 pigfriradripbodiment of

tﬁg ﬁrﬁlgﬁtl? : fi‘u%aerng\%\%s?lc ingfmaft&Iar atsooférr‘?(mc ﬁg’ssé’rl\ Qﬁﬁgxﬂﬂ@qﬁgh&er of

re resistant to aggregation
tnnacWechewd forgidrigatGetatberprepdrations oftfermitif eh@msgIategbnagnetlc
0019 I I ' rt
A RAER i i taO B e aR e dcield Bhind Dym and
Dapo fitese range typically at least 1 nmand no

teg, th .
BR8N BRI Sha I b BASH whlXdbe X neir
dimgnsibhe inrthe apew sike faage ofypickhlly at Iﬁﬂ@htmronnane greater than 100nm,

nt I al I
ﬁ)rgﬁeé%b ¥ N9 865 er%&%\ mé@g‘g%%%}’r ese??tﬁkr %@Fe%fer tI'Ié;] idﬁ?n Preferred
@afestidanopartiges b tbe invention are substantially spheroidal havmg a diameter
in the range 1-100nm. However the present invention also extends to magnetic
particles which have one dimension which is not within the nanosize range, as for

example, the particles formed using microtubules which are tubular proteins, formed
4
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35 particles which have one di nension which is not
W thin the nanosize range, as for exanple, the
w@aooisdies forned using mcrotubul es whi ch ar eP€TIGBR@B/004298
proteins, formed 4 WO 2004/032155 PCT/ GB2003/ 004298
froma(3-tubulins, and have an outer dianeter of about
25nm and a length of several mcronetres. [0020] In
frére oBitutlingr asdwye @aspeitEr deimdtéref pbeg@snmi andenlength, of several
[lnlc onp05|t| on of the protein tenplate or
uni {s IS subjected to a m croporous menbrane
[ﬂDEQ Ir atri tba figst @pcBspaspert ¢fdhe preséririnehiiam adifjuiglaiothposition of the
[
érame%h@.g@rap ghgiggsﬁpnegﬂagr rmcr'bpe,rau FRAM-IRMiradbn step
piog paﬂledcmmislpmf $3id amagaeticommsparidesit Tfmns lnmhlscelnnbcsilmémna

' . j f
) bR of B RO SR NBRRRNE FRTBIEBAR, horkichlh b 3gRRSR
sildienpwhichés theh B@wjecamjtcfthe tréerepbrobe meghranediltrationistepnen this

t

été‘%ﬂﬁé é%rﬁe&%?dnﬂ? [Mrod &%68 AL Ei’rqg gw} g{}&o %r%ﬂﬁ?t%féhot t'h%gh%he
memhtall_e bothyy embOdlmelatntherm@dunmmme cmﬂm8|p49h ofprefesably present at
%?%&%gﬁ{é%tfo&ﬂn {tqjeereégé ﬁ%@ﬁ'toysdrﬁq/%h% ragré%tog@%{ﬂt 5(hZ pH of the
cppasiidn ;tﬁ)fsrﬁfar&téy 'mrtbs gange frdor $-Ag Preferabiyl thewprrmsmoms

Rl o AL SRS O LD o

appiiss plreeswelmaydze drester thaari pgipfopiistante gra'atm'ttmm:@sh elgrmally,

tEQ ﬁ_gasl:ére% ill be Fl? tiﬁénl éd ;?sq Gor I}Q\Qlarq#z I%?s 9 5' gesrh% f{ltrate which
el enplate

tion O or '3 P
crohmnee$ § compbsition ofrtleez pm&mret&mrﬂaie (orsesubanig Hereof) is then

SRRRSH (5T e SRR ORIRLF Sy e S TR i
mbwnspeceﬂébqar\/&@%@%éa)ect of the inventi bn aliquid
G0 el PGS LA LARB PSR 0SBl
roégnetic orograriales, aactbioamed ‘Mﬂhm aanaiownsleapar temptake s subjected to
tﬁ% ﬁ}i(ggr??rlggf @%&g?gene]tcfn atxoﬂ%?e{}t 'Ir? fhis ﬁﬁg&estés %tro(f) ;% lnveqtlon
m@neltiahendmarimlmaérst fonmied Ivmthu;n rkmammmpbnulsete@a%eﬁma manner
lkﬂm&@ g?é@é{%é %b{eswo' d?i{ﬂ@ﬁ) %Ri?s‘t\’in ﬁwlleaspect the

pre 8/ 7d" Racto a protein

prefepked hecranlgcula tcﬂ'oplatessermmtajh template{ this is not essential and other
RSORERL S5 o TR e RE s PRS,
Am@rnmmtmnmirthmmagmeilbe\anmaeﬁm Phdfgrably sacpueeass saltion alrthough
4 B 0 BB DS oL B gy i e
siub)ecmdctp tiponusponestmemisrahe filtratidn step.sinehis filtmhbrln step, as with the
b 3003 P Bl DB DGR PR el o
fitedandofilterdrethrdugh tther mamtirdniel trethédertibodiragit df e ineasrtioantae

”Iﬂﬁgqﬁ‘tgg ?ﬁiﬁ%ﬁ%léﬁeﬂé Pef;r%?lgg ens\éﬁ telglgen%orﬁt@oes{t%g in a%oncen‘t:ratlon in

es are
tlme)rqmgelfrtorromﬂ@rr@/mbnn antendbdiorent, ihe pHef tharm@mpbsmnm is

pé%f%%&rﬁ tl'behranlge it fggogrggra%ly, {he co posnLon IS subjected to an
applied positive pressure during the filtration step. For example the applied pressure
may be greater than 1psi, for instance greater than 5psi. Normally, the pressure will be
less than 20 psi, for instance less than 15 psi. The filtrate, which comprises a

composition of the encapsulated magnetic nanoparticles is then recovered.
5
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preferably in the range from7-8.5. Preferably, the

conposition is subjected to an applied positive
wEe@smsess during the filtration step. For exanpEGBR@®3/004298

applied pressure nmay be greater than 1 psi, for

i nstance greater than 5psi. Normal |y, the pressure

will be 35 less than 20 F for instance | ess than 15

[8922] ThBe eneansHiplng Msteial esaepn thecsecand proppRSsasPRelrpf dfe present

Y

oD o DA P sl S e gy

aghectefdRpBigeant imentien sheud be serpbieriaseors@edaiinapt ¢t legst

&bﬁ'ﬁlﬁ@%c@ém%@aﬂﬂi’g&ﬁ@ Magnkiy REHopaRIcRN KWL therefore Qoma)rlse a

encapsul ates the magnetic nanoparticle in the t
Uirblg ey C%@Bt@cqf cgftaining the padigle; $Waﬁa\/5hwﬂlmma"ydee fully

&SRRRBY Sithin tAS eARIPRHREAG thadriaft Alie‘?ﬁa‘iﬁlelyﬂﬁé tc—:h@éldsldla’ung material
acconmodat i ng the nmagnetic nanoPartl C

makinelge e %ﬁlﬂ? iopenigg E/héﬁbl is peffial yo%lvptlvd@abawé%nevertheless is

&%BBI@'d@'rél%n)i REduloh shﬁg th?éJFhQ @eti%%‘éhfcbé Wr lekan g k! ening
osed MAt I'n e encapsul atlng naterla

rmast E@ m@{ ﬂ@@eﬁ bytaeanswigi’ theamaﬁgm edei al  may incl ude

[90?91' t il 8nc%b§ﬂlbﬂgg YHIGRay @onmfse okﬁén)e rﬁ%ﬁaw%ﬂgawhatenal

whi ch nevertheless is capab recei vin
igpgestierges. rﬁé!aﬂ%Fg?féieI”&atp'&ﬁtth%?@‘ Tﬁ@ﬁ”@%@éﬁ%ﬂ@g matpsial may
QRGN % sn@'é/ p@rﬁclb Rt afdeP8thdPcid WREN H&ttﬂ§gétﬁbrtt5‘ 8ccommodate
macronol ecul e. 10 [0023] The encapsul ating shel |l may
tb%ﬁﬁrﬁl@@gﬂﬂt'gﬁﬁﬂ%OW%rl aI or inorganic material such

1A% prefef¥aRAbodPhdr@nNRS eH&ap@Sl%hNg’iﬁwaéﬁﬁl thBEhEah orgElﬂ%
encapsul ating material nay onprise a single particle

reacramaleruieny grhigave meees rwalﬁ@lﬁe ¥ Rssesply REMolegles, and may

HAGE QTBIdatIS: wélgﬁt & QIPGI 50BN &) i CallP AR PRI 56D §u’&h Brganic
preferred i men he 'encapsul ati ng nateri al

rb%cramot?ﬁglahmelefsleﬁﬁaydqmu@@mae prolvmeréwrwtmnswtabYe proteins
ﬂ‘%g%}lara_é F@ﬁ?? rlﬁﬂcyot@%uéé(?é{/(i%&%%%ub@%}dp E‘IIQE‘)SS#& @d flom ap-

t@wna ar&hﬁve@ngmtﬁrcdlam@tcf @frﬁbpebZﬂnaT aneb @@gihecé smalbe

g n?égrtegn a%terfb% §%r %hé’ﬁer&ﬂm\?bm assl’ﬂé F)Qaleﬁ I@rﬁl‘:‘@bﬁ@ GroES,

I ncl S, mcrotu
DR&)ancérnrthapéidns Fot @xamme,fDFbﬁ?nla(aErrIMmmmln@Je dadedames DNA

sev%%raghm&rs' a RARW cofe I sfh th@'ﬂﬂ&g e aX|s Flagellar

crone res bacterio ages, aper onl
| Sudgsaate rtherwds&tlru@tur@ b@Lngamdm@raEaneteDﬁsap@MImateugSnm

a‘ﬁ@ E&%lanE%kh&ég}MX@%tggn%On@g t@eg %55 bé 'irﬂlupé’d.% a;%%“ ﬁ'lto well-

ecaner
ocdﬁrred arrdysp@rt@ryiImmowaﬂ@evekrabewfomlsdammmaﬂélya‘@erhm drick. APmore

AL BL R bR FHARS, S IRLHLE S NAYig. an [ nner
G EonEortre st

appr oxi ma nm an outer di anet er of

(@AM oxlnrtmuglhly pme'rmd érmbgdlmamt the annalprekating ongberk isi ember of

e \/ 4 S
tP{@#elrrrg)ﬁffraTg{ ly. *‘Fﬁ% gr% Elf?ttlﬁ\lle?é?r? %%ISQ%F%Y%AX ﬁﬁg?{g l?sl,e P& PR storage
pccdamefﬂrmtm wbnse intirna rcavityaia used to groditce avaso B enmmag tic loarticles.

I f d i .t .

et Has LirBieBlib ol i BOG EBRY dBSEq 13 metabaipn
tiranghout livihg speraaseantd itsrairictuireis highit cqmsefved abyiopg tiegdoe sit consists

oHS% s%ur{iijé%vrjigho&lfgsgér%g% to provide a hollow shell roughly 12nm in outer
diameter. It has an 8nm diameter cavity which normally stores 4500 iron(lll) atoms in
the form of paramagnetic ferrihydrite. However, this ferrihydrite can be removed (a
ferritin devoid of ferrihydrite is termed “apoferritin) and other materials may be

incorporated. The subunits in ferritin pack tightly; however there are channels into the
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protein, ferritin, whose internal cavity is used to
produce nanoscal e magnetic particles. 30 Ferritin has

wa@2omibozaed ar wei ght of 450kD. Ferritin is utilPGEGBRIV3/004298

i ron netabolismthroughout |iving species and its
structure is highly conserved anong them It consists
of 24 subunits which self-assenble to provide a holl ow

shatyl at tieighdly aAR ALt raxesit Bie pr@smtpeasferrédi magsnedleddyor use in

iomeeion s 1 ol GBIt A Re & BRI Py aprEL0! St in

dRwester , THehhagrietic hiahgyshiriidietodanadeemheiateeldvithin Bifs protein will have

! %%t}s?pg qu%o%g%{wrfg?%@%%ge{rgsﬁg% Ero&éé r(%erg stretch to accommodate a

1RO ROlicK B&n ohBSnALibWEneted. N ferriti n pack tightly;

h hannel 2004/ 032155
B P grA U AoV R ORIk YoRELH TS0 (AR~ GPES, g,

@é@é&s pHEeriar #santaligo w@foemm@yﬁmerwmtmmgrereﬁaﬁbua@t in

tetpnis) =51 SLAL=AGTRLF T R o b RLBdPe ME iof Mot t i

ARBQRAEbIeb eyithedise mmtrfmdamd:h\mm i;tiurretakn me@s@émian

di anet er up out n . di a
tharaptharE of el 5 G aHBrlSR s Aastids B (T EREE altf. The
paé bf all suchhreturairand&ymhietic f?blrlaﬁet ferritin[i9 6a&i¢émplaterd within therpresent
be found naturally in vertebrates, invertebrates,
ﬁﬂ" SRt Q- fungi, yeasts, bacteria. It can also be

0028y C efbrtitnhagbé cahveyteti ko apugérritiebp dlalysarigainst a buffered sodium

h . Such th i dent
EREAlRAHIED WP SERTh SRR R piepry b 5F B
oG IVesic 2€id mdyasd udeartosembiecthe Wértithydsitd ¢dre.r Ehiainmayt beefollowed by

jal, 10 ch t
e S SRR St biRrdY salion % FRmPIela remavp ghe reduced
Tdiﬂhyduﬁeec@}éfr@hi scﬂ;uuroh natural and synthetic forns of

Eﬁ?@k ﬂﬁdse[s n@k\erqrﬁ r{g%??%gtég ﬁ\&@?@e a%f‘%"bw embodiments in

aphene lehd:alrpsbmm ﬁiaé@ia&s agabtekt(opa bmﬁtfrﬁrtﬁéfgs@ drelpBrtinent to the

cetate solutjon, under a ni g Re tive . .
BRE pikcPomcarchel s Bieseadnirbon SR e PR RIS ypsiiaghe frt
lBEpdts eflthe PréMbeciitid if@dd fagdidriLeP angs mla'rthBJuFﬁWHtt&l are
foll owed by  repeated dial %Si S ai nst a sodi u

&bl iparteiad) farmeshirem oBdHpBs.ang Rue80 Quishd! %‘%ﬁ%rc%about 25nm

584 bildnyiih bf &verl ﬁmfrbﬁﬁ@lré@' bHcteRBphdd2dlapERthinins, DPS such as
description in the rece rfepggpparagra hs which perta

CoolBRd Vs taRsids. TORPEFeTetERralei s aRaL m@erwhﬁérmamb?rsof the

@erm‘rpiaﬁw Wisedntekay Bé\htytish@s(e@% bradii€e REHIScARMadrRtié Particles.
O first process aspect of the present invention.

m;é] siietapgnetia Pa@%ﬁ@'%&f tfaf‘s@eﬁwtwsn?qw 86 Preyiquisly

RlentiBfedd ha9E A bianianbt I@Fbe‘sﬂ&ibM@fér frl 1@ %laéeaéf Hoh%p'hbfbﬁli%l
m crot ubul es whi ch are tubul ar proteins, formed from

ﬁﬁ@'ﬁ'leéb@l‘l’tlgﬁ%ateréha” ASYEN aRrederally the diaweler isgtot QEata" thasmRnm,

e Brdreasly it i9bomRbeleak. rrm@ pf&isicRSs deREhREH mmﬁm part by the
chaperoni ni ns, DPS such G oEL and virus capsid

tHe oﬁt@rwaew@memtﬁ"@lewmeae e, ARCaRSUAING EnaleTiAL RO esptn
WRARNZRs ity biadoREBhM in MBASIBxddétBENMe @AY bYndtR r4pBFhrticle
to produce nanoscal e magnetic particles.

(that is to say the core material excluding the encapsulating material) may have a
diameter up to about 15nm in diameter, as the protein can stretch to accommodate a
larger particle than one 8nm in diameter.

[0029] The magnetic core particle may be either ferri- or ferro-magnetic metals such

as cobalt, iron, or nickel; a metal alloy, rare earth and transition metal alloy, M-type or
7



10

15

20

25

30

35

[ 0028] The nmagnetic nanoparticles of the present
i nvention, as previously nentioned, have a dianeter

w@ ooo4i03aigest di aneter in the case of non-spherpCT&B2003/004298

particles) not greater than 100nm Preferably the
diameter is not greater than 50nm nore preferably it
is 20nmor |less. This dinension is determ ned, at
$piaed ferrite. Pdnetmdigl drimeet3itallsy raayabntaireorencrapsiel dthenfllowing:

| I e ncap [ ! ' . .
%E%? bR Rl SRS AP AMT 852 SobBY - itprospe eroium.
ewbammdgsdqimam ﬂwhmlumrleommglﬁmnum hdetbparmangapesd, triadybdenum,

Jwé?'o |él£? n?o% dtn rf)%l %&1 lyplgt)(rﬁjnlijgﬂrg%otd% um, prom?tgium,

enc i ng na er' 1 R
mrtuniStmmtlunn déerbim, énylives tltahwnpwanedlnmcﬂterbrw\etan@ yttrdum or a

e a larger particle than one 8nmin
ﬁ&?%eg:ﬁge?g&% [ 0029] The nmgnetic core particle may be

©080ler Pfafenably said famopartiofeg nempisenebinby alog lor temisary alloy such as

T S i e R

REPICBAODCH-0.0iIZe 8r nsqdyrmthmﬁren tiotide, iBnecofysli-glatioumnedtelt-nickel

) A . f [
AR SRR, PRS0, LA BRE2% g coa o
oaiypen or allpypthessalmVoee piefarably elill, spidun@nogartides némptise an alloy of
Eb(qlamagmﬁlalnﬁ@rﬂ | ant hanum | utetium manganese,
nol ybde i obi

neodym um ni ckel, niobium palladium
[PPat]i nlihe Magastsowyrpanticiep nmyéxemramare@ bg armmed¢asmin which a solution

I di .
G EPAATRUUT 4Ho Mor  IAE Mg y
@[Lebw aledipng & cbrmamespaith & sb@se obwps Dfsmeaaplpromiage raktabgr metals
O‘;TI%FIPQF)I}/ co%ls,sp%e%%r$m%§??t§3ﬁﬁhéarﬂ&lgkm th %;I:ea?n of the present

on- i hum cob I'Fon pa
nsmrmpn uhis podfaired thatihe moussewfiretal iertsurebadiedancrementally to the

g&iy {?tﬁ%ﬂ&éﬁggwgﬁ{a tq?tenélr Hor ‘é%’rﬁ%lg i égtl Caﬁuon Soyrces may

Um or cobalt=: ROk e
Wml@datbbvffnmsmﬂaﬂnqmtmtpanrwdﬂ merecthaprisem ob bel dation and anion

{olgl% sﬁ:lé%r%a tashl ﬁrﬁpér{@é :Bg lterg@d'n Pl%%grfaslg/w&réb@ahid %tams of the

ano rse an
qatiah iand amoh GOdtes Wéleanmagmmg paamdﬂomrtmemms g chon and anion

&u?cpe%rﬁ% !?él adhel"i? S&ﬁg ?ﬁtran@n?shto rg\ﬂcljé”;elvs%? tha(l)']f20to Ktoms of the

encapsu mat eri a
awon ami) beion Iseurcegl penmictaysulatmgrpaﬂi&leam:emwlonepmtanably fewer than

{)rﬂg%f WS cg |(§]’\ §r?au£rﬁgn QéurE@er’er%fnc nébl%é |p|p {ﬁ)%ﬂ[gl)eﬁgee? iteration. Ina

nret a I Sé 'or O
maf@rreti |embnqumapftthe I|re/enllcm thh eatioroarebanior scblln“eespmess batadded in

i tal
K P bR BRSSO RSB 6 s s o
amea&ﬁailngtpartglmpﬁraierﬂbn Fbeseelnwnpheerttda@onsamlapbeantiieved by

Ldecasie Ulliren of Eelutj iR c%ﬂfjar? q et {)rl\ gh&gﬁaﬁggb‘rgés to

tomo
[9032] cely grerengrociapes Ioathennqumaom mut ergienred thet theisonrce of metal

BiTreadahy M hBu A helis oo M Ben SRk M TR e
aatgrieimgdimdmagnadic nasopart@ds. may be added i n sufficient
[awntﬁlterﬁatr\)/r QVELﬂepréseWW Ietslé]% fezrped ?he urde oft mgtal ions may be
present in a composition to which a source of organic macromolecule is added.

[0034] The mixture of organic macromolecules and metal ions may be agitated to
ensure homogenisation. Where the nanoparticle is to comprise the elemental metal, a

reduction is effected on the composition whereby a nanoscale metal particle forms
8



10

15

20

25

30

35

cation and ani on sources per encapsul ating particle
per iteration, preferably fewer than 100 atons of the

W@ a604082180d ani on sources per encapsul ati ng par€T/GB2003/004298

per iteration. In a 25 preferred enbodi nent of the

i nvention the cation and ani on sources may be added in
sufficient anmounts to provide about 50 atons of the

witthin te agdnlamacmrs@mw@sa\mgzr Thizsnedpsiuh ptafergblyaskdsgifce under

S et nGisy 3 s RERE V8 MR Do ine T B3Ry oGich would recuce

themhmgnemgpmhertleat Tl realadticaroxidatisn stepasay b p2htedbeten

SRS ST eplond GRS e sblvaidf Rl F B o up

urnetnahSparﬁ@es exan‘pl e tetrachl or oanmoni unpl ati nat e,

@p ib ¥ ge qc)}on Srgﬁlleegve%t O{}H? fsé: {;‘??‘?ﬁ%%ﬁ%ﬂelqvh the preferred

mmpe:murefat wibichlthé oragnetiyndpeparticies erd allowed te mm@idtthérnraised to
0, wWhi ch squrce,.of ani c cronD cul e is added

Futpethuder Ate iRt U e SR RRUR T Fak el 36 i gpe

%@m(@mﬁ nizgalagristiatebe hddesbmaynsel héldha@ﬁm@ﬁhﬂda@filre onat Ieast 24°C
et artic iiS to conprise the el enenta

?‘HSF% %5 '?’bﬁ%@?‘?(ﬁ)nac;%de 8780t ed on the conposition

[obse ebPro@elﬁ@B@ﬁ?@i@alWﬁﬁlﬂtﬂstdﬁaf’témpér@ttfr@s" up3o MO C before they lose

2004/ 032155 PCT/. (B2003/ 004298 w thin the ogﬂanl C

theik fshaly akusteree s {1 errRpdimeaig itereih the @1capalialng matggal is a
BLRAE S fpera@uWe'o‘Fﬁ{etreQEtl"Gﬁsfﬁ&lﬁfa%ge s SbaRYotdCEamhale

partlc es from oxidation d reduce their

eraprimpits pghe peadtipe temprRTaiUreds werfeiGRlVaRAittained i theepnariyom
%%/‘[g %OB{%%G ngﬁ%‘?l%’fetré Vﬁl tﬂg eq‘ on'1 9?5\{( 3% fcracPout

e the sane of eren I'n ea cycle 0 bu
209C. Blt¢rhativedn tearebctoindempea@Bé majibe maiatinedrin thextangefrom

or ned ate er at Wth referred
e S ot e ok SEREPR ik e el FRBAmEN the
r@b&te\memb@ramé Mz hAiginediis ek aAge frb@tabbemc% ab8ut 70°C,
Alternatively, the source of encapsul ating material to

f@m)@mm%ébmg@ér%e(s) of netal ions is to be added may
ﬂ; @{ee‘?‘nﬁo?fmgﬁt%tfg{gen tnhlartn thgaa%e&éaé@urﬁ@m‘ém%lned at

I on source(s er'eto 003 Prot el ns can
%@ﬂé? aH duripg tth%ﬁoaﬁ@thneqfﬁe& megnelis cofe pgticles wildn g or e

B%\Sﬁlar aﬁlé't& efy ﬁles &%fe?'é’cfl)”ﬁﬁmta-mé’osm the > [ange fre from 7.5-8.5.

|men erelnt e encaps atlnt%mater
B‘r‘%lﬂév Re aphleVQ%bAp@ﬁatsarOéa@uff@wluteac umblﬁagluwn;gell M@y

e@gﬁ&}ﬁgbﬂ%néggu[%%eneg%dl ments, the reaction

gerature I's pre y malintained in the range from

boltonzsmhaglinagyd of theaurpcess mepgate pithalivgniion, thremethod
fﬂm%cﬁﬁo%@aem%’ﬁet@%cﬁéhaﬁgﬁ%ng opte e rfoégbﬁflé{@{}] lm‘é?hé!hc the
I ntaln

reactl_on terr_pe ature rmy Int
rfangpartielee uthis GTotves abeAINg e Compositier tHyiplas aa@m:dmsmedlum

\Ln'aeﬁé‘%(nﬁ%r @g{h@ gk B of & E@stt \fegﬁ ébugé‘u\t/vhlgsggﬁt{ijg&g{ggtuttg%ymagnetic

e ran
fir®Csuct ibat ‘r@gmﬁlc@saﬂ@m thgsomposition are spatially separated according to

their magnetic properties; thus providing a means of obtaining a concentrated
composition of particles of similar magnetic properties. Since the magnetic properties
of the magnetic nanoparticles, whether encapsulated or not, will be determined by the
size of the core magnetic nanoparticle, this method also provides a means for obtaining
a composition wherein the core particles have a high degree of monodispersity i.e. the

degree to which the size of the individual magnetic nanoparticles varies within a
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20 [0037] In one enbodi nent of the invention, the
aqueous nediumis maintained at al kaline pH during

wo b4fsisat i on of the magnetic core particl es MT/BBR03/004298
the macronol ecul ar tenplates. The pHis preferably
mai ntained in the range from7.5-8.5. This may be
achi eved by the use of a buffer solution. Suitable
sarhpdgitamsofwhe inveratioy is ideyp Qi \ragatncm hivasered aptuhabf g largest

A8TELzeP Gftierfan PRk noseRi e BRRPRR A0 ™. Feelab: Bis R d0%
andm@eBpreieréMyateSS ﬁrmtﬁ%nF%cfe’?ploﬁltlgrrmggmmng? Eaéreﬂe size is
RN ros C B RBLL G e BT e RePRR i S thelfraeg ena of

e athrpvé hengesx, eﬂﬂnlsofmr oflatvelyaaid ipadicies es § Lamundnrs tthe variation

it suc at..t he

BB Lt b BB SBRis B T S Ao e n accordance
withp Hregtreskerd dwenibrmeant i 1B8adube usimpfgnetdntpl TP mMissR; electron
t hus C;ér ow(,)ﬂw)gg a means of obtaining a concentrated
@bcﬁ?)o PY f particles of simlar magnetic
fpodgler The setaSimcreetibe magretprise pfeepémrtexeSIpledﬁlpé he20L, or
nang artic r. enc ted 0
RS R DRSSk i oL DS 1o SPE SR S0k BB o
kreovopiarthe att.elt id ﬂ)’r‘eﬁernasﬂttﬂmmaaﬂemndlpg melddasccanpmsansmét@ﬂal which

bt ai ni.n Lon wherein the core particles
Al bt e R BrablifleiahobafioE Bl Bisteh a way as
ietpnegetay althi itdhsttuskirs iattbowah it thay bé duch ttlatethe meagnetid ¢

2155

PR 388 585 R e ey SntesgtiR AU Bk Passase throuoh the

framtiondtingdewaei ati on, neasured in terns of the |ar gest

l d h

BBR, < PR S Trade g oer= G T g g ) il
ﬁdtamnﬁwm dre ava:tahfbxmxch iae mgnetloMmre; magnetiaperdey ehinztodraphy

ST o o Bt o FRAE oL b B o e
crcmmpgxsﬁu,onvhpdassbd ﬂmbugm¢Mmm§d:qmpnmigl maigetic pbveder at flow rates
ARG 0L Rt B Tinhe Y PR HBER? 0SSt o
atabt»mgjmecfmld medibmtih whmelsenandpauereslawsmendtmj towasixeRshged.
P - bmSEpRe TP et 5 el R b fomes

énmapﬁ}datnp Im@yﬁ@néﬁépﬂﬂlbles are %metb@rmémbﬁaab fikration step, this
teria beads

oG ottt hee e magnete el UREHERy eq ¢ hat

[0042]r elrasrai engbcn:tﬂdemtmf trenpventien Ehelmﬁ:a;bswdtlnwghelhprodld%a surface
Q reat ch with th ti.C .nano

Q587 B BPa=G8 P e b PRUREHHG0 Bkt bic qeBhment of

lﬁ(blbgl}iCélUlgandﬁLICE%gﬁntlbdidlé?}f flagmentithédat A Mleﬂa@mgéhdls such as

napoparticl es._have so ormao ttractive jnter

GTPPRES b e BrBo{ Freallh rPles ey HEpuB e g attaohed o

tﬂﬁ\shm‘,&e cﬁf@w&]ot@nea;ssknel |F€|dhem atvbﬁetﬁlbf pmmbld aa@amiablatf@r the

t hat n cti

e0Riop BT HIRE mo b RS ufacee BtsReh (igmies. 1993

“Chemisily@f pagddis conjugation and cross-linking” CRC Press) and, in particular,

biotinylation and avidinylation of ferritin have been described (Li M. et.al. 1999 Chem.

Mater., 11 pages 23-26; Bayer E. A. ef.al. 1976 J. Histochem. & Cytochem., 24 (8)

pages 933-939).

[0043] In an alterative embodiment of the invention the exterior aspect of the shell

may be functionalised with, for example, a metal binding ligand to enable the medium
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and field-flow fractionation techniques. In a
preferred enbodi nent of the invention, the

W@ ovpo3aisi on i s passed through col ums conpri SPEGB2003/004298
magnetic powder at flow rates 20 ranging from
0.2-10m /mn-1. Magnetic fractionation al so provides
t he advantage of enabling the fluid nmediumin which
tothe usad dpaprlicalons fe[remayisg BstR gontaminantsdera myterials such as
U804 Matdriaid he case of the second process aspect of the
invention in which the formed encapsul ated nmagnetic
[Redd patntsosreambedimentp; the eaepPsdlatingehaliramebe rgrigvedite fpave the

rﬁé@r@tlchah%arﬁdlé {vltRdut aostirRP Fﬁfr@(@r’ﬁg@ \Whé’r%oth’é %oﬁfng% a protein,
he magnetic fractionation step

t@mﬁw t?%‘#ﬁ”%‘#re‘f’ Haoyghy EfexaynPle H*@Zléfﬁ%téfpfiqgl atlﬁg o hl|denaturation.
IH%QMFCQI@? the E:‘é’fél@ﬁ*%y b%lgégte@%lrﬁeprétkéﬁg& &r@nbﬁf?éj%fﬁgédjustmg

examnp biotin/avidin to pronpte the atta
toe PHtﬂfBTeo@?%%ﬂS'“PPé%ﬁé@'“@@é’ﬁ'd&é AFRNIBAIWEShdhe progjhrisnstable, for

éxaﬁ‘lrpi%orﬁeloﬁahﬂé\ﬁt' #PMYO & atlov@apsls pﬂ@)@ Tﬁ% deARutROIbRM Poterial

derivatives thereof, receptor nol ecul es, opsonins etc.

My thee bstr?raevﬁéﬂobw for expraplg diplysia oppentiEgptias: dn g preferred
pteithént, the k8 is dentlirt @by adlistiglhopRl o 1 @orﬁﬂﬁlﬂoﬁ% Selow
for the 30 conjugation of binding noi etles to

abQet4Be of the protein (Wng S. S. 1993 "Chem stry of

(004 €1 Th 61ABY &tEBAdiABNtaNAe ShABHRaY b8 kbagd tERevERGESIuaNd,
in particular, biotinylation and avidinylation of

SHE PF”Q'”WW&?@OB@E‘H‘? gerscior paample thaynagremeleculag gbelopayrpe
M Rlsed bﬂscﬂ’ﬁ%@f’th@&lc%ﬁsu@éu?E\m@es%nd%hg@gtjn 3@%@1 té 5an elevated

H st ochem & Cytochem E _ _
teropersiure rfogragineedbe O@eéﬁfoiﬁﬂ)l “freRETOET rerstsppRdiaa thepnin the

o‘e@?ec?&‘érﬁér‘ lf?qﬁldasﬁ@t%%ﬁh@ély,tl&%r ﬂfé vsis rﬂ?;}’bt a?e%lf it i c? desired to

functional I'sed
cpihgaise the paitielps qamposiign.um 10 WO 2004/ 032155

&ﬁ%%‘%ﬁé&%@%&nov& MudGtdipsretdiedb 'tﬁ@{o'll&nlﬁg nBh- Jimiting

ving netal contam nants from mater S Su
exa®pesnat eri als. [0044] In some enbodi nents, the
encapsul ating shell may be renoved to | eave the
magneti c nanoparticle wthout a coating. For exanple,
EXeMPLE® coating is a protein, 5 this may be
denatured through, for exanple enzymatic degradation
or pH denaturation. In particular, the protein may be
Extaogdd ¢ Apodemidinrotectioes or denat ured by adj usting
the pH of the conposition to a val ue outside the range
at which the protein is stable, for exanple bel ow
[Qﬂd@’yt Tﬂﬂﬂeﬁan@e Blbetvetesathe ptepatkdliol .of dpefeditintour lestse spleen

fecofnt sAspimee g%lpF pfaﬁ gu[ fh r%ﬁaQGrlemnP%ed tlb¥lhé>ase %P?eenr?gm%h by
diahyssdnTotedular the@hp cudtodi of 1081 4d®) againsicsdajunadiatatel safutibh€0.2 M)

oB8H LA s o & e DndRi ey PBE bty oot aci

(@. ﬁsM)dol eemouthe lfmdmydgtddm N pas follolved by repedted dialysis against

SSAGE Torbe SalTEh 0T T oy e R e B BR P Yore

frolmezoldtionan el evat ed

Example 2 Synthesis of cobalt/platinum nanoparticles within apoferritins

[0048] Apoferritin was dispersed in either 0.05M 4-(2-hydroxyethyl)-1-

piperazineethane-sulfonic acid (HEPES) buffer, buffered to pH 7.5-8.5 or 0.25M
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15 tenperature, for exanple of the order of 300 C,
before re-suspending themin the desired carrier

wO apuiosk15Al t ernati vely, |aser pyrolysis nmay bePCE68#2008/004298

it is desired to carbonise the particles in
conposition. [0046] The invention is now illustrated
by reference to the following non-limting exanples:
I [
K@W@ écfbﬁf’? 8%, %l@?%{s?f@sﬂ\h Bo tgg}lgérég{? s@Iét.?n and 0.1M
apotosiun tqtmchlpmwaﬁloatgéll)sqﬂhé@ﬁ werg thantadﬁled Apdther mixire stirred at
r
i) trSﬁﬁ%SthngR%%ﬁ@ @?w@* frn@%vag%nomdfw ré&uﬁlgh%%?g sodium

si's (nol ecul ar wel cut - of
herohydrici) Paglahb@rt()f gwial gt a@@ﬁwr@l(ﬂugﬁemnt @dactigns were
I

PR CRleBT e st eSS STt efy gooymi by CorP
¢ystelsrove the ferrihydrite core. This was fol I owed by
repeated dial ysis agai nst 30 sodi um chl ori de sol ution

0. 15 to conpletely renove the reduced ferrihydrite

wrmple § Sinthesis ofdnagistifepreicesyihineancersitins

cobal t/ pl ati num nanoparticles within apoferritins 35
&9048 Apoferritin was dispersed in either 0.05M _

0491 hy\wedriyiin Migs dispersgf fieppMnedi Atiaetout3-Byfrexygéiygamino)-2-

f f

SESTRLE S LS IR S By MO
ierPesatgregnaintginadatt Seteema On (e bAliquots from geldtigiiseof ammonium iron
QQFHIPh% Q@rql\/%nyltrm?é]m?é‘rhhﬁ@m %I(lﬁé“%ﬁn%})\%r%tddaéa ‘ﬁm‘érﬁéntally to

I on were then add he m xture stirred

thergperfatritin sobtiomdds agguca@alr%@) aq*ﬁ@%wmngw?ré\%a%y\toms per
;?rfI‘é‘FﬁtIrPrﬂoIé%ulB ITIRCALERenbRtAY @Jr'tﬁ’eeaddﬁtd?l%ﬁ&udﬁf, wagt al

t additions and subsequent reductions were
prrromatsly 12 mimites. Addijeneweietmadsg tﬁntme@p%fﬁ@tla §PEes were
%s@arﬁlﬁmﬁ&ﬂﬂhieeldg%% Hiel BFLsOYhER4IRon \ﬁéé’ﬂeﬁldﬁlysed against

Is of magnetite particles wt

wpief éﬂfﬂ flltte?rﬁé througro® 29 filgrdasfere congantraiing el Wi %Sel@repﬁfed
50mM 3- ([ 1, 1-di met hyl - 2- hydr oxyet hyl ] am no) - 2-
hydr oxypr opane sul phonic acid (AMPSO buffered,
BsgmplectiMagngtic separatien ofmagnetip BaRRRATHCIRGI nt ai ned at
bet ween 40-70C. Aliquots from sol utions of anmoni um
iron (Il) sulphate (25m\V) and trinmethyl am ne- N-oxi de
[0250HV) Masnetiaeskpradation svasraerfoamed,using glasrecalypns eentaining steel
ﬁ&kd@r'c@ﬁhmn@h vy Oééﬂh‘l%erﬁfmégrn@fé &Hﬁﬂsfﬂg 28dYMRi8m iron boride were
equi valent to at onslg apo-territin nol ecule.
mredtidned eéheraide eftasgaction pidhe tcalérr@oﬁmdtth@ magnetig naggeardculate
afer, W%Q%B@P@ k¥l SR SsoferARI $dr08Ss Wt%téﬁilq%xample 2,
until the a erritin cores were substanti al
weieLRsiseet Byouaihe EPRIBTIC G SOMTHAVRR S FERBon Washechvith a de-

gérQIeYi%%QJU@QN 596% (w/v) hydrazine, pH 8.0. The magnets were then removed

and the separated material emerging from the column was collected. Figure 1 shows

Transmission Electron Micrographs (JEOL 2010) of the cobalt-platinum nanoparticles

within apoferritins both (a) before and (b) after magnetic separation.

Example 5 Filtration of nanoparticles

[0051] Suspensions of apoferritin, such as the material prepared in Example 1, or
magnetic nanoparticles, such as the material prepared in Example 2, were subject to

membrane filtration using Millipore® polysulphone filter having pore sizes ranging from
12



water and filtered through O0.2umfilter before

concentrating or using as prepared. 20 Exanple 4
wO/R@Aes1165 separ ati on of magneti c nanoparti cl esP¢DGB}03/004298

Magneti c separation was performed using glass columms

contai ning steel powder columms. Two per manent

magnets conpri sing neodym umiron boride were

p2sni0. umed The tliates wetdle colfectedsatitanatysed by Meansolissiom BEactron

I 2anan; rticul at L
iR 1 e APk a8 Mt o bt B pri@lesi A SBrRositon as
dlscrﬁ)emrqwxéuﬂ,partMEe passed through the colum. The
col um was subsequently washed with a de- aerated
solution of 0.25% (w v) hydrazine, pH 8.0. The magnets
were then renoved and the separated material energing
fromthe colum was collected. Figure 1 shows
Transm ssion El ectron M crographs (JEOL 2010) of the
cobal t - pl ati num nanoparticles 30 within apoferritins
both (a) before and (b) after magnetic separation.
Exanple 5 Filtration of nanoparticles [0051]
Suspensi ons of apoferritin, such as the materia
prepared in Exanple 1, or 35 nmagnetic nanoparticles,
such as the material prepared in Exanple 2, were
subject to nenbrane filtration using MIIlipore(r)
pol ysul phone filter having pore sizes ranging from 12
WD 2004/ 032155 PCT/ GB2003/ 004298 0.2um 0.1 um The
el uates were collected and anal ysed by Transm ssi on
El ectron Mcroscopy. M crographs showed nore than 70%
of the particles in a conposition as discrete
i ndi vidual particles. 13 WD 2004/ 032155
PCT/ GB2003/ 004298 CLAIM5S 1. A nethod for nmaking a
conposi tion of magnetic nanoparticles which includes
the step of form ng said magnetic nanoparticles, each
within 5 a protein tenplate, wherein a liquid
conposition of said protein tenplates or subunits
thereof is subjected to a m croporous nenbrane
filtration step prior to. formation of said magnetic
nanoparticles. 2. A nethod in accordance with claim1,
wherein said protein tenplate 10 is selected fromthe
group conprising flagellar L-P rings, mcrotubules,
bact eri ophages, chaperonins, virus capsids and
menbers of the ferritin famly. -3. A nethod in
accordance with claim 2, wherein said protein tenplate
conprises a nenber of the ferritin famly.

13



10

15

20

25

30

15 4. A nmethod in accordance with claim 3, wherein
said nenber of the ferritin famly is selected from

woRB4asdsapoferritin. 5. A nethod in accor dancECTGBR003/004298

claim4, wherein said nenber of the ferritin famly

is apoferritin. 6. A nethod in accordance with any
preceding claim wherein said 20 nagnetic

Claddshrticles conprise ferri- or ferro-magnetic

netals, netal alloys, Mtype or spinel ferrite. 7. A

met hod in accordance with claim®6, wherein said ferri -

or ferrd- madmesthed feetedkingsa seheesition of magnetiengyropapgicles which

conprising c j.r ' ] ' e
accor dance V\ﬁ?ﬁ}déf yenﬁq %b 81{/5%@@ ﬁglsd ar r?g% 8@“@%&1}9&“ within
al loy is sel eqpraeinferopiateh@hgreiup liggespmppsitoradfiasichprotein
barium  bi S'f@'ﬁlib&ate‘s:gf éwﬁhitgmepégf'fg@%h‘&% ﬁ’%ﬁﬁpcfb%rrous
dysprosium erbium — europi um gadol fnium hol mum

i ron, | ant hamembrane fdtratiom stepraninyde smatiernpidsdbmagnetic

neodym um ning#%amcﬁ'qsobi um palladium 30 platinum
praseodym um pronethi um samarium strontium

t er bi um2. t hulAinethod intamebigiances witadiainm?!, yoereingdaishprotginltemplate
yttriumor a. Ju ; INp i

2 ecor dance wir et forh M gl comptbifiFh el e rngs.

bi nary al | oynigotubulesrieateyiophagss. clapeWDIrE) QiuO3PERS and

PCT/ GB2003/ O%a%%%rs ‘,J’ﬂh%ér%gﬂﬁyl n accordance wth

claim9, wherein sa Inmary alfoy is selected from

the gro8p coApnetbodiy assbrdancawik elaim 2r wherginegaichpigfein template
cobal t - pal | ad] el 00z ' -@ﬁgﬁf'umcobalt. 11.

A method in gé@gﬂﬂs(?gr?gﬁe@mg%}h&g?%fgrw' \ ”i(/e'r ein said

t er nar y4al | o methodinsasicersiaace Wit slainh 8, whergjn seishisembengf the
dysprosi um i A ' ' ' i de,

i ron-cobalt- Eﬁ@ﬁ%hﬁ# %ﬁ?@‘%ﬁ‘?ﬁ%ﬁﬁygﬁdﬁ%ﬁﬁ% or

cobal t - Ai ckelA-ra¢thodrinuapcortancewitip claing 4i wherethgraithmesber of the

corpr 56 opdy ey RABIEE! 2 FOS (hereof . 10 13

A net ho@. i n &cvethodimcascaidahce Wilh any pregading iclaing awieerein said

D o *hS 8 AR LMl P panctc e,

precedi ng cl aietgl alidysy Wi-ips ai shinglifejuted conposition is

an aquegqus ngl lHéti'\g@in accordance with claim 6, wherein said ferri- or ferro-
magnetic metal is selected from the group comprising cobalt, iron or
nickel.

8. A method in accordance with claim 6, wherein said metal or metal
alloy is selected from the group comprising aluminium, barium,
bismuth, cerium, chromium, cobalt, copper, dysprosium, erbium,
europium, gadolinium, holmium, iron, lanthanum, lutetium,
manganese, molybdenum, neodymium, nickel, niobium, palladium,
platinum, praseodymium, promethium, samarium, strontium,
terbium, thulium, titanium, vanadium, ytterbium, and yttrium or a
mixture thereof.

9. A method in accordance with claim 6, wherein said alloy is a binary

alloy or a ternary alloy.

14
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15. A nmethod in accordance with any preceding claim
wherein the pore 15 size of the nenbrane filter is in

wao b@4pozige from about 0.02-10m  16. A net hod PE@I/GB2003/004298

accordance with any preceding claim wherein the pore
size of the nmenbrane filter is |less than about 1 m
17. A nmethod in accordance with claim 16, wherein t

pore sitde ofA methodiaprosdanceiwitheiaing, whetein said bg@aurgloy is
0.5m 20 18. sei%cfgatfmﬁtrie‘brél‘}&%rﬁ&@% ddtkal-nedkal, Fod-platinum,

wherein the pore size of nenbrane filter is |ess
t han about @obai-raladium, ﬁ@ﬂm?ﬂaqhﬁma%%rﬁ?rd%ﬁ%b% th claim

18, V\’hgﬁi' n A @%tH%an? aééo?@arf&fa \Jlﬂﬂ%lalrﬁmé% §aibl t&®halyalloy is

about I n accordance w

precedi ng cIS&iaﬁqﬂf@*’@Ihﬁ? qrREP CYBPTRED va%ﬁ@smm-trﬁ -tyriidg or

di sc filter. 2dvmiiB06HdNirG-easMaNSUM, IcBb@Dickel platinum,
precedi ng cl aln¥ wherein the nenbrane filter is nade
from a mat erdrgpbalenigkelsaramigih t he group conpri si ng

pol yrrer1|20 m?{ BlctrRldSn aPEIr@die vﬁﬁr@?‘&&edmg&%ﬁmﬁﬁherem said
car bon. met hod i n accordance with cl

wher ei n sal dWQ'?ﬁP@F'Plaﬁ CO’BB”S(?cﬁPf?Pl@éB'aB”%P&%VS thegeofp

met hod 4 aC/QH{eﬂﬁﬂQﬁ a%&r@arﬂ‘de@hm Adm Whefierkin s3di shnoparticles
pol yner T's ected fromthe roug(con‘prl si ng

pol ysul phone®mprise e el pisabalh SRS B'apipR)

pol yacryj at es me)dviM lab¥drbi&tRRasth any preceding claim, wherein said

pol ytetrafl uoroethyl ene (PTFE), cell uI ose, cellul ose
esters or cdiquBEAFHIOGHER i dhaguests S3HRD 2004/ 032155

PCT/ GB2{203/ 00#28bd iR bccdidamici@th ary precirtpdIsim, Whefein the pore

claim 23, wherein said polymer is polyethersul phong
a pol yvi nyl i dizenef.the miembrans g isi 'ﬁt%r@ﬁﬂﬂgﬂ@é‘w{ﬂo r?)??”m

preceding Cl@H@tho‘Qﬂﬁ eSSt itrPArRt Sbediry BISIRS %Erélrmthe pore

said liquid'conposition at a concentration in
range from adimeuof the®nEdrgamd filtep &. legs theo ﬁb@utﬂmtm

accor d.a&f“ d% th rgondyl{\l rgS&rSS'rké%%eraém 16""0\%%%&%%@ E-8f the

said |i Fom about
5.0-7.0. 27. mémﬁ&inb@"ﬂienrle Iascthnrdabmmmﬂmh any preceding
claim wherej co

an appITE’ed gie{thpepnﬁgg%r ﬁr}cgv& h%iegﬁ'?{eﬁgotrg 1zg%f the

step. 28. ArﬂsﬁnbmiuelfMeﬁ@dem@bawnmany pr ecedi ng

cl ai mhereln said
m A method in accordance with claim 18, wherein the pore size of the

membrane filter is about 0.1pm.

20. A method in accordance with any preceding claim wherein the
membrane filter is a disc filter.

21. A method in accordance with any preceding claim, wherein the
membrane filter is made from a material selected from the group
comprising polymeric materials, metals, ceramics, glass or carbon.

22. A method in accordance with claim 21, wherein said material
comprises a polymer.

23. A method in accordance with claim 22, wherein said polymer is
selected from the group comprising polysulphones,
polyethersulphones (PES), polyacrylates, polyvinylidenes,
polytetrafluoroethylene (PTFE), cellulose, cellulose esters or co-

polymers thereof.
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magneti c nanoparticles have a diameter (or |argest
dianeter in the case of non-spheroidal particles) not

w@e@ans2153 han about 100nm 29. A nethod in accPeTaBe@3/004298

with claim28, wherein said nagnetic 15 nanoparticles
have a di anmeter not greater than about 50nm 30. A

nmet hod in accordance with claim29, wherein said

magnet i @4nandpaethiodlirescdoadancawith alah @8, wheralnoidid golpmrer is

or less. 31. A Nkt in cordan with any preceding
claim wher eipr?lyg&legs%ph aﬁgf? golﬁgﬁyﬁ@gp?'i cles vary in
t heir | &bgestA nietned ¢ accoldannewitbeey p&@etihgclagb owher2P%aid

32. A nethod jn. Wit h L claj erein said.
magnet i ¢ naﬁclr)(g[g'?‘? Slcgllreg%%@ﬁ}d WJ@ ﬁ@bgbgarng%% {cticentrétion in the
di mensi on by rargerfome abdid 0d&i8ogiml. 10% 33. A nethod in

accordange Wiyt l.ai er el ' ic 25 .

nanopar ?lg'cl ed r\l;}g{rﬁﬁai'dgé%égaﬁ@? Qﬁgggfs%?%nggghm’bvh%S'n the pH of
nor e t han abeaid ligBRbcoB8vosiffomistihthe rangealtcoradbanic®0vi.a.h

any precedin ey [ f d.on _step of. -
o) d rmaret & el AREIBLE: WRF ant leRRUNS Rl Mhastpigthe tiauic
addi ti on of sompegitorof siliestedfo aappiet plositve pesalire duding the
30 conpri se j.st said nagnetic nanoparticles.

35. A net hodﬂﬁrﬁﬁgggﬂgﬁdance wth claim34, wherein said

cati on 28d &mhethod buaccesiaacewiit deypicneding tiach,emterein said

amounts to p Lde 1- ; . i ! :
ot B b A, 2 8 FhsfBgrr
36. A net hodcase efororsphemelahpdriicles)aiotrg@aterweeT ahaut $a0Tm.

. q ) ) e .
o ors 20 Ao SRR G5 28 ML S haonerc
PCT/ GB2003/ 06dgarticesdraye afdidrhetecidtigosrtarttiamabaut S0em.

[ i ¢l ' ' 7. A et hod ..
ccor daite whTeRbf fehbned W BLER, yierei) ST AGhk
ani on sour cesargparimtigdthve A danhdtecofabtbubmmbsieta

provi de,abou : e Lon.and _ani gn per .
encapsul?’g‘t [ n%\ @%P ?‘?{:nla%:%g@? ﬁ)éel ‘é’@’r %’?f%rﬁge%@ 9| 'n?rewq}%%nisﬁ'd
accor dance wnagnetiongmoparidesigarg liratheir lavpest elimertdian by no more
source of th%a%%ght i.d%‘s is a salt of the netal or
net al s. :

32. A method in accordance with claim 31, wherein said magnetic

nanoparticles vary in their largest dimension by no more than about
10%.

33. A method in accordance with claim 32, wherein said magnetic
nanoparticles vary in their largest dimension by no more than about
5%.

34. A method in accordance with any preceding claim, wherein the
formation step of said magnetic nanoparticles includes the
incremental addition of sources of ions of the metal or metals to
comprise or consist said magnetic nanoparticles.

35. A method in accordance with claim 34, wherein said cation and
anion sources are added in sufficient amounts to provide 1-200
atoms of the cation and anion per encapsulating particle per
iteration.

36. A method in accordance with claim 35, wherein said cation and

anion sources are added in sufficient amounts to provide 20-100
16
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39. A nethod in accordance with claim38 wherein said
salt is 10 tetrachl oroammoni unpl ati nate. 40. A nethod

w0 pooawsassiance with any precedi ng claim wher eP@I/GB2003/004298

formati on of said magnetic nanoparticles takes pl ace
under an inert atnosphere. 41. A nethod in accordance
Wi th any preceding claim wherein the 15 formation of
sai d magnet i etonsnd par ¢dtioh @esd aake pepereapsalating particle per
tenperature Q%r s | east about 24C. 42. A nethod in
accordance W TR ¢l ai m 41, wherein the formation of

sai d n8gnet Aanethodipeaccordhese wittkeginpB@ ohesgin gaid cation and

terperature biich B, Ea0aR oo Ry 206uh B PRMOAG.: s0

20 43. A net I'h accordance w

t he formati oatoofs of dliaicationgne enion panepcapsiletirgpartidle per

pl ace at a tﬁé’@ﬁ\g@t ure in the range from about 35C to
about 50C. 44. et hod i n accordance with any

precedi 88 cl Aimgthedhiarascordahes witheamortetedingelping ovheréis g
a megneti c f LAGLL OAALTAR.ISHRA: o 28 hine MdIBl DAtkiLE
accordance w clal m 44, erein said nmagnetic

fracti oB@t i oA rsetbpd bEvpeidgess Wittsgainy3& whelrein sail galt is
conposi tion Mﬂa ri sing magnetic
powder at a #%\%Mrg%tagﬁ?oﬁﬂ e 'r“%ﬁggg from about

0. 2- 10m#d.m nA methddin akcondanewitmamcrrecefing elaim, twhesgiy the
precedi ng cl gj : ' : i .S i
functional i s?&%'%&%‘glo%é\%“gg?@gt eﬁ r%ﬁ?'ﬁ%églgédoedﬁﬁ inert
conpri si ng battaspheravi di n, an anti body or derivative

t her eof ,, a . i .

bi it g™ 11 gand e n SERLREHS it Py S OEfh Bl fFEhélh the

precedi ng cl tormptiothefrseidmagnetic oatensstidles takes rlaed atd s

renoved or tLe%@&e?éjmre%g a?%asl’oéb%ﬁ{?ﬁﬁ in accordance with
rel a (

claim47, wh n sai d encapsu Ing shell is renoved
by enzy#aat i cAdesghadimtdcoordancepltidelaiat 411, atheogin tHerfowlation of said

20081 032155 ETh RIS e BT T bl onee
remove the pfromedboui 25°6 tpabbwe®seC. 50. A method in
PR VI ST TR o e
a val ue bel owagnetic nanoparticles takes place at a temperature in the range
from about 35°C to about 50°C.
44, A method in accordance with any preceding claim, wherein the
method further comprises a magnetic fractionation step.
45, A method in accordance with claim 44, wherein said magnetic
fractionation step comprises passing said liquid composition through
a column comprising magnetic powder at a flow rate in the range
from about 0.2-10ml/min™".
46. A method in accordance with any preceding claim, wherein the
encapsulating shell is functionalised with a ligand selected from the
group comprising biotin, avidin, an antibody or derivative thereof, a
receptor molecule, an opsonin or a metal binding ligand.
47. A method in accordance with any preceding claim, wherein the
encapsulating shell is removed or treated.
48. A method in accordance with claim 47, wherein said encapsulating

shell is removed by enzymatic degradation or pH denaturation.
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5 about 4.0 or above about 9.0. 51. A nethod in
accordance with claim47, wherein the encapsul ating

W@ b@ilo33185 car boni sed. 52. A nethod for treati nBCEHGB2003/004298

liquid conposition of magnetic nanoparticles, each
formed within a macronol ecul ar tenpl ate, wherein said
10 nmethod includes the step of subjecting said

Conposi #bon t A nfethdd if OEDEANES wiBNdHiIas, ivhbisirithe @Azyme used to
step. 53. A nethod mé{gccordan e with claim 52,

wher ei n sai d "WHEYOHEIPEEN & @ PRSASFat e conpri ses
or gani c50r | mmmauan aabeiahed with 5Iétm A3 reidheiel thepH denaturation

accordance wit m53 wher e |d |nor ic 1

e or oo e el st et o Rt S eafitlo a vaiue below
si | oxanes, sSiabameso or abodemby@tdves thereof. 55. A
methodlnacordnevmthcamSS erein said )
or gani c2hat e t% gg' %qqor&a@gﬁyvgh faim %%ﬂpé}?e gigapgulating
met hod in acehéld@mamovusédn cl ai m 55, wherein said

organi c [ cted from.the

conpr i SP% C'?r’g{tf'rg‘li%ﬁr{egﬁﬁ? @ﬂ*—:‘f corapapition of gia}%gt‘qg”l;d%oﬂam‘:'es'

met hod in aceefrdamed Withih aoh@drma@cumherr@laﬁe Shefein said
rotein is sele .

19 | agel | ar erthq.g‘dggu 3?% WB@?@@W ctlggg?@rqogwﬁala%to a

chaper om n| nmcmpdsmss ﬁemraiﬁ fﬂmﬂoﬁempers of the
ferriti ce V\/lthca

fa t hod jn acc im
57 whePd p Adang i acheBmmi e8R Shian Syt udin ecuiar
of LheI ferri ’terﬁlplét&mohuonséigodrgdhldfrert inogahio n@été:?m dance
with clai erein s menber. of, t erriti
Fanmt 1y P4"oPuBE U0 i S ERRo PR RPE i T ersig Spads i
30 apoferrit imater@Dis sbletridiineh fhe gaagosaieprismgwilbxanes adilehes or
59, wherein aldt ﬁq}E' f the ferritin famly is
apoferritin. %riva WEHEEIF8Y i n accordance with any of
cl ai n8 52- 60 A métaoe innacsaidedncemignebint53) amepst aid lodganic material
conprise ferri- or ferro {IC netals, 35 netal
211 6ys, Mty SEbIORHE MBS, 16 WO 2004/ 032155

PCT/ GB2663/ 004a3&880d %cc&dﬁmmm d:IéhrrﬁB& Wheade Galwiotfdamc
claim6l, V\,hereln ferri rro tEgnetlc met a

CL2l et ed TRGHATOIER R b SHEHEr TP R g B i g af Fagtants,

polymers and proteins.

57. A method in accordance with claim 56, wherein said protein is
selected from the group comprising flagellar L-P rings, microtubules,
bacteriophages, chaperominins, virus capsids and members of the
ferritin family.

58. A method in accordance with claim 57, wherein said protein template
comprises a member of the ferritin family.

59. A method in accordance with claim 58, wherein said member of the
ferritin family is selected from the group comprising DPS and
apoferritin.

60. A method in accordance with claim 59, wherein said member of the
ferritin family is apoferritin.

61. A method in accordance with any of claims 52-60, wherein said
magnetic nanoparticles comprise ferri- or ferro-magnetic metals,

metal alloys, M-type or spinel ferrite.
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ni ckel . 63. A nethod in accordance with claim 61,
wherein said netal or netal 5 alloy is selected from

W0 b@4@saep conprising alum nium barium  bi snRETIGB2003/004298

cerium chromum cobalt, copper, dysprosium erbium
europi um gadol i nium holmum iron, |anthanum

lutetium nmanganese, nol ybdenum neodym um nickel,

ni obi ung2. pal A aithas in aptaadanea nithpptais &4 dyhergin said ferri- or ferro-

pronet hi um ag%i%nﬂ{%t/al% £ﬁéﬂtémm él%yér%ﬂ;%&ﬂbriéi@&éﬂé’lﬂ iron or

titanium vana tterbium an triumor a
m xture thermdfel. 64. A nethod in accordance with claim

61, wheééi_ " ﬂnieeghoggh gxcaréar@eghmwm_ea' \llvﬁ%(reWsagdAfh%fe{l‘@F Metal

al | oy. i'n accordance w th clal m64, _
wher ei n sai dalloy ftresejecigd fogm the gregp e@mnprisingcRlBmBHM, Haarium,

group conprisi Cc xal el . ' , :
cobal t-pal | @ %’ﬁ%h %}@nm 8@10%,&%%@;&@3‘;%%%&)%?erEIg.m,
A nethod in eweptagrslinikimhhemiimmina, lanianennuteie.
ternary all .oﬁ’\ahgsane§%:ﬁ&{;&@ntxlﬁpﬂé%ﬁmﬂﬁ,%eﬁWHBNCTZ'ﬂ%ﬂadium,

dysprosi umiron-turbide or neodym umiron boride,

i ron- cobal t - patituinn eraseediailm. piogleEiup| aMaTiyR, strofiug.
cobal t - ni ckeln g o Bhjunt ERAIGH, JtRrAGHOLHPRER

with any of el]g[@%}ﬁn‘gm‘ggﬂ%g ugrﬁei n sai ’d¢ rrlanoioart\lﬂcl gsora
conpri se cobmlxtur@thqmczi-;i num or alloys thereof. 68. A

met hod é/—ﬂ acﬁiﬂ{e‘{ll’:?d'bciﬁ.a%&rﬁ‘arﬁ:le@*iﬂmc@m\m?ﬁ/ﬁér@irﬁﬁidjalloy is a binary
nanoparticles conprise an alloy of cobalt and

plati num 253189 or Ateraam@loy.n accordance with any of
claims g2-69, .nﬁ(zéa%o%%cé&a%celw‘mwléﬁm%mﬁéﬂem Y bipa@hlioy is
aqueous sol ution. . A net hoo'I i n_accordance wth any

of clains 52seEtedifiem diegrote ceipprisindsgopalt-gickelhgon-platindm,

menbrane fil Iosidd r fr SaReMEEkt02- 10m
71. A et hod&o%%ltg%%oﬁh a’ﬂ@’g %ﬂi&ﬁu any of cl a? ms 52- 70, .
wher ei n6.he Horeth®n sireasdasfcenil daimtdarBerein saig terrary alloy is

| ess than ab o i
(o T ancish i 0 BB ABRALARRG R Hibo
filter is | essodymium-idoberide, Ben-cqit-platiag, eebaltnickel platinum,

accor dance V‘é#é&bﬁl't—ﬂic?%ljc%r%n‘m&r ein the pore size of the
| tTer '

menbr ane fi I's I'ess than about 0.2m 19 WO
2004/ 03855 RORHGRLI0ES¢WGaRedvithany ofciaserios wherein said

accordance Wi R clitle 04 poridd &gl Br pBnURPbRalRYE thebdort NE

68. A method in accordance with claim 67 wherein said nanoparticles
comprise an alloy of cobalt and platinum.

69. A method in accordance with any of claims 52-69, wherein said
liquid composition is an aqueous solution.

70. A method in accordance with any of claims 52-69, wherein the pore
size of the membrane filter is in the range from about 0.02-10um.

71. A method in accordance with any of claims 52-70, wherein the pore
size of the membrane filter is less than about 1um.

72. A method in accordance with claim 71, wherein the pore size of the
membrane filter is less than about 0.5um.

73. A method in accordance with claim 72, wherein the pore size of the

membrane filter is less than about 0.2um.
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menbrane filter is about 0.1m 75. A nethod in
accordance with any of clains 52-74 wherein the

woreooboziss filter is a disc filter. 5 76. A methOOGBno3/004298

accordance with any of clains 52-75, wherein the

menbrane filter is made froma material selected from
the group conprising polyneric materials, netals,

ceram ca. gl/aar&trmd i ab&mﬁancéwthklmtmd/hbreiratteqrod@aize of the

with claim76, erial conprises a
pol yner. 10 7" ﬁg'lt?fdﬁlab?lu@a ‘dance with claim 77,
wher ei r7ssai da a@twmaﬁ atSord&fetmithethyforf erink182-94 Qterein the

conpri sing pol ysul nes, . palyethersul phones (PES),
polngacr yl at ége%gr@ﬁgt‘lﬁ?ﬁ)? ?d’é%é‘g%

pol yt et7aaf | utorr@atdamh QB@)roﬁﬁEEE)Ith eﬁ@|df dlafe£52-28)| \Wér@mhe

esters or co s .there

accor dance W?‘ﬁg@%g‘% r?%me\ﬁiﬁgrlo@] A r@l ﬁ%ﬁﬁ%gom&e group
pol yet her sul thqmemgrpo@mbyrvat@adls densls, FPamibs r@éérm dafbon.
accord ce \34? rei

of cl ai ns

pr ot ei ln HC%O;S‘??PC&‘AﬁFE‘&%EP%@nWEFreg‘ salg‘materlal
goncent rat]l (cjm;mmséﬁgpg@ﬁ@e from abou]tc OI 1-20ny/ m8.0 20

1. A to I n accordan n alL s -00,
wher o1 T8 he AbEGEd 1§ R Eamss A i 2. whetbsadghmer i
f:rom 7- 2258ls%cteel freed h@Cbrblﬂb a@ﬁmsﬂ@;&ﬁysmmbné@y of ;

t t

o hpp ed_FBYHTRRIRbES (PESRRRay BRe. SaISEISn |
step. 25 83.pofytétrifilodeihylehs CRTERY) e€liidstNcalinipsostelrfbmgo-
52- 84, wher e| sai gqe gnetl c nanoparticles have a

di aret er (orpqyé??eé% 'aneter in the case of

non- splyer oi dahqep@ﬂtm 6tBdantewitrcRAhens, Whéermired¥dipolymer is
100nm 84. A R% hod.in accord ncel(g th claim 83,
wherei n sai &9 LYRNONE h 8 PRMVINKEdE8ehave a di anet er

(or | arggest Almetratiem ad:dd)rdd?%e(\?\ﬂtﬁfanslfof cldha BT S, n/h%"r@h @ald
particles) not greater than about 50nm 85 A\ﬁ 816 ranae
in accor dandsORiNHPEsENt 831 CRRBPYIN 2k ¢PNifRY %?ﬁ”d" 9
nanoparti cl Qﬁonhab/(ﬁjta 1d2(nﬁgytner (or lar gest di aneter in
or | 663 - 86A ROMER HoR-CHIREE STAARLET RPET: S0 SHnege BiRPH o
50- 85, wher ehdicsapsitiodds m&g@egng@ fmnma;tl cles vary in
their |8%r gespE mg Tr?agc%rcP%ce wit any of clalms %bgwwhze(r)g/l% the
composition is subjected to an applied positive pressure during the
filtration step.

83. A method in accordance with any of claims 52-84, wherein said
magnetic nanoparticles have a diameter (or largest diameter in the
case of non-spheroidal particles) not greater than about 100nm.

84. A method in accordance with claim 83, wherein said magnetic
nanoparticles have a diameter (or largest diameter in the case of
non-spheroidal particles) not greater than about 50nm.

85. A method in accordance with claim 84, wherein said magnetic
nanoparticles have a diameter (or largest diameter in the case of
non-spheroidal particles) of about 20nm or less.

86. A method in accordance with any of claims 50-85, wherein said
magnetic nanoparticles vary in their largest dimension by no more

than about 20%.
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20 WD 2004/ 032155 PCT/ GB2003/004298 87. A nethod in
accordance with claim86, wherein said nmagnetic

wmaovapseiss cl es vary in their |argest di nensi onP@HGBR003/004298

nore than about 10% 88. A nethod in accordance with
claim87, wherein said magnetic 5 nanoparticles vary
in their |argest dinension by no nore Evgan.abq 5%

. , t
89. A it hod® Metheedd AAcRTERNCR Wilh clgit &5 F%'W'@magé?t'c

wherei n the nJxgphrades Uérﬁ/h@fheﬁ'%?géét%mﬁer%idmgﬂtﬁi imre than about
fractionation step. 90. A nethod in accordance with

cl aim 89, whé¥ein said magnetic 10 fractionation step

Conpri SgS PIs Fichbatif @ceRaRneei withodhain 870 uBibret @ hidgRetic
conpri sing magneti.c govvder at aflowrate in the r%nge
from about TBNOPAGHPF MR they laraeshMEFIqTPYAY BeERiRaR about

with claim89,0or 90, wherein the magnetic filtration

step is perforned prior to the nmenbrane fj ation

st ep. 1959P 92.A meﬁﬁdHBGC‘F‘?ﬁd%ﬂf@dY'H‘a%’é’fﬁﬁt”P? 19}#% ofheeiRithe

50- 91, wher ah&nbiurthenessridedtd magrdie fractiohation step.

functionalised with a |igand s,el?c,te fromthe routp
:  aopetc

conpri Si%hg o BEtPd 1B GPERTHENCEVIHYRIFIBGR WHFredETS!

thereof, a fFRE6MRA stBY @MrRes PAsSHYHAB cBmPbsiforMBidlgh a
bi nding ligand. 93. A nethod in accordance w t

) h any of
ol ai 50+ 5 2CONHAFATAIS LM AgREtE ROMAS i 1o 2tm B the fande from
renmoved or tgRated-1084/mil'.method in accordance with
claim93, wherein said encapsul ati.n sh%%l | is. r%m)ved .
by enzyi¥at i &a@&%dﬁﬁpeﬁﬁd%ffcemﬂﬂbféﬂ@tgqﬂ%& oWhewsk) thg magnetic
met hod in acHesdaRED wipkHoehad proP fo theMesntdrand fieraBerzstep.
used to renove the encapsul atjn SC{{]eQ I%Q[8 pr ot ease.
25 96. R methBgthad 13 @eeh Vit C2Ims odr ) TviiesTinine

the pH denatdncapsuMting shekfsfiasdtfalRid asthesigang stleetefffom the
of the conposition to a val ue

D bel ow gbout 4.0 or
above about @OWP ceMPrisNgGRIPHHAVIOR. 37 @B&EPQMC% dﬁﬁ"fag'v% fgreqt. a
gg, the[eimn &B@pt@ﬂﬁ_@l@é&léﬁér}cb’]@onﬁﬂ‘tﬂ!dmétél mmm@_n@fad. 30
. st abl e conposition of magneti anoparti cl es.
wher ei P%acH d%@?‘?‘tff’%nqeé“”gh%’yﬁgﬁ{;é{?%g&gé’ Wherein the
encapsul at i nghcaBB4tingl shelieremioled aittrdatast  70% by
wei ght of the nanoparticles areﬁ{g

e not inan .
aggl ome¥at ed MSEMACHR dooRidrraenvit a‘@g??plﬁ’gﬁﬁ'fb??'d encapsulating

conpri ses nosHERkLremoved by enzymatic degradation or pH denaturation.

95. A method in accordance with claim 94, wherein the enzyme used to
remove the encapsulating shell is a protease.

96. A method in accordance with claim 94, wherein the pH denaturation
is effected by adjusting the pH of the composition to a value below
about 4.0 or above about 9.0.

97. A method in accordance with claim 93, wherein the encapsulating
shell is carbonised.

98. A stable composition of magnetic nanoparticles wherein each
nanoparticle is encapsulated by an encapsulating material, wherein
at least 70% by weight of the nanoparticles are not in an
agglomerated form and wherein the composition comprises no more
than 30% free encapsulating material, based on the total weight of

the encapsulating material in the composition.

21



10

15

20

25

30

35

than 30% free encapsul ating material, based on the
total weight of 35 the encapsulating material in the

W@ oop3itss on. 21 WO 2004/ 032155 PCT/ GB2003/ OCECPEB2®3/004298

A conposition in accordance with claim98, wherein at

| east 80% by weight of said nanoparticles are not

aggl onerated. 100. A conposition in accordance with

claim 98 wheeenposiion maaéor&é)%ekwth atingd8, wokredrbtleast 80% by

nanoparticles e _no ated. .5 101. A

conposi tion W‘?ia}%fcoéﬁ'aéﬁggpﬁﬁ %fﬁ)f‘%?g‘%?@?%e‘bS 100,

wher ei mogsai ,@Icang@emmml intabtgdarriearithadlai®@® Wheesin af 1gastign% by
or inorganic maﬁer sition in

accor dance W% thfﬁ?'%nfﬁﬁpa%%ﬁgﬁﬁpgﬁ%omﬁﬁt%n| c

mat eri alofi s /sebrapwtcbnfm @B@drb@wo@rvﬂmm@mrairm 9&100 wherem
si | oxanes, nes or i vatives .t hereof.

conposi tion SI Fﬂ%’i‘{@é“%ef'ﬂ Cemf'ﬁ?sﬁf@amﬁﬁéP@f%%mate“a'

269161”:&\01 OZnHt/Ebdtmeosltw_ el IaE@ﬁdmeGm@\ajmhlm 10E ¢ hvhsRliresaid éhorganic
conposi ti i ce with c

wher of n_sat dnarHans ledas Fomahe gt cPuRudnd sfeanes gianes or

the group CQjmwameggqéwcsff act ants, poI ynmers and

prot ei ns, ition in

5 105. A |
clai m 10%; v(%é?@???ﬁﬁoé‘l ' aﬁ?%f’%ﬂcﬁ Wi Cas‘fé‘l 1@%1@’ effeﬂrb?ﬁ"i’ Reganic
gr o;Jp corrrﬁr irﬁét@@alfdo&@)ﬂbésaén brgEmblnwsomm@n@t ubul es,

acteri ophage er.om ni ns ru

monber ST hEemBaER i Abraiiics Wil GRait e, RS e orgpric
accor dance vmé&romb@bmewﬁelewwfr@nmhamodp powbeEsing s@actants,
encapsul ating materi a rises a nmenber of the
ferritin fa I)S;nersil@gpro nposition in accordance
w th clasm WSomMHﬁl’oed in asedrdare vidrclaih todewhersin $did protein is

hccor tance \ARRed BT EAroURF RPN R B ghiRgqiuoules.

ferritin famdceriophayesf erapetoniinin® il 8apsidcampeeiribeaof the

i n accordance ﬁn %h .?amy of clains 98-108, wherein said
magneti c nanBpaPid®es comprise ferri- or

ferro- magnetA @orﬁp&ﬁioﬁmin ab&drédnca WithyctaimMOBy wher@in Sgid pritein

e oo B A b a5t SERBE: U b1 By
sel ecterh7f r cmbrh@ogmup aewmdcsimm ot alloB, whé@in saih member
ni ckel . 111. ﬁ%ﬁcfo sf m|I 1 grceg:%geq%pnce wth claim

109, wher e rPfd &% Y 36F P

108. A composition in accordance with claim 107, wherein said member
of the ferritin family is apoferritin.

109. A composition in accordance with any of claims 98-108, wherein
said magnetic nanoparticles comprise ferri- or ferro-magnetic metals,
metal alloys, M-type or spinel ferrite.

110. A composition in accordance with claim 109, wherein said ferri- or
ferro-magnetic metal is selected from the group comprising cobalt,
iron or nickel.

111. A composition in accordance with claim 109, wherein said metal or
metal alloy is selected from the group comprising aluminium, barium,
bismuth, cerium, chromium, cobalt, copper, dysprosium, erbium,
europium, gadolinium, holmium, iron, lanthanum, lutetium,
manganese, molybdenum, neodymium, nickel, niobium, palladium,

platinum, praseodymium, promethium, samarium, strontium,
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metal alloy is selected fromthe group conprising
alum nium barium bi smuth, cerium chrom um cobalt,

W@ oppes2158lyspr osi um erbium europi um gadol i PETIGB2003/004298

hol mum iron, lanthanum lutetium 35 manganese,

mol ybdenum neodym um ni ckel, niobium palladium

pl ati num praseodym um pr omet hi um samari um

strontium 2grbim.2bgians SEnEm, PeRdIER 0 Eroioa? 98d yitrium or a

terbium thyli4m tHetdgni um vanadi um ytterbium and
yttriumor a mxture thereof. 112. A conposition in
accor daf@e & eomposiion in @ocorganseatith claimdi 09 whgreinssaid alloy is a

bi nary al | oy, W?h‘g\ﬁfr%maﬂuw 5 113. A conposition

i n accordance w 112, wherein said binary
al | oy i'd3selAceerapesitionin ?ﬁ@f@?mﬁ‘"@(ﬁ*ﬁjml li2nyherein said binary

cobal t - ni ckeloy is" Qisctd Rdrh roG@Q&hbﬂs@ﬁ’d LA HRKel, iron-

i ron-pal | adi uni samari um co A conposition In
accor dance \#atmugr, apbﬁltm@ladlmerr@n ﬁal?&ibtﬂn,tS@m%pm caaltoy

i s sel egyed 4 Eﬂﬂ) E)Ingﬁ QEEDGHER Wit Mm 112, wherejn sal%ternary

dysprosiumiro 10 or neodym um-iron bori
i ron- cobal t -giPatsi wﬁﬁeobfmmegfpwwmmmg FSRTOSBIM-iron-turbide

cobal t - ni ckej, n%BHyQﬂhHﬁ}onlgo'?ldeAr&mgﬁipﬁdtlﬁﬂm' Bobalt-nickel

accordance wth any o | ai ns -114 wherein said

nanoparti cl édategmper Q@)a«ﬂd‘ﬂﬁiﬂefcrﬁ?mhﬂatl num or al | oys

thereofy15116, co%ﬁ&rm% LEQddrte IHRURJ R ERIME d&L1 ‘I:Jl anieln said
115 wherein said 15 nanoparticles conprise an al

oy
of cobal t arf@npPaticAuRIMAriSE. conalk BhpiaIUM ehalloys thereof
accor dange WM E&nﬁé@ﬁloﬂfln chﬁirﬁﬁlﬁgvﬂ{%@alr\{{hﬂﬁ%ﬂé@ﬁ'sgld

conp05|t|on Is a liquid conposition
conposi ti on naﬁoa@ﬁ@wmfn@naﬁ anralley &f erbettANd\H#REIEMA sai d

l'i quid 11570”'99§6rﬁb6§ho'n9m @E‘c&‘@éh%@ld\ﬁth%?l ¥ R 989 18 1herbin said

conposition in accordance wth any of clains 117 or
118, wher ei rrompRaitionise liquitcarerfséionti on is in the

range fgm \%Ip?cﬁﬁpélt%n in Qcco?@é?rceﬂntﬁ%ﬁ?rﬂsﬂt?' ®Rereth said liquid

accor dance clainms 98-119, wherein said
magneti c nan?@ﬁ'mo‘élil@m BARaueods sRIHiest er (or | argest

di anet efgi n o &ﬁ%@%ﬁ .ﬁécm&rﬁemﬁ%q%k cRihd § £ &S)18N@herein

greater than 100nm . A conposition in
accor dance whe AH®f Hlerﬁomﬂt'm&'élfhﬁ reape freaggheut 2.0-7.0.

nanopar1§gcl %5 J?ﬁ% SsitPonGh 388k &ncB With Hn§ 3F @I%lrﬁg@@-ﬁ@%ﬁe{em

50nm osition I n accordance wth claim1

wher ei n sai daisegAenstie nanepasiRias have @sdipmeter fordargagitdigmeter in
of about 20nmR P4sd &$®n-spheroidal particles) not greater than about 100nm.

121. A composition in accordance with claim 120, wherein said magnetic
nanoparticles have a diameter not greater than about 50nm.

122. A composition in accordance with claim 121, wherein said magnetic
nanoparticles have a diameter of about 20nm or less.

123. A composition in accordance with any of claims 98-122, wherein
said magnetic nanopatrticles vary in their largest dimension by no
more than about 20%.

124. A composition in accordance with claim 123, wherein said magnetic
nanoparticles vary in their largest dimension by no more than about
10%.
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123. A conposition in accordance with any of clains
98- 122, wherein 30 said nagnetic nanoparticles vary

WO poottloda165 | ar gest di nensi on by no nore than aPOUGB2@3104298

124. A conposition in accordance with claim 123,

wherein said magnetic nanoparticles vary in their

| argest di nension by no nore than about 10% 23 WD

2004/ 032E65 RCIMEBQBihGB4aTa ceMith claimcifpwbetsirosaid magnetic
accordance w Laj - ' ' iR '

nanoparti cl ‘éﬁér{/&g‘réglt%!en@v%ﬁép F%ﬁé lgés,](t %r?rsénm oﬁg b)q)%rentgan about
nore than ab%wt 5% -126. A conposition in accordance

with an f glaj 98- . ]QQ'ET i , ,
encapsu 26613? i n'g Céﬁgﬁ f'g&s%?a GRS or?g'inl{hsée@eo\}cvicﬁhm%g?"ﬂ55a’nvglere'n the
sel ect ed f r oendzbeulatijrgoshe!l ssoimetiopalisgd wiitbta ligand seldctad fram the
anti body or ' ' eaf...a. . reg

an opsonin o %gb r%rea%g?{srﬁé ﬁg{‘“ngt’ﬁdi“ggﬁé‘s@sﬁ g\gﬁ\}a%éjlh%’reof, a

conposi ti on legegtocmoidanie carvppsniany achietel Eindisg BHNG26,

wher ei n,J-he ﬁg&%ﬁ&h‘&%'a%??rﬁg%e' wi{hsar@(;%rqgféﬁgs 881 26, wherein the

treated.” 10 conposrtron in ac ance w

claim 127, wrerpsulata shell smeapsged attrasgedshel | i s
renoved e I.£ deqr ' 0r [ on.
125 A Poposeophsfof RSB RRl o 121 AR PLe
wher ei n t he enapswatingsshel! iscemened/ky emrymatio degnadationeor pH

prot ease. 15 conmposition in accordance with
cl ai m 128, m%%h%glfrﬁ{?qqﬁe pH denaturation is effected by

adj ust i 129.t hé girhpiitivhé amapiasce wiin claion 428, wetlensin el ewyme
ccor dance iER EramAerI Prsin o RefeB® Cncapsult at f ng
shel | i30carAdcoingesitior?id ac@gdarge withlaid4128, wherein the pH
denaturation is effected by adjusting the pH of the composition to a
value below about 4.0 or above about 9.0.
131. A composition in accordance with claim 130, wherein the

encapsulating shell is carbonised.
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