1 PCOLYMER PARTI CLES AND USES THEREOF TECHNI CAL FI ELD The present
invention relates to polyner particles and uses thereof. In
particular the present invention relates to functionalised polyner
particles, processes of production and 5 uses thereof. BACKGROUND OF
THE | NVENTI ON Many bacterial species broduce macronol ecul es to store
excess nutrients intracellularly, which are known to play a role in
t he storage of carborf OLKEIERPARIACKES AND USBSITHEIRIBOF restricted by
the lack of other nutrients. These pol yner particles are deposited as

10 cyt opl gg@ENical #fios in the cell. The core of these pol ymer
particles typically consists of polyhydroxyalkyl carboxyl ates, in
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bloplastlcs in addition to their use as a matrix for the transport

of drugs B¥AtSIREr active 15 agents in medical, pharnaceutical and
food i ndustry applications. A nunber of proteins are also known to be

enbedded WAIKERORIPOESIHR INVE&TIONDOr ane  surroundi ng t hese pol yner
particles. Immobilising therapeutic proteins wthin the phospholipid
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of the affinity Ii1gand to bind specifically to a target conmponent in
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15  agents in medical, pharmaceutical and food industry api)lications.

A number of proteins are also known to be embedded within the phospholipid membrane

surrounding these polymer particles. Immobilising therapeutic proteins within the

phospholipid layer has been contemplated. Such functionalised polymer particles have

been contemplated as suitable for transporting therapeutic agents, including through the
20+ "blood brain barrier (WO 04/020623, Rehm).

Polymeric beads such as agarose beads are commonly used for the separation of target
components from a mixture. For example, affinity separation techniques typically
involve the passing of a mobile phase over or through a solid or gel stationary phase
consisting of beads to which an affinity ligand such as a protein or antibody is covalently
25 linked. Sepatation is based on the ability of the affinity ligand to bind specifically to a
target component in the mobile phase, while unbound components ate washed out. The

target component can later be eluted and the affinity matrix regenerated for further use.



Alternatively, follow ng contact with the nobil e phase the beads can
be separated using a cell sorter, centrifugation or filtration. Flow
cytonetry can be used to separate and sinultaneously characterise
particles such as cells or synthetic_beads that possess a numnber of
pre-sel ected properties. Measurable 52pr operties include size,
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net hods see 19 LS i £91%4t%%fé%3) and Adda et al., (2002).

Bead arrays can also be used in ligand screening methods. WO 2004/048922 describes
20  the bead-based detection of G protein coupled receptors compatible with flow cytometry.
Synthetic beads were coated with nickel to bind hexahistidine-tagged G proteins, or with
streptavidin to bind biotinylated anti-FLAG antibodies followed by FLAG-tagged G
proteins. Ternary complexes were assembled on the beads using fluorescent ligand with
wild-type receptor or fluorescent receptor fusion polypeptides with unlabelled ligands to

25 determine affinity measurements of the complex.,

The generation and screening of combinatorial peptide libraries provides a powerful tool
for the study of biological systems, as well as in the identification of candidate molecules
for drug therapy. For useful reviews of such methods see Ruiwu Liu et al (2003) and
Adda et al., (2002),



3 Methods for designing peptide libraries, screening target

nol ecul es, and isolating conpound of interest are well known in the
art (Diaz Jet al., 2003; Wl kow cz and Nolan, 2003; Doi and Yanagawa
2001) Phage di spl ay technology has begn used extensively to display
and screen large libraries 5 by exploiting the capability of
bacterlophaqe to express and display peptides on their surface
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W th nultﬁWbﬁ%Fﬁ@Wanwaielns anti bodi es, receptors and proteins in
signal ling cascades. Phage display of randon1 pepti des can be used in
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antibodies, 1eceptors and proteins in 31gna11mg cascades. Phage display of random

peptides can be used in similar ways, particularly to identify novel peptides that bind to

target molecules of interest,

20 Phage display of antibody or antibody fragments (particularly variable region fragments
such as Fab and scFv) can be used to identify antibodies that bind to an epitope of
interest.

However, immobilising ligands to synthetic beads either directly or indirectly typically

presents a number of problems. For instance, the biological activity of the ligand may be
25  impaired during immobilisation. Further, the amount 6f ligand bound and its biological

activity may vary within each bead population, between different bead populations and

between one bead array batch to another, presenting problems with standardisation.



Due to the extensive production procedures required, bead-based

i solation, detection or screening kits tend to be very expensive.

| on exchange chromat ography matrices have al so been investigated for
the refol ding of reconbi nant proteing expressed as inclusion bodies
in cellular expression systems. 5 The"conpletion of numerous

m cro-organi sm plant and ani mal genone sequencin rojects, has |ed
to the i d@ueid theattemsive pfoduetiageronaives ryquired @h%SFngPfg‘ti% detggtion or

pr ot ei ns Adv eXpr ession systems have made the
productioﬁ“m?nﬁg&gﬁghnaﬁ{&£fé §pept|des pOSSIb|e in a variety of host

cells. In the absence of specific foldlng)§ post - translatl nal
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coli oft em’&drve@m msﬂotl?ln eﬂmessxoarsmmﬂwvemad%% piogection 81 BPAmbIBYr egat ed

as inclusig @E%Qggsg@s&ﬁ? ?%9%%%'%09%1“ ally folded internediates

rather tha&n tive protein. Inclusion bodies consist
mainly of the protein of interest and can be isolated from srupt ed
host cel | dnfp ag@ﬁmffswa‘iq %Hma&é@8%’%!?1‘%?’f&?ﬂald%%dbtfctﬂﬁmbféﬂ‘ﬂ&‘#eﬁﬁcé| ve the
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exploited as a si purification. Addi t glﬁé% i ncl usi on
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cytoplasnhﬁamélﬁgggl NirGh&hatlcevel and provide |ncreased protection
agai nst proteol ytic ‘degradation conpared to soluble forms. Inclusion

bodi es al so have no biolqgical activit oW N roduct i n of
prot ei ns VAHCERD WPM%PW%WH%CWHPEO‘E%W %éncr%m%t *EO B
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folded intermediates rather than correctly folded native protein.

Tnclusion bodies consist mainly of the protein of interest and can be isolated from
disrupted host cells by centrifugation. Accordingly, despite being inactive the production
20  of recombinant proteins as inclusion bodies is often exploited as a simple method of
purification. Additionally, inclusion bodies often allow the accumulation of recombinant
protein in the cytoplasm to a much higher level and provide increased protection against
proteolytic degradation compared to soluble forms. Inclusion bodies also have no
biological activity, allowing production of proteins which may otherwise be toxic to the

25 E colihost.

Recovery of biologically active products from inclusion bodies typically involves
unfolding with chaotropic agents or acids, followed by dilution or dialysis into optimised

refolding buffers. However, while such recovery is possible at a laboratory scale, the



recovery of biologically active proteins frominclusion bodies is
typically too expensive for |arge-scale production. Furthernore,
many ol i gonmeric or structurally conplex polypeptides, or those
cont ai ni ng cysteine residues, do not ﬁasily adopt active
confirmations during in vitro refol dinng. Maxim sing the yields of
reconbi nant proteins in 5 a soluble and active formjn vivo is the
focus of MEROME Rl BSIoBiFally #rtive protains fom ipluaiet besiesiniypiselbsienexnensient i on
to provi depi BRE YA HAlMEET F@ﬁﬁﬁﬁ&&%ﬁ? digdidiaQd &&h&iﬁ%& fze or to
at least provide the public with a useful choice. Further gspects and
advant agePobPertives. g Gegroniaieanysisine visidresp e arheasiiy paems activer om t he
ensuing d oyl i A i A : > RY
OF THE | NN Ey PR S1cNEg. iecfiindthe PRRTRL Selifont H A"
process f drsofplsdue peiye fumyireivo pathe foshesf much firyegizcettess conpri si ng: A)
provi ding a host cell conprising at | east one expression construct
operably Ii BkgdbjedtOf e ?Pé’s&ﬂ ShvBARIHRG FfoividE B BRI BT R ge;ﬁﬁg§ﬁr{du ct
conprising: 15 61 at least one nucleic acid sequence encoding a

pol ymer sy#fthpss af theiy useop yo afdeastpgeyidethe pyilicvéihe wefutichsisquence encodi ng
a fusion polypeptide that conprises a polyner synthase and at | east

one fusi oFufiBértaRREts al) advdhthgcd AF HRGrds&1R ieStonGAll bedbRRehpaoRdiok] 98
suitabl e for expression of the expression construct and for

f or mat i on S8R FRHORH Which & givendy wayeol semphesnlsynt hase: and 20 C)
separating the polyner particles fromthe cultivated host cells to

produc® a SUMMAISY DFOrHEQNVENSIION pol ynmer particl es. Anot her aspect
of the present invention relates to a process for produci ng pol yner

particles, I QGes rising; . A)., providiLn host .cel |l .

conpri si ng? ntgg gqegtaogt%heﬁ%sggt%‘fe égl? %hateéé%gﬁp tee %°6§&°%&%P%P‘rlmﬁfé’&“l%= to a
st rong pr omgiresess doleriengr essi on construct conprising: 6 (1) at |east
one nucl ei ¢ acid sequence encodi ng a pol yner synthase; or (2) at

| east one gucl g ¢isaG! . ' L [ that
compri 5650 pofyrar g e O A 38 S R R BBl b
to a strong promoter, the expression construct comprising:

15 (1)  atleast one nucleic acid sequence encoding a polymer synthase; or

(2}  atleast one nucleic acid sequence encoding a fusion polypeptide that

comprises a polymer synthase and at least one fusion partner;

B) cultivating the host cell under conditions suitable for expression of the expression

construct and for formation of polymer particles by the polymer synthase; and

20 O separating the polymer particles from the cultivated host cells to produce a

composition comprising polymer particles.

Another aspect of the present invention relates to a process for producing polymer

particles, the process comprising:

A) providing a host cell comprising at least one expression construct operably linked

25 to a strong promoter, the expression construct comprising:



(3) at |east one nucleic acid sequence encoding a particle formng
protein or at 5 |least one nucleic acid sequence encodi ng an

addi tional fusion polypeptide or a conbination thereof, wherein the
addi ti onal fusion polypeptide conprises (a) a polyner particle

bi ndi ng domain, a protein that conpri$es a polyner particle binding
domain or a partlcle formng protein, and 10 at |east one fusion
partner, or (bil)at o lsast oreomesledcidspuendecnsedinga poldensynidlasenom t hat
bi nds the fusion partner of the fusion polypeptide; B) cultivating
the host cell @pdery cdhd hlki S &a%&é&sdlsgpﬁeeﬁbef} Idéhﬁt
expression construct and for formation of nmer iI'cles by the
pol ynmer synt hase; éﬁ@?@@s@PM§§§&%@ﬂEﬁﬁmﬂH@E%%PWH%$0mﬁmﬁ$%B@t fronlthe
cultivated cells to produce a conposition conprising polyner

particles. Anogher a@ﬁ:ﬁ’&@he Rlcd NRIdNERARE erlcBUBNA piclE BrRAlRDrétoindr at
process for producing polymer particles, the process conpr|5|nat
t

provi d?ng a host cd¥ast EsmBelpis peif seuence gagodgan asgtiensk fusian peliespt

operably |inked ZQrE@orﬁbﬁ&t{oQ%rer”fQﬁEE&ﬁthefaﬁkﬁnﬁiépﬁ@%ﬁ? p&ABStT uct
conprising: (1) at |east one nucleic acid sequence encoding a pol yner

synthase; or (2) &MPE®st one nucl eic acid sequence encoding a
fusion pol ypeptide that conprises a polyner synthase and at | east

one fusion partner;m@and, p3kmet prRAShinMAL SIS, %‘pﬁot@&ﬁ&lﬁt@&ﬁﬁ%%%@
encodi ng an additional fusion 25 paol ypeptide that conprlses a polyner

particle binding domai nP° ﬁmﬁfrﬁft&lenb‘ ing fppal %WF‘%F& OFNIHE PIAkER, an

partig¢he binding dOﬁHInmg&mﬁxﬁgﬁﬁéﬂédﬁm&05p1ng protein, and at | east
one fusion partner; and (4) at |east one nucleic acid sequence

encoding a further fusio ol ypeptide t rlses pepti de
and a bi nding domai({l? t h&t e%f PopReptids ep ?lbmémgg‘?‘%“ﬂy appin g“h‘é g‘ﬁ’é‘Pon
pol ypeptide or the addi piraRedf thaskionp@opspaant i de; B) cultivating the
host cell under conditions suitable ?or expression of the expression

B) cultivating the host cell under conditions suitable for expression of the expression

construct and for formation of polymer particles by the polymer synthase; and

15 O separating the polymer particles from the cultivated cells to produce a

compos;iﬁon comprising polymer particles.

Amnother aspect of the present invention relates to a process for producing polymer

particles, the process comprising:

A)  providing a host cell comprising at least one expression construct operably linked

20 to a strong promoter, the expression construct comprising:
(1)  atleast one nucleic acid sequence encoding a ﬁolymer synthase; or

(2)  atleast one nucleic acid sequence encoding a fusion polypeptide that

comprises a polymer synthase and at least one fusion partner; and

(3)  atleast one nucleic acid sequence encoding an additional fusion

25 polypeptide that comprises a polymer patticle binding domain, a protein



construct and for formation of polyner particles by the pol yner

synt hase; and C) separating the polyner particles fromthe cultivated
cells to produce a conposition conprising polyner particles. 10 In
one enbodi nent the host cell further &onprises an additi onal
expression construct conprising at |éast one nucleic acid sequence
encodi ng an addi tional fusion polypeptide that conprises a polyner
particle binding dothatmpsisesepobiner partcle bisdive demsingr poirjicte formpar t i cl e

bi ndi ng donmin, or °Rﬁi5&f&%ﬂgﬁ%§?ﬁ%mﬁ%ﬁ%ﬁit and at |east one fusion

partner. In one enbodi nent the e er conprises an
addi ti onal expression construct 15 conprising at |east one nucleic
aci d sequence éhcodfidepsonsamelpie peid seuanen gnivdinga; fitther fisipnaolntitide nent

the host cell furthgp GAFREdSSS (E:‘;;I)ﬂglg‘éﬁééﬁﬁﬁhg @&Héﬁéﬁﬁ& GhdShE igirl'Ct

conprising at |east one nucleic sequence encoding a furt
f usi on “pol ypept i de paiteer ofdkaiyeipe pelyperpdd o tlesadittienal dsien olypeptidy; donai n
that binds the fusion partner of the fusion polypeptide. 20 Anot her

aspect of ghe RLASARE e N6 el ARdd: 8hifitfRs bifiaBle B5Q&ER S dnr HRQFUSRY
pol yner particles, the process cong;|3|ng: A) EéOVIdlng a cel
conpri sing at [cewEPctaneionkymaiy) efvotymespartiddes kygae ptiymer synikase; and a

strong pronoter, the expression construct conprising: (1) at | east

one nucl ei@ acisehaBBaLERGElyRREARIINEG FonPAk YA aSYHIBaSRediche 25
pol ymer synt hase confr|3|n | ymer particle binding domain; or 8

.ap
(2) at |east offtMPATEICBCEMBILSIRE Redclshcodi ng a fusion pol ypepti de,
the fusion pol ypeptide conprising a polyner synthase and at | east one
f usi onl0 pdnbnesmbddirenp e hoRicels fuithbieSpfl e RhA hdditichabBexpedsMtsonfiadct | Cl e

bi ndi ng donai.n; d 5 (3) .opti.gnally, at | east gne cl ei c aci,
sequence éﬁE@HFW%ggﬁmﬁ%%PbﬂﬁﬁﬁvgS?H?%ﬁﬁ”ﬁ@F@ﬁ@ﬂ@ﬁﬂgl ?neﬁﬁﬁ%ﬁg%s a
pol ymer pahdticohgriset agtlngedaphlsbindng @@k Prdtéia that fseRSHodyme| yer
particle bindi ompin.or a particle formn rotein, and at | east
one fusi oﬁa%gh S5 Qs PF £ ARSI (TR PERTR SBiF TS LOR i GRS i ¢ abl
for expression of the expression

In one embodiment the host cell further comprises an additional expression construct

15 comprising at least one nucleic acid sequence encoding a particle forming protein.

In one embodiment the host cell further comprises an additional expression construct
comprising at least one nucleic acid sequence encoding a finrther fusion polypeptide that
comprises a polypeptide and a binding domain that binds the fusion partner of the fusion
polypeptide.

20 Another aspect of the present invention relates to a process for producing polymer

particles, the process comprising:

A) providing a cell comprising at least one expression construct operably linked to a

strong promoter, the expression construct comprising:

(1 at least one nucleic acid sequence encoding a polymer synthase, the

25 polymer synthase comprising a polymer particle binding domain; or



10 construct and for formation of polynmer particles by the pol yner
synt hase, wherein the polyner synthase renmai ns associated with the
particle it fornms and wherein any fusion polypeptide present binds a
pol ymer particle; and C) separating the polymer particles fromthe
cultivated cells to produce a conposi®tion conprising polyner
particles. 15 In one enbodi nent the expression construct is in a high
copy number ved®or . atdedst ¢is nuelispcidsrdvencerneading afbdoopolympiidd, tes a
related origin of r i el . i t er
s a viral promoter ﬁ%%’h%@%h%g&é BN RO k0P f RAK OB RS
pronoter is a phageprpimenmteaolynen syntimseerivgdising apolyer pirddebiedings a T7
phage pronoter. 20 |n one enbodi ment the host cell conprises two or
nmore different expression constructs that each encode a different

fusi on pol ypeptide. In one enbodi nent the host cell conprises three

or nore differéht espiosalli sdeasbonstugleicgcidsemencegotrdingroddditiontl f f er ent
fusi on pol ypeptide. gki3 JoJct . I 19 he
surface area of the po?@ﬁgP&%Qrﬁ%c e n%%aﬁ§§§%5§§§§%b%§9%§%?%@éﬂbound
proteins. 9 |n onepweieholitremprises alpelsier gt biddieg dimdiher spmfidee ar ea

of the polyner parthﬁ&ﬁ%éﬁﬁdnﬁ@%§£§%&@%@ﬁ%ﬁ%?ﬁ%épound proteins. In

one enbodi nent at | east out e’area of the pol yner
particles is covered by surface-bound proteins. 5 In one enbodi nent
the proced® pr Geitivatingghsiophiunpdes genditiane suitable forgnprassionad thecixpnoesioar | ess

than afgout 200 coEudtAn®@RE iRHROMH @h&@ﬁ@ﬂ%ﬁﬁﬁ%@?&h&@ Win

particles with an average di anet _ rim’ I'n one
enbodi ment t he thsebemss syphesrismeing esspsieted pigh the phuislevd fotmeandantereige

di ameter |ess A0 LBARIZRAHE é%& LM ol di_pent the process
produces at | east gbog% ﬂ% t,gf%g&ﬁﬁgbﬁgnggggﬁbHE|n one

enbodi nent__t he process produces at | east about 40 particles per host
cell . (@) separating the polymer particles from the cultivated cells to produce a

composition comprising polymer particles.

15 In one embodiment the expression construct is in a high copy number vector. A high

copy number number vector comprises a related origin of replication -

In one embodiment the strong promoter is a viral promoter or a phage promoter.
In one embodiment the promoter is a phage promoter.

In one embodiment the promoter is a T7 phage promoter.

20 In one embodiment the host cell comptises two or more different expression construets

that each encode a different fusion polypeptide.

In one embodiment the host cell comprises three or more different expression constructs

that each encode a different fusion polypeptide.

In one embodiment at least about 1% of the surface area of the polymer particles is

25  covered by surface-bound proteins.



I n one enbodi nent the process produces at |east about 60 particles
per host cell. In one enbodi ment the process further conprises adding
at | east one polypeptide or at 15 | east one substance or a

conbi nation thereof while cultivating the host cells so that the at
| east one pol ypeptide or at | east one’subst ance binds to or is
incorporated into the polyner particles. In one enbodi ment the
process f Up Prresmbogdinmnt ddepsiabautaldls of ghetsefagsarsprad themabie paticlwi ish at

| east one RN EHQ%JR&W@@DE st one substance or a conbination

t hereof that binds to or | adsorbed into the polynmer particles.
I n one enbodi ment the substance is a |ipophilic substance that is

i ncor por atiers sbedigient ¢ depstabewt 0% @ therserlg| gy theaobvimer particlpsisone
enmbodi menteida@ IHURSERMEnd SroRRR. OF nore skin care agents sel ected
from sunscreen "agents, particulate materials, conditioning agents,
thickening agents, water-soluble 25 vitam ns, water-dispersible

vi t ani ns, TPHeeRhopimest the arogese ArAdpess PRlIPLRAFAles §vIt an sy eyAge danmeder loss
conpri si nghdispRi:hbegpe copol yol erosspol yners, non-enul sifying

el astonmers conprising dinethicone/vinyl dinmethicone crosspol yners,
oi | -sol ubl e ski are actives c risin oi | -sql ubl e terpene

al cohol s, 3 35@5’ g’t“%f‘%t, e BIRETSS B gp"’éﬁlmg@mﬁﬁséﬂm%%ﬁg frppder less
vitam n Banebs®poesmgs, retinoids, anti-oxidants/radical scavengers,
chel ators, flavonoids, anti 5 inflammatory agents, anti-cellulite
agents, topical ,anesthetics, antiperspirants, an fragrapces, .or a
conbi nat | SRompRBRR{ S e AR RAT R Sl M rah S Rang 5. o
cl eanilig dgenbaitdedmated froma) enzymes including cellulases,

per oxi dases, proteases, glucoanylases, anylases, |ipases, cutinases,
pecti nase i e 1 henol axi dases, |.i poxygenases,
P gni nases: isSEREREEne BORR R B DR RRES s REEEHT
(i-glucanases, and arabi nosidases, or b) anti-redeposition agents

i ncl udi ng Ihenetepibeditent the procesg arodusey atdedstabowl 40utagides per bost cell.

hydr oxyet hyl cel | ul ose, polyacryl ate polyners, copolyners of nmaleic

anhydri de a5 eafbbitiett 186 hibcess BRALMLIR S5O0 B aficle? p@trﬁb?épd'ehg e and

et hyl ene, copol yners of mal ei ¢ anhydride and net hyl vi ny
In one embodiment the process further comprises adding at least one polypeptide or at
15 least one substance or a combination thereof while cultivating the host cells so that the at
least one polypeptide or at least one substance binds to or is incorporated into the

polymer particles.

In one embodiment the process further comprises contacting the polymer particles with at
least one polypeptide or at least one substance or a combination thereof that binds o or is

20 adsorbed into the polymer particles.

In one embodiment the substance is a lipophilic substance that is incorporated into or

adsorbed into the polymer particles.

In one embodiment the substance is one or more skin care agents selected from sunscreen
agents, particulate materials, conditioning agents, thickening agents, water-soluble

25 vitamins, water-dispersible vitamins, oil-dispersible vitamins, emulsifying elastomers



et her, copolyners of naleic anhydride, and nethacrylic acid, or c) a
conmbi nation thereof. In one enbodi nent the fusion partner is an
enzyme sel ected fromthe list conprising cellulases, peroxidases,

pr ot eases, gl ucoanyl ases, anyl ases, ||pases, cutinases, 20

pecti nases, reductases, oxidases, phenol oxi dases, |i poxygenases,

| i gni nases, puIIuIanases tannases, pentosanases, nal anases,

( 3- gl ucanaERTisiag diieivenng sensdyol erasspeismels, Ny A g Slastomers comprising
dehydr 0gengseicoRlfTRNAS R on %g)g}y 2550 1TH 9RASNBSGR os LIARER
synt het ases, epi nerases, grox ses, tran erases, transac 3%8s and
synt hases. oil-g9l e@nmf@éhmlniplvtmetemiﬁb@ﬁame atiyeq bctmhgdm&:da@ds vitamin

fl uoresce ns or a
conblnatlg% t reo%qa?%“%%ghen%ﬁgg%%kﬂh%%WBQ%%%%ﬁgg ner 9%a%elected
f rom a Spr ondemmatarypeette ﬂm-f:aflh@mgems topidal m;tsthgmchmapanspxmnts, and
target-biqﬂigg 0 protein, a binding protein fragnent,
11 an ant g;gﬁughFﬂde§ ??ggnent an anti body heavy chain, an
antibody |ight chain, a single chain antibody, a single- domai n

ant i body ‘(& meb@rm@&ﬁlmh@)anc@ls Pahoramire bleghyng fgenty seledicd faom Fe

anti body fragnent, an Fv anti body fragment, a F(ab')2 antibody
fragment, a Fabj anéﬂz?ﬁ@éﬁn@l&&ﬁﬁr@é?ﬁlasé &H&a@escﬁ%ieﬁseg llcdGhYihse gnt ' body
fragnent, an 5 antlbody bi ndi ng domai n domai n for exanpl’e),
antigen, an anti gen?@yla%ﬁétl@ﬁ&%sﬁamasesmcb?ﬁs@soFﬁéuctﬁﬁﬁh@ptdews an

| munogen, an i MUNQQEn  fHALES P&x BaQds! B lr?asesbb@ﬁlaﬂa.%grtén\ﬁgéekve an
avidin, a streptavidin, a subs ate, an enzyne, an a co-
factor, a receptor, PeRtosenaest mﬁlamasesgﬁﬁhmnaspw fé@@pﬁb@m&ﬂ@ﬂg&wt a
receptor subunit fragnent a l|igand, an inhibitor, a hornone, a

lectin, a pol ylaystIan;@depamﬁ&u@eh@gacﬁﬁ{@n&bthﬁce@meselo bi ndi ng domai n,
a FLAG epitope, a cysteine resid rar%l eptide, a reporter

peptide, and an af ?@WWG%W?IWQ?%W%XWIW OS%POIHa%ﬂWEP g ch
thereof. In one embaghoRBRLs JriRiddshAideand A8YlCRIPE DB ofhleic

antigen, an antigenic determ nant an epito or an | nmunogen, or

b) an &ntibody or aﬁﬂl&ﬁﬂelﬁﬁ@9fhflﬁ%€gﬁmyme@?ﬂf2’@1@§ a%dﬂﬁﬁﬁflﬁ@@}hmlm& ng

domain. 1n one enmboghdBddholl el faRRE RRYd-1AE! and WHRabSES « @8 2Nt i body
bi ndi ng domai n.

c) a combination thereof.

- In one embodiment the fusion partner is an enzyme selected from the list comprising
cellulases, peroxidases, proteases, glucoamylases, amylases, lipases, cutinases,
20 pectinases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, pullulanases,
tannases, pentosanases, malanases, p-glucanases, arabinosidases, racemases, hydrolases,
dehydrogenases, polymerases, dioxygenases, monoxgenases, lyases, synthetases,

epimerases, hydroxylases, transferases, transacylases and synthases.

In one embodiment the substance is a coloured or fluorescent molecule, a radioisotope,

25  one or motre metal ions or a combination thereof,

In one embodiment the fusion partner is selected from a protein, a protein fragment, a

binding domain, a target-binding domain, a binding protein, a binding protein fragment,



I n one enbodi nent the process produces at |east about 20 particles
per host cell with an average dianeter |ess than about 110 nm In
one enbodi nent the process further conprises: 20 a. binding a
coupling reagent to the fusion partne&k or b. binding a coupling
reagent to the fusion partner and binding a substance to the

coupling reagent, or c. binding a substance to the fusion partner, or
12 d. chewiaeabady, angaribydyrigemae, poinyiely heymdhaiseangntibii lighrdhhio) 2

form ng pr g the
ol yrrer Sy pedaaniiieh Aind o AL AR DL FATLRGH]

conbi nat i diremRes apfe aﬂ5lb¢d7 forgmentarivolv angihodyt fagnfeus a@fabpaanntaady conpri ses

bi nd di
Coupl i ng rauee P Epllolf Ragml ohBle SR G P Bt PR g

reagentd t antibady bindifiggmdrtaiZd dandmﬁmmjmmglea aB ama,rm@nmgmich e

coupl ing r r N bstance to t domai n,
. a coc%%?ﬁig%l}toag] P &QréoP&lte h&t]%m%m%g Selt oT PRE gﬂglopghf‘entl on
reI at es t didingeripuive.tananidop apirdpsivivdn, aspi}samaJ anteyizpzfle alpﬁﬂzyiiiera qbart [ cI es
havi ng an

particles ﬁ%ﬁ%ggg?pg&a%%%m%am%ﬁ reger?éorﬁg?‘ﬂ?ﬁear re%"gpﬁ‘)tr ﬁ‘é@’&g %Em%%
| east one lzasd, atmnbxhﬁiylpepbmdnae cadaq:nm; &Spcﬂﬂ'uﬁldm y oeplisydiinhas e Dayd at

adar i el A SRS EPRD sgfieot iohbe ot {Bckiopiiact reppss peptice

addi ti onalandi mﬁﬁmmph@emﬁn;ﬂgndepmm&bﬁgu@ pedkyfrer particle binding
domain, a protein that conprises a polyner particle binding

In one embodiment the fusion partner comprises
a) an antigen, an antigenic determihant, an epitope, or an immunogen, or
b) an antibody or an antibody fragment, or
15 c) an antibody binding domain.
In one embodiment the fusion pariner comprises an antibody binding domain.

In one embodiment the process produces at least about 20 particles per host cell with an

average diameter less than about 110 nm.
In one embodiment the process further comprises:
20 a binding a coupling reagent to the fusion partner, or

b. binding a coupling reagent to the fusion partner and binding a substance to the

coupling reagent, or

c. binding a substance to the fusion partner, or



dormain or a particle formng protein, and at | east one fusion
partner, or (3) at least one of (1) and at |east one of (2). 13

Anot her aspect of the present invention relates to a conposition
conprising a plurality of polyner paﬁ]i cl es having an average

di aneter of |ess than about 150 rim e polynmer particles
conprising A) at |east one polynmer synthase, or 5 B) at |east one
fusi on pol ¥pepthardcadlymaditying ghepobeney rrthass o thrraatidn tpraingpeign tone
fusion partner foangd le@t_oﬁ@Bih%?ldbﬁ‘iain @g):or@écﬁhge«l%&m Ry &ahtd SRR
particle formng protein, or (2) at Teast one additional fusion

pol ypepti de compisisvipagoupdng reeenbarticle 10 binding domain, a
protein that conprises a polyner particle binding domain or a
particle f@rm gga pyredigiiban tiapdrat | east one fusion partner, or (3) at
| east one of (1) and at |east one of (2). Another aspect of the
present. invention .relates to a conpositiop comprising a plurality of
pol ymer pg'PPP%?Ig%DdH%W?%%ﬁPW%gBmWS&%B’é‘gmgﬁmlr@é‘st%? RRresaBBther 110
rim the pohytEig 15 particles conprising A) at |east one pol ymer
synt hase, or B) at |east one fusion polypeptide conprising a pol yner
synt hase gnd at. l.east one fusion ner, and C) optionally, 20 (1)
at |east ohe aél&lldknggﬁgtllphaye[ag@}tgo@%Eﬁhﬁédw%,&rn, or (2) at |east one
addi ti onal fusion polypeptide conprising a polyner particle binding
domai n, a Ipr ot éirdinghatupdiogpregss o the piotippdompnaetd dhéinph mdistagee tddrai n
or a particle ] in, and at | east one fusion partner, or
(3) at | east o%ﬁfpg%g%i%ggtﬁg at least one of (2). 14 1In one

enbodi ment at | east about 1% of the surface area of the pol yner
parti clles G 5  binding a substance to the binding domain,

d. or a combination thereof.

Another aspect of the present invention relates to a composition comprising a phirality of
polymer particles having an average diameter of less than about 200 nm, the polymer

particles comprising
15 A) at least one polymer synthase, or

B) at least one fusion polypeptide comprising a polymer synthase and at least one

fusion partner, and
O) optionally,
(1)  atleast one additional particle forming protein, or

20 (2)  atleast one additional fusion polypeptide comprising a polymer particle
binding domain, a protein that comprises a polymer particle binding

domain or a particle forming protein, and at least one fusion pariner, or

3)  atleast one of (1) and at least one of (2).



covered by surface-bound proteins. In one enbodi nent at | east about
10% of the surface area of the polyner particles is covered by
surface-bound proteins. 5 In one enbodi nent at | east about 50% of the
surface area of the polyner particles 43 covered by surface-bound
proteins. In one enbodi nent the conposition further conprises at
| east one substance bound to or incorporated into the polymer
parti cl es ‘SHOtHEr aspesiof Hheipgrsent feeriism relpiss yrecompBY Hetmsmprisiie 2 olindlthaeit e
is a |ipopfalyrhes patdbRes BGR: anhOerhdd PRGr& TR AL MBNALLN B 0D %ﬁeaﬂ&gﬁ"?e!r S one
or nore skin care agents selected fromsunscreen agents, particul ate
nateriaIstEB#@FPW@W$W§ agents, thickening agents, water-soluble
vitam ns, water-dispersible vitamns, oil-dispersible vitamns,
enul si fyi g el aslaiBhsSpolHMTBYigsE@r di met hi cone copol yol
crosspol ynmers, non-emul sifying el astonmers conpri sing
di met hicone/ vinyl di met hi cone .crosspol yners, oil-soluble skin care
St Tves ootipr | 8 st v B SUTRSHIGE EEPHURE 3P BROVS DAY Saek olee
anti-acne acti Vigson Jagha;-dagdr oxy acids, vitamn B3 conpounds,
retinoids, anti-oxidants/radical scavengers, chelators, flavonoids,
anti- inflammatot ents, anti-cellulite agents, topical
anest heti cs, aﬁ?%%%ﬁ pirants, and fragrances, or a conbination
thereof. I n one enbodi ment the substance is one or nore cleaning
agent s sel ect eff r orhl@6t cay aéditymabsricie fondinggrateihlonl ases, per oxi dases,
pr ot eases, gl ucoanyl ases, anylases, |ipases, cutinases, pectinases,
reduct ases, oxpgases, 0X] j - 4. ani ,
pul | ul anases, ngnﬁ§é§§ﬁﬂ%gﬁ%%%%ﬁ%§§§?01 ﬁ@ﬁ%%§§$§§@§wﬁ§%%5§%§$§and
ar abi ndsi dases, or Wpdiandimaindepvein thabeoragyises spdlymdéripditioly binding
met hyl cel [ ul ose, 25;¢akb , [ t-hyl cel | ul ose,
pol yacryl ate polyneﬁs, @g%oly%%%%ggégﬁﬁ%gf%PégE%Q%ﬁég%%]ém%%}V1ic
acid, copolyners of maleic 15 -anhydride and et hyl ene, copol yners of
mal ei ¢ anhydri && aﬁﬁ1%%%%@P@@h?¥“ﬁéﬁﬁém$Oﬁﬁbolyners of mal ei ¢
anhydride, and nethacrylic acid, or c) a conbination thereof.

Another aspect of the present invention relates to a composition comprising a plurality of

polymer particles having an average diameter of less than about 110 nm, the polymer

15  particles comprising
A) at least one pblymer synthase, or

B) at least one fusion polypeptide comprising a polymer synthase and at least one

fusion partner, and
)] optionally,
20 (1) atleastone additional particle forming protein, or

(2)  atleast one additional fusion polypeptide comprising a polymer particle
binding domain, a protein that comprises a polymer particle binding

domain or a particle forming protein, and at least one fusion partner, or

(3)  atleast one of (1) and at least one of (2).



I n one enbodi nent the fusion partner is an enzyne selected fromthe
list conprising 5 cellulases, peroxidases, proteases, glucoanyl ases,
anyl ases, |ipases, cutinases, pectinases, reductases, oxidases,
phenoloxidases,lipoxygenases,ligninaigs pul | ul anases, tannases,
pent osanases, nual anases, ( 3-gl ucanase ar abi nosi dases, racenmses,
hydr ol ases dehydr ogenases ol ynerases, dio ses, noxgenases,
Igases synmﬁ@ﬂ&éégwgﬁébﬁﬁ@bﬁgé¥XﬂﬁVdP€%?P§?é§ﬁl g’ ?ﬁ@ °
transacylgéﬁﬁﬁngm%%g%g oteih® | N one enbodi ment the substance is a
col oured or uorescent ecule, a rad|0|sotope one or nore netal
ions, or a conbination thereof I n one nbod e fu5|? ggrtner
dd

i s sel ect &xorercawpamspict kst abept 4P Grodihs spiacs PO F‘ﬁ]d?aﬁté

target - bi poli.ng IR . bofndhHEineg pr ot ei n a b| ndl ng protein fragnent,
an anti body,e ar‘njqantl bogy c%‘)#lagr?ent an anti body heavy chal n,

anti body light chain, a 15 e i n_antibo a, sin dOITB.I n
ant i body Ela‘)l\?ﬂqlbf?@meékaéﬂ?ﬁ?té’;o‘“g %@%%Mﬁsg&v Qgﬁié’% ﬁd

ant i body EB@%M’[SM@Q Hound@htbich@dy fragnent, a F(ab')2 anti body
fragnment, a Fab ant i body agrrent a single-chain Fv (scFv) antibody

f body. bi ndi 77
a:]? ?ggzt %OW Igm% %/ thoa !éf?rg}l?q%gxﬂg 16%??%6115?5 ag eg& on%;u%%tar?c)é%%ld%x or an

| MUNO0Jen incdfpot AL g bol Y PFRfitles & aO;tombmaﬁoﬁmeﬂaof)t in derivative, an
avidin, a streptavidin, a substrate, an enzyne, an abzyne, a co-
factor, a.,recept.or ec or fr eptor subunit, a
recept or SRBRA 4“??@@%%%959 cEWga n%ﬁ%ﬁugﬁﬁgﬁltor, a horrone, a

| ectin, a polyhistidine, a coupling donmain, a DNA binding domain, a
FLAG elpi t dpene mhuyisneet he sulstinekuie pnesOrnidse é?llﬂyc%@ilﬂepﬁéd“éﬂj@%ﬁ%?mn
pept i de, fikek Mo ERfck &g Rentd WERARLABE ON

t her eof . f@mﬁ pgﬂéﬂge ﬁgﬁ%h%%&ﬁﬁ% mQ artnef%?% a) an antigen, an
antigenic vﬁteﬂne:snwaﬂaﬂhspelazbke‘pianmpEQII@ﬁpﬁ‘a%Ub witamiog epulsgying phastgmers

anti body or ant.ib fra =Tl Rlxlgbﬂgyggn%ﬁﬁgrL
In one entSGHFHEN &T%thlﬁpu‘g%ﬁhfggﬁﬂéorqy%%%fp@?sees * fg gntal y i ndi ng
domei n.  ldimethieore¥stind idientiticona craaspolymsts, pidrsolublg el carg aqugﬁ@n}p@smge
fusio " Sparotilr—]s%{dble%erpene alcohols, phytosterols, anti-acne actives, beta-hydroxy acids, vitamin

B; compounds, retinoids, anti-oxidants/radical scavengers, chelators, flavonoids, anti-

inflammatory agents, anti-cellulite agents, topical anesthetics, antiperspirants, and

fragrances, or a combination thereof.
In one embodiment the substance is one or more cleaning agents selected from

20 a) enzymes including cellulases, peroxidases, proteases, glucoamylases,
amylases, lipases, cutinases, pectinases, reductases, oxidases,
phenoloxidases, lipoxygenases, ligninases, pullulanases, tannases,

pentosanases, malanases, -glucanases, and arabinosidases, or

b) anti-redeposition agents including methylcellulose,
25 carboxymethylcellulose, hydroxyethylcellulose, polyacrylate polymers,

copolymers of maleic anhydride and acrylic acid, copolymers of maleic



5 b. a coupling reagent is bound to the fusion partner and a
substance is bound to the coupling reagent, or c. a substance is
bound to the fusion partner, or d. the polyner synthase or the
particle form ng protein has been cheq%cally nodified with a
coupling reagent to format |east one'binding domain, or 10 e. a
conbi nati on thereof. Ig.g e enbodi nent t he fusioﬁagartner conprises a
bi ndi ng domai n and *HYCHIEHsHIRGerceRguRers PEmBisiGTatdEde sl mgthelving
domain, or b. a COU@i‘hbln%ﬂo@%ﬂz@iﬁfnha?m@@rﬂﬂ%&eoaﬂmach%Q main and a

substance is bound to the coupllng reagent, or .a su stance is
or a conblnatlon thereof Anot her

bound to the bindin
aspect of the pc ese%tc ﬁs%tf?fll%eheqfel ates to a conposition of polyner
particles produced according to a process defined above. Another

aspect of Inlpae pnbeiinentithrevesion pmlmexeisa;heﬁzm salefred §0m thelast &dr&}%rl%mﬂ
conprisin east. one de co rising a po

eyt hace: Ssttufits Nl hieRP RSrASoRyh g it Lo Srgea pol yirer
synt hase gredtimses| edsdtases) exidisds iphénofidales] lipoRAgkndsés, lighinges, paN@hdaYes, (1)
at | east qgsmgag¥§§ptlde C rls% article formng protein, or
(2) at |eaSt of ai Fionare ﬁg‘ﬁ%}ag}ﬁé’ﬁ‘hn&i’éld&?ﬁﬁ?‘ieﬁa% féydfﬂhsﬁaer
particle dshydogegasdapalymersespiiokienasts) Hon&:QaRsbsS Based, HRMYARS particle
bi nding 5 doma Eartlcle form ng proteln and at | east one

f usi on paretpr?é?‘ase%thyérf)é?ﬂ S5, SRR ASSE GRS Hasee #1d SYRateRi n at | east about

1% of the surface area of the polyner partlcle is covered by
pol ypelh i da onwmbddsnemﬁmeuhstanée kheolpted enfludreian kiokRulk &l AlRKolPe, 2

pol ymer p Lisin ast one polypeptlde
conpri si ngoElE %18 lfnr%er i ?{%scgm%l&?{agn Blreaf”

In one embodiment the fusion partner is selected from a protein, a protein fragment, a
binding domain, a target-binding domain, a binding protein, a binding protein fragment,
an antibody, an antibody fragment, an antibody heavy chain, an antibody light chain, a

15 single chain antibody, a single-domain antibody (a VHH for example), a Fab antibody
fragment, an Fe antibody fragment, an Fv antibody fragment, a F(ab*)2 antibody |
fragment, a Fab® antibody fragment, a single-chain Fv (scFv) antibody fragment, an
antibody binding domain (a ZZ domain for example), an antigen, an antigenic
determinant, an epitope, a hapten, an immunogen, an immunogen fragment, biotin, a

20  biotin derivative, an avidin, a streptavidin, a substrate, an enzyme, an abzyme, a co-
factor, a receptor, a receptor fragment, a receptor subunit, a receptor subunit fragment, a
ligand, an inhibitor, a hormone, a lectin, a polyhistidine, a coupling domain, a DNA
binding domain, a FLAG epitope, a cysteine residue, a library peptide, a reporter peptide

2

and an affinity purification peptide, or a combination thereof,
25 Inone embodiment the fusion partner is
a) an antigen, an antigenic determinant, an epitope, or an immunogen, or

b) an antibody or antibody fragment, or



B) at | east one fusion polypeptide conprising a polynmer synthase and
at least one fusion partner; and C) optionally, (1) at |east one

pol ypeptide conprising a particle formng protein, or 15 (2) at | east
one additional fusion polypeptide coqgrising a polynmer particle

bi ndi ng domain, a protein that conprises a polyner particle binding
domain, or a partlcle form ng protein, and at |east one fusion
partner, or (9) a aagABhodubigmeda@aBof: wherein at | east about 10% of
the surface area of the pol yner partlcle is covered by 20

pol ypept i geoncARobglenfdid 8ion Phrided eoﬂﬁsrgg@manﬁmd@rbﬁmfg doglait s to a

pol ymer particle conpr|5|ng A) at | east one pol ypeptide conprising
a pol ynmer _synt has or 18 B) at |east one fusion pol ypeptide
conpri si ng®* Y5 enEynthase and at |east one fusion partner; and
C) optionally, (1) at |east one pol ypeptide conprising a particle
form ng peot ei acoptindreagint atbolelds thednsorgeidner onal f usi on pol ypepti de
conprising a polymer particle binding domain, a protein that

conpri ges,a pol . i f ng
rovel i Bnd at TBaE RabilsBotd 10 Wt R anfl oRbeBRC BN

t her eof ; wher ecouphitg teegst, cabout 5096of the surface area of the

pol ymer particle is covered by 10 pol ypeptide. In one enbodi nent the
pol yrer p@rtlcggm% EJlEmﬁﬁ%P&hﬁﬁﬁn &£azt one substance bound to

or incorporate e polymer particle, or a combination thereof.

I n one enbodi nent the substance is _a protein Qr protein frﬁ nent a
peptide, & pothepelmegnthase %ﬁhﬁﬂ?&&%fgmaaﬁ%fa SOPSRERETE

ant i body bi ndi pg#QE8iH « cBIbIRARaEER w0 foﬂzﬁaﬂ@as%ﬁelmgfddﬁ&ﬁrﬁbfﬂ nant, an
epi tope, an imunogen or fragnent thereof, a netal ion, a netal

i on-coated nol ecule, biotin, aV|d|n streptaV|d|n or derlvatlves
theredl &n i nAcembiption thereof.

In one embodiment the fusion partner comprises a binding domain and
a. a coupling reagent is bound to the binding domain, or

b. a coupling reagent is bound to the binding domain and a substance is bound to the

coupling reagent, or
15 « a substance is bound to the binding domain,
d. or a combination thereof.

Another aspect of the present invention relates to a composition of polymer particles

produced according to a process defined above.
Another aspect of the present invention relates to a polymer particle comprising:
20 A) at least one polypeptide comprising a polymer synthase; or

B) at least one fusion polypeptide comprising a polymer synthase and at least one

fusion partner; and



a co-factor, a substrate, an enzyne, a co-factor, a receptor,
receptor subunit or fragment thereof, a ligand, an inhibitor, a
nonosacchari de, an oligosaccharide, a polysaccharide, a

gl ycoprotein, a lipid, a cell or fraggent thereof, a cell extract, a
virus, a hornnne a serum 20 protein, a mlk protein, a

macr onol ec a.dr of abuse, or a conbination thereof. In one
enbodi nment he Bﬁ%@ﬁgnce is one or nore skin care agents sel ected
from sunscreen agents, particulate materials, conditioning agents,

t hi ckeni ng ageiii)s, wdémtensblypdpeide vort@ivings, pavietedpruding p®icdi, bt e

vitam ns, oil-dispersible vitam ns, enul sifying el astoners

conpri sing di hi c

el astoners co I‘)I Si %g%@%ggg%ﬁ%aggﬁ@ﬁ@m%{ﬁg?% c%r%' 5’“1 Thf/mar s,
oi | -sol ubl e skin cabmdlagtlmmzes, aqmtpmthat ngnpr@ﬂsami}'rumlﬁ@rttcam

al cohol phyt ost er ne . a¢

wtamr?'S B3 conpoun%mﬁm Hmﬁg %HL' A%%mﬁgﬁtg%ggg §¥mg§%g%ﬁ§5rs

chel ators, fl avonoi ds, antl 19 inflammatory agents, anti-cellulite
agents, top|caKihneSPMEMn%@nﬂﬁﬁPﬁpersp|rants and fragrances, or a

conbi nati on thereof. In one enbodi nent the substance is one or nore

cl eani ng agRM;S »S8lseMo80 o bOHR ﬁﬁfa%@&%ﬁ'@isthé ﬁtﬂﬂqﬁé}‘ paficts) bdleR2S .

famt

per oxi dases, proteases, glucoanylases, 5 anylases, |ipases,
cuti nases,Pop@eptidéases, reductases, oxidases, phenol oxi dases,
| i poxygenases, |igninases, puIIuIanases t annases, pentosanases,

mal anases, Afothed hife@NATRPresetl thvahtddy 181865 dﬁaslﬁﬁym@;paﬂﬂhe@aﬁlpnﬁ@gﬂeDOSl tion
agents i ncl udi ng nethylcellulose carboxynethy cel | ul ose

hyd | cel | at. 10 | f
il e aniiyhr | ALl g PR R e R B 6 o Bnhyar de and

et hyl ene, copol yners of mal ei ¢ anhydride and net hyl vinyl et her,
copol yner Blof mbleedt onafukiyapélgeptidanabmypeising e pylyiver syoihdse aprd atl)easaone
combi nati on thghggj | 0. one enbodi ment the fusion partner is an
enzyne sel ecte ?Hdﬁ??% 1 st conprising 15 cellul ases, peroxidases,
pr ot eases, gl ucoanyl ases, anyl ases, |ipases, cutinases, pectinases,
reduct ases$) oxiogtewely. phenol oxi dases, |i poxygenases, Iigninases,
pul | ul anases, tannases, pentosanases, nal anases, (3-glucanases,

ar abi nosi dases 1y acgiBREshe pANPERd8 SEBprising a particle forming protein, or

15 (2)  at least one additional fusion polypeptide comprising a polymer particle
binding domain, a protein that comprises a polymer particle binding

dormain, or a particle forming protein, and at least one fusion partner, or
(3)  acombination thereof;

wherein at least about 10% of the surface area of the polymer particle is covered by

20 polypeptide.
Another aspect of the present invention relates to a polymer particle comprising:

A) at least one polypeptide comprising a polymer synthase; or



dehydr ogenases, pol ynerases, di oxygenases, nobnoxgenases, |yases,
synt het ases, epinerases, hydroxyl ases, transferases, transacyl ases
and synthases. 20 In one enbodi nent the substance is a coloured or
fluorescent nol ecul e, a radioi sotope, ;gone or nore netal ions, or a
conbi nation thereof. In one enbodi nent wherein the fusion partner is
sel ected fpm L Fhei ' Meloll ' a
tar got -bi ro g aarr: FeioR PR RE cort i R Py Bk B SR Bre
fragment, an adisi@oeyiieragndant i body fragment, an anti body heavy chain,
an antibody |ight 25 chain, a single chain antibody, a single-domain
anti body (@ VHWpfigfaiigxanple), a Fab antibody fragment, an Fe

anti body fragnent, an Fv antibody fragnent, -a F(ab')2 anti body
fragment, a Fab! antibody fragnment, a single-chain Fv (scFv) anti body
fragment, an 20D an#ilfs 1‘3@0]3’6?1?’?@3 QoA ST APl S Haing ProgiLSk anpl e)
an antigen, an antigenic determ nant, an epitope, a hapten, an

i Munogen, an i@nunegdent dicagdiedal fikioatblypertide BoiristhglBiol Mk pM@ciean
avidin, a streptavigqu ? substrate, an enzyne, an abzynme, a co-
factor, a receptor, "RUPEEURTEre Bt TRA comprises RYyBFr Retlisifpinding
receptor subunit fragni@mtor a@alicle ifgaieh pra@inl Ml Pleh@lone AisPARHABRE or @

| ectin, a polyhistidine, a coupling domain, a DNA binding domain, a
FLAG epi t ope, cysteine resi.due, a library peptide, a reporter
peptide, and g@ af%?%?lvﬂﬁﬂﬁpﬁo ati on peptide, or a conbination
thereof. In one enbodinent the fusion partner is: a) an antigen, an
anti geni c ‘desradn afi lepstaboutiYepl thopefacoaresef thapniymogearticlers caérel by an
antib qﬁgﬁa&kﬁody fragnent, or c¢) an antibody binding domain. In
one enbodi the fusion partner conprises an antibody binding
domain. In one enbodinment: a. a coupling reagent is bound to the

f usi on parlfpagemepdiment the palymstipdrticly frdenpomprises abloast dne ubstmee houwidgn
partner ang; j : i agent, or c. a
substanceQ?S%B%ﬁﬁ§£?@5?ﬁg%PE§?g%“g%&?%gﬁ?gggﬁ%hﬂgﬁ%?poIyner synt hase

or the particle fornin%.protein has been chem cally
In one embodiment the substance is a protein or protein fragment, a peptide, a

polypeptide, an antibody or antibody fragment, an antibody binding domain, an antigen,
15  an antigenic determinant, an epitope, an immunogen or fragment thereof, a metal ion, a
metal ion-coated molecule, biotin, avidin, streptavidin or derivatives thereof, an inhibitor,
a co-factor, a substrate, an enzyme, a co-factor, a receptor, receptor subunit or fragment
thereof, a ligand, an inhibitor, a monosaccharide, an oligosaccharide, a polysaccharide, a
glycoprotein, a lipid, a cell or fragment thereof, a cell extract, a virus, a hormone, a serum

20  protein, 2 milk protein, a macromolecule, a drug of abuse, or a combination thereof,

In one embodiment the substance is one or more skin care agents selected from sunscreen
agents, patticulate materials, conditioning agents, thickening agents, water-soluble
vitamins, water-dispersible vitamins, oil-dispersible vitamins, emulsifying elastomers
comprising dimethicone copolyol crosspolymers, non-emulsifying elastomers comprising
25 dimethicone/vinyl dimethicone crosspolymers, oil-soluble skin care actives comprising
oil-soluble terpene alcohols, phytosterols, anti-acne actives, beta-hydroxy acids, vitamin

B3 compounds, retinoids, anti-oxidants/radical scavengers, chelators, flavonoids, anti-



nodified with a coupling reagent to format |east one binding domain,
or 20 e. a conbination thereof. In one enbodi nent the fusion partner
conprises a binding donain and a) a coupling reagent is bound to the
bi ndi ng domain, or 21 b) a coupling reagent is bound to the binding
dormai n and a substance is bound to the coupling reagent, or c) a

substance infaRQHoR doenik, Qﬁti—gélﬂﬂ}]egb%glggg@ﬁ c%i anegtiletfég, aﬁtiﬁe? I}R!tagtg%%qg n a

thereof. 5 Another aspect of t I'nvention 1ela
pol yner pafagrances, piaprbautioeherdi ng to a process defined above.
Anot her aspect of the present invention relates to a conposition

conpri si ngnanPehdiient BRhbednte R3n8 6 hae deaRV St aliedisy Rfduced
according to a process as defined above. Another aspect of the

present invention relates to _a diagnostic reagent conmprising a 10
conposi tion of *pol yF&IEHPtipdpgeclilaseseparoiddpseshprpteasss, heepmileseng one

or nore& polyner  palthyledes ipaks, dBHARQI,RRONE:, ANULELxRRRECt of the
present invention relates to a diagnostic kit conprising a
conposi ti on of pol yPRSEOIPEARSES lipexygenagess iignineseshplialapeses dampasesi ng one

or nore pol yner paﬁént&&ﬁ&sﬁﬁalﬁﬁgé§?§~%llﬁgﬁ¥e‘§; an@iﬁra%l oQHEnggpodi ment the

pol ynmer particles in the diagnostic Kit are 1 nmmo Ised’on a

substrate conpgising.,.an ELI.SA plate, mcroarray slide or a
chr omat ographywnatr ,"meﬁPO%’ttm‘t%ﬁﬁF ‘#Bﬁsmqﬂyﬂ@ﬁmpse;\not her aspect of

the present inventiefbokghah@sellubsa h?@&ﬁ%y@éell@{%&e?f%&db?ﬂ%@ﬂoé?ﬁ%{ipna' ly

i sol ati.ng at | east one target conponent” in a sanp

conpri€ing: 20 (a) PPBVRERGmaleio whxdrnde ged asavlipneld, sppplvinerscofomini i si ng
at |east one fusi Omnh{a&lcwﬁﬁp&thﬂ@n@@é@ly%{&é Mngﬁeé@%y&%%gm&%wnd
e, 1) "a

to the polymer partic t he fusion pol ypeptide conprising

pol ymer particle bi fEfgreisnes st malelany: ?»iaéénﬁﬁa@rgg@@éﬂ,ioses a

pol ymer particle binding domain or a particle formng protein that
c) a combination thereof.

In one embodiment the fusion partner is an enzyme selected from the list comprising

15 cellulases, peroxidases, proteases, glucoamylases, amylases, lipases, cutinases,
pectinases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, pullulanases,
tarmases, pentosanases, malanases, B-glucanases, arabinosidases, racemases, hydrolases,
dehydrogenases, polymerases, dioxygenases, monoxgenases, lyases, synthetases,

epimerases, hydroxylases, transferases, transacylases and synthases.

20 In one embodiment the substance is a coloured or fluorescent molecule, a radioisotope,

one or more metal ions, or a combination thereof,

In one embodiment wherein the fusion partuer is selected from a protein, a protein
fragment, a binding domain, a target-binding domain, a binding protein, a binding protein
fragment, an antibody, an antibody fragment, an antibody heavy chain, an antibody light
25 chain, a single chain antibody, a single-domain antibody (a VHH for example), a Fab
antibody fragment, an Fe antibody fragment, an Fy antibody fragment, a F(ab”)2 antibody
fragment, a Fab’ antibody fragment, a single-chain Fy (scFv) antibody fragment, an

Ll P e e



25 conprises a polymer particle binding domain, and 22 (ii) at |east
one binding domain that will bind a target conponent, (b) contacting
the polyner particle with a sanple conprising a target conponent
such that the binding domain binds thg target conponent to forma
conplex, 5 (c) detecting the conplex, and (d) optionally separating

t he corrpl ex from sanpl n on enbodi. ment det ectl n he conpl ex
conpri sesBATHEE *H%d‘?rﬂ%{?@;@%ﬁm‘bg’f ERGl e)vﬁr’tﬂﬁmg “hlg%é% nol ecul e
that W || addérBhahg ah BEtope s, ah Gminbsogah, ahexaﬁmnmgaﬂﬁﬁgmerm,rblqﬁm gpept i de
or to the polynmer particle, and detecting the IabeII%d nol ecul e. 10

In one enbigd ﬁ%’ﬁ‘@“‘t’%éﬂ PAHRI A SEPRH B TRSTLS: A7 PRSP BEPRMT BSdy.  1n

one enbodipRAt, rEd%ﬁtoPQi'r}é or ﬂ%ﬂdn@'a&edé@tﬂpidbﬁﬁﬁ a&éceptof abeahit boynei, tao or
incorporated into t rticle | east Ol‘é}\l

a
RS SRR PRI A S S AR A s ) o ansa b
particle i agmgiﬁ@FIDAG épxﬂ@laym@t%mé@esidh@ta libldey SEPHRE, iaSeSoriar mhﬁefrer

particle binding domain or particle form ng cgproteln that conpri ses
a pol yner apskantaf m@wﬁﬁtﬁgpﬁﬁ#ﬁmacalﬁbmetiqn)’fh%ie ndi ng domai n t hat
will bind a |abelled nolecule, or c) at |east one additional fusion

pol ypept i g, QupbiisicROhefukidRPaLRF ispr otei n. 1 n one embodi ment the
pol ynmer particle conprises two or m)re dlfferent fusion 20

pol ypeptides. In one epbodi nept th r es. two or
more di ffer ent®f usi Vg %ﬁﬁnbce et anpc%?t ]%’Té%l' parﬁlé'llE ci %é%égrr face.
23 I n one enbodi nent the polyner part| cle conprises three or nore

di ffenent fusivn polapfedycdesibody fdgmepbbyner particle surface. In
one enbodi nent the polyner particle further conprises at |east one

subst ance bound to an%t;ﬂad&?‘%frﬁﬁfg%ﬁ%n' nto the polynmer parti cI e, or a
conbi nati on t héereof.

In one embodiment the fusion partner comprises an antibody binding domain.
In one embodiment:
a. a coupling reagent is bound to the fusion partner, or

15 b. a coupling reagent is boung to the fusion partner and a substance is bound

to the coupling reagent, or
c. a substance is bound to the fusion partner, or

d. the polymer synthase or the particle forming protein has been chemically

modified with a coupling reagent to form at least one binding domain, or
20 e. a combination thereof.
In one embodiment the fusion partner comprises a binding domain and

a) a coupling reagent is bound to the binding domain, or



5 I n one enbodi nent the substance is a coloured fluorescent nolecul e,
a radioi sotope, or one or nore netal ions, or a conbination thereof.
I n one enbodi nent the binding domain is a) an antigen, an antigenic
determ nant, an epitope or an im’runoggp, or b) an antibody or

anti body fragnent, or 10 c) an anti body binding domain. In one

enbodi nent the |nd| ng domain is Pro Z domain. In one
enbodi ment t he arg@t g‘ipg Bﬁﬁ‘%ﬂ?ls@u C{etPel&etkEB‘?‘F&%’rﬁ‘aé“ #rsubsiancaispr ot ei n
fragment, a pepti deomﬂtt@ﬂiew@ﬂﬁlge@gera, a0l ypepti de fragment, an

anti body, an antibody fragment, an antibody binding donain, an
antigen, an antjgen_fragne a ni c, det erm nant, an 15
epitope, a hapttl‘-)zn, ARG %ﬁtﬁ%&@‘é‘ﬁ‘?%ﬁ“rbﬁm&a@ﬁmfragnent a metal ion,
a netal ion- coated nolecule, biotin, a biotin derivative, avidin,
streptavidin, ab inhibédngrnatian terebfict or, a substrate, an enzyne, an
abzynme, a receptor, a receptor fragnent, a receptor subunit, a
recept S C L.gand Jece t or
rgon St o Rl s s TR Hrosef il tctals KIRRNRE s Roo B FERERE! g
prot ei n, dogipgrrassidefigedmboteei n fragnent, a 20 growh factor, a growh
factor fragrrent a transcription factor, a transcription factor
fragment, mmothdrBidakit

nmedi ator, a mnoﬂgacdgﬁlgrp?%sgmwe%re%tgg%a% gﬁtlo@&rﬁ(}% £lggg§§rl de, a
gl ycopr ot R icleps|defined, abgvecBatlis praduce&qcoxﬁmgft@c Eromseaederfmeéabove
cell-surface lipid, a cell-surface carbohydrate, a cell-surface

gl ycopr ot eidbthed aﬁﬁéﬂ of Selpkad6itt anv'énfi/dnr rla'lﬁt’es 5 an1£§1‘1§ stfc@edgehl cgfng
horm)ngy a serymprotein, a 25 mlls protein, a nacronmo Pge a drug
e,

of abube, TPBHRY #@Otye%%twlewﬁeﬁw.aéwe@r ﬁ@nprerlnmpmmlwr y

active agehatticled abasHe@LiRk] Y active agent, a |abel, a coupling
reagent a library peptide, an expression construct a nucleic acid

a comégno%l on t ﬁgf . 24. I n,one enbodjnent the target conponent
|s sel ect fieg RsPP t°£ SRSt H“’Snt(qntreleffs to o Jiggupytis i cpuarigng 8 4) |
| nt er | eukicompoditidr dE)polylndt gurli@eblds Refinkl abdvieor dehpristid Rk 'otehibt%rboﬁmfet L-7),
I nterleul dn 1 % 1&5@%&@ Interleuldn-6 (IL-6), Interleulcin-I'2p
(1L-12p70)P3 85 Ui “fcr ophage- Col ony Stinul ating Fact or
(GW CSF), cleaved PARP, Bel-2, and active 5 Caspase-3 protein |evels,
| nt er | Gukilmoss grhbodB)ent ﬁla$bl§'rnﬁi' Ieriddidsdh the Qipwbsfic kR etedmn{dBiieE) en a

substrate comprising an ELISA plate, microatray slide or a chromatography matrix, or a

combination thereof.

Another aspect of the present invention relates to a method of detecting and optionally

isolating at least one target component in a sample, the method comprising:

20 (a)  providing at least one polyn'ter particle comprising at least one fusion
polypeptide covalently or non-covalently bound to the polymer particle,

the fusion polypeptide comprising

i) a polymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that

25 comprises a polymer particle binding domain, and



Angi ogenin (ANG, Vascul ar Endothelial G owh Factor (VEGF), and
Tunmor Necrosis Factor (TNF), Interleulcin-8 (CXCL8/I1L-8), RANTES
(CCL5/ RANTES), Monoki ne- induced by Interferon-7 (CXCL9/M G,
Monocyt e Chenpattractant Protein-1 ( 2/ MCP-1), or

I nterferon-y-induced Protein-10 (CXCLIO/IP-10), or a mxture 10
thereof. In one enbg,gi rreni the at | east one polyner particle is

i mobi | i sed on a sul¥t r attérasiopRpiRfiag Apmain tiaf ehbipd ataeget parepnanty ay
slide or a chromatography matrix. In one enbodi nent the at |east one
pol ymer particl(®) coommdctstha polgmpoiayiols witk bingliCodiReneadagcor di ng
to a nethod of the invention, 1%?3’@:‘?51? %(;#)Prrposi_ti on of the rnvention,
or c. a polyner par £FoReREFuGhbat] REfPmaahipdrehe taeggeompenent ke
present invention remtesmbRxa method of produci ng reconbi nant

pol ypeptides, the nethod conprising culturing a particle-producing
host cell that , .conprises an expression construct conprising a

nucl ei c;%l aci d sgaue% ec@ﬁ%g’&icﬂlap X’fﬂﬂii on 20 pol ypeptide, the fusion
pol ypeptide conprising (a) a polyner particle binding domain, a

pol ypepti de thé&d) coopivhabsseparatingltherm@mpparftoncihe shipleli ng domain or a
particle formng protein that conprises a polyner particle binding

domai n, a 1 t .l nel usj.on. bodi es e .
expr essed 1o oom Rt BRR s e kb BB ol g Bl BB AR i

cul ture cdedeiclipdmeleaile thetivilldisdto fiercomplpxemshant leaft ohb fisfongolypeptide or

pol ypepti I r i r nd.for formation of

pol ymer pgﬁ}{e&g&&ep %rg%i%ea?&g%t%gggﬁ{gﬁéqeﬂ%16‘?15%%% invention relates to
a nmet hod of producing reconbi nant pol ypeptides conprising 5 (a)

provi di%ng 1 png eatodivesni the labeBel mdeqptsdp e labellesamiibddsi ng (i) a pol ymer
particle binding domain, a polypeptide that conprises a polyner
particle b @@O@Qﬁ@tfh&%biyﬁlep@ﬁﬁdl&écﬁgfrgégﬁ ng protein that conprises
a polynmer particle binding donain, an

a) a label bound to or incorporated into the polymer particle, or
b) at least one additional fusion polypeptide comprising

)] a polymer a polymer particle binding domain, a polypeptide that
15 comprises a polymer particle binding domain or a particle forming

protein that comprises a polymer particle binding domain, and
(iiy  abinding domain that will bind a labelled molecule, or
c) at least one additional fusion polypeptide comprising a reporter protein.

In one embodiment the polymer particle comprises two or more different fusion

20 polypeptides.

In one embodiment the polymer particle comprises two or more different fusion

polypeptides on the polymer particle surface,



(ii) a polypeptide that fornms inclusion bodies when expressed in a
10 cel lul ar expression system and (b) contacting the fusion

pol ypeptide with a particle-formng reaction mxture to form at

| east one polynmer particle. In one enpgdi ment the particle formng
protein conprises a polynmer synthase. In one enbodinent the

particle-formng,react.i Xt ur ri.se nt hase. 15
I n one enbg i eg’[bof en”ﬁslfog‘]ﬁn Fﬁﬁ%rcnggmﬁs %’6‘?%5‘5’%%@{6 S8y s

i ncl usi on bdﬂm@ﬁ&mhﬁﬂwIﬁ&@kﬂ@&ﬁdemmﬁaacelIuIar expressi on system In
one enbodi nent the host ceII conpri ses tmo or nDre di fferent

expressi ony( each_ e ffer

pol ypepti de. &H@%&éﬁﬁ&g%% SrEnt pflﬁléféﬁé%ﬁr %Dnép(gﬁ%sralt eégt c?lﬁéuqsﬁ‘?‘ie bgpmdiog
of selecti ngn@rﬂnmitgtbmmthdﬁolyrhatpartﬂ:&, bror cvmnbimadbridiezsf. bodi es when
expressed in a cellular expression systemby: (a) conducting a

L Leratyr exaaateRo SR blun s PO RAIAR LA AR, T EYhOUSY: Doen

determned to rminclusio ressed
expr essi onomyos e metal ig@, o Hondiptiesthergt. a candl dat e poI ypeptide in a
cell that can not form polymer particl es and exam ni ng the cell

m cr oscopi E?dnla&ﬁ&ﬁnqglﬁ?ﬂé’ﬂlﬁkﬁ%%\%b‘?%mfs not the expressed

pol ypeptide fornms i1 nclusio S. I n one enbodi nent the nethod
further conprises 5 (1), separating the polyner particles fromthe
celI's or the rédcti 8haHisgp@nenligsnicelaninwt.AnEBiRsHr & BRMEWEY: PBi ng
pol ynmer particles, and (2) optionally separating the fusion

pol ypeptide fran t hen poibvdes: Habddyeta gﬁ.ent, &nd (2) optionally
separating the pol ypeptide from t he fusion polypeptide. 10 In one
enbodi gent the econbl ti.de does not require refolding.
Anot he?aaaspect f tﬁemb%g‘iye 1%%5%%%%”, relates to a nethod of
identifying a target nolecule that binds a receptor pol ypeptide, the

met hod conwrons embpediagnt gredindipgdprain i Eaddin dre 4 7@ domein. particl e

conprising at | east one fusion
In one embodiment the target component is selected from a protein, a protein fragment, a

peptide, a polypeptide, a polypeptide fragment, an antibody, an antibody fragment, an
antibody binding domain, an antigen, an antigen fragment, an antigenic determinant, an
15  epitope, a hapten, an immunogen, an immunogen fragment, a metal ion, a metal ion-
coated molecule, biotin, a biotin derivative, avidin, streptavidin, an inhibitor, a co-factor,
a substrate, an enzyme, an abzyme, a receptor, a receptor fragment, a receptor subunit, a
receptor subunit fragment, a ligand, a receptor ligand, a receptor agonist, a receptor
antagonist, a signalling molecule, a signalling protein, a signalling protein fragment, a
20 growth factor, a growth factor fragment, a transcription factor, a transcription factor
fragment, an inhibitor, a cytokine, a chemokine, an inflasnmatory mediator, a
monosaccharide, an oligosaccharide, a polysaccharide, a glycoprotein, a lipid, a cell, a
cell-surface protein, a cell-surface lipid, a cell-surface carbohydrate, a cell-surface
glycoprotein, a cell extract, a virus, a virus coat protein, a hormone, a serum protein, a
25 milk protein, a macromolecule, a drug of abuse, a coupling reagent, a polyhistidine, a
pharmaceutically active agent, a biologically active agent, a label, a coupling reagent, a

library peptide, an expression construct, a nucleic acid or a combination thereof,



pol ypepti de, the fusion polypeptide conprising 15 (i) a pol yner
particle binding domain, a polypeptide that conprises a polyner
particle binding domain or a particle formng protein that conprises
a polymer particle binding domain, angs(ii) at |east one receptor

pol ypeptide, b) contacting the at |east one polymer particle with at

I t | ecul.e, and ¢) i.dentifyin target. nol ecule
that  bi ns oRacrbedlelheSit SamBiafih st ot LB BTN, o1 econ:
L_nvgnti on Ineklsmlé]sri!ﬂ(wa, m:-;lﬁ@ﬁl-ﬁi(lﬂnﬁbehﬁéﬂfe?ﬂ:tjmg?‘ &Ltmg,gﬁﬁegeumg?z S{Ia;udu:)ﬁ tQ?t
inds ar L. pr.i Si ng.

| east o mﬁ%% f/‘#%?ll%gﬁ{lgé ﬂ‘gerie&gfglf'é]@ﬁféqﬁr??ﬂ?@g’é%pg‘ﬁéLf]%Q% npBYYBEpt i de
domai nes & polyReELLde LA O sen ooyt Fareisle Binding
omai n,. a pPo i s [

domai nI or &*° é?‘?’ﬁ’é‘?@nﬂe@%ﬁﬂ;ﬁiﬂ% miij‘jh‘&ﬁii 1'%?;5@%3;535%@%& 2

t hAmglbgag ) tbthel QAB , i
Eggt;gt?n thgﬁ@nqﬁggng?ne olﬁq;r gartic?eﬁﬁyfﬁggt Iegst oneE?arget
i ecul e, &ﬁ@;ﬁﬁ‘}ﬁb ity (ks {irgtlyislatiohaimsintoniie. ™
receptor lih b ridRathecasnant), : _
R et Soen P U Ly S
i sing. 2 r - ning a

ﬁ?ggglébguh@aﬁpn of expre;Eion constructs wherein each expression
construct conprises a nucleic acid sequence encoding a fusion

pol ypeptide, the fusion 15 pol ypeptide conprising. (i) a pol yner
particle SP Aoy ﬁgbcﬁfé??ﬁ?ﬁ? atlegshp ARG g‘lsé‘%gn asubsBigmer
particl e homgtisigy AOREISA fite, niftdididytige bOd dkdiGatddrAIh® inhul:nat  conpri ses
a polynmer particle binding domain, and

In one embodiment the at least one polymer particle comprises

a a polymer particle produced according to a method of the invention,
15 b. a composition of the invention, or
c. a polymer particle of the invention.

Another aspect of the present invention relates to a method of producing recombinant
polypeptides, the method compriéing culturing a particle-producing host cell that
comprises an expression construct comprising a nucleic acid sequence encoding a fusion

20 polypeptide, the fusion polypeptide comprising

(a) a polymer particle binding domain, a polypeptide that comprises a
polymer iaarticle binding domain or a particle forming protein that

comprises a polymer particle binding domain, and

(b)  apolypeptide that forms inclusion bodies when expressed in a cellular

25 expression system,



(ii) at least one polypeptide of interest; 20 b) inducing the host
cell to produce polymer particles and express the expression
constructs to produce a m xed popul ati on of fusion polypeptides that
bi nd the polynmer particles; and c) op%%onally separating the m xed
popul ati on of polyner particles fromthe host cell. 28 Another
aspect of the present invention relates to a nethod of identifying a
target ol ecul"derahie sl copditippy ate suitable {5 sppeunCsthsiisiomg: ( a)
providing a m ;p@%@@ﬂa @kl (R e:@fes Ok NJﬁ@tE'ucPﬁ{dtibeoﬁwlﬁatfbﬂ%Pf:éal?in@x%a@tidi@_sxed
u

popul ati on of sion pol ypeptides, the fusion polypeptidés conprising

5 (i) a polyner particle binding domain, a | ypeptj de that conprises
> pol yor AR ARSE o it T LR TER A Lo PR o TFRRTE GFCGRBTERN. ¢ hat
conpri ses blypRhid¥E EolgtstdeCl € bi nding domain, and (ii) at |east one

| i brary pol ypeptide; (b) contacting the polyner particles with at

| east one target, nol ecule; .10 (c) jdentifying a target nolecul e that
bi nds éplibrargﬂpol9§¥ﬁﬁﬁﬁéha$ﬂg%%@mﬁH%ﬁﬂﬁ%@%%xmﬁ@ﬁgifying the target
nol ecul e conprises contacting the polymer particle with a |abelled
nol ecul e that will £)nd 4mlirhe phaicdinding deaime a pdlgpdptide thtt doamsitesane

e e et 8° O BBl PP b Pl

i mobi | i sed on a subst r adompeiesrarpobintg paticle bindkkdSAaip] aide, m croarray
slide or a chromatography matrix. In one enbodi nent the at | east one
pol ypepti de of intepgst, I f { brar. I tl.de or the
at | east one recept Qg Iiglsaot};’g)eﬁgdeé%qzcé gé}% %llrsgjglqbgﬁ%srggéélér@%gse%%o ein
fragmelt, a bi ndi ng donmichyulazexpmsgjet sybiemdamdg domai n, a bi ndi ng
protein, a binding protein fragnment, an antibody, an anti body
fragment, an angy bogy,.h Ao BB BB T el aimr |
single chain ag@ibody, gﬁ%%ﬁgFe-gg&@%%ﬂakkgggﬁ§#kgﬁEgégg%t|nb ?ﬁm
fragment, an Fe antofooal§t leasbepewniymenparifsle.ant i body fragnment, a
F(ab')2 anti body fragnent, a Fab' antibody fragment, a single-chain

Fv (scFv) marhé BasbaihéRaReakicledhmans hoRfYedRipfitdsiGolymer synthase.

In one embodiment the particle-forming reaction mixture comprises a polymer synthase.

15 Inone embodiment the fusion partner is a polypeptide that forms inclusion bodies when

expressed in a cellular expression system.

In one embodiment the host cell comprises two or more different expression constructs

that each encode a different fusion polypeptide.

In one embodiment the method comprises the initial step of selecting a polypeptide that

20 forms inclusion bodies when expressed in a cellular expression system by:

(a) conducting a literature search to identify a polypeptide that has previously
been determined to form inclusion bodies when expressed in a cellular

expression system; or



domai n, an antigen, an antigenic determ nant, an epitope, a hapten,
an i mmunogen, an i mmunogen fragnent, biotin, a biotin derivative, an
avidin, a streptavidin, a substrate, an 25 enzyne, an abzyne, a
co-factor, a receptor, a receptor fraggent, a receptor subunit, a
receptor subunit fragnment, an inhibitor, a coupling domain, or a
conbi nation thereof. 29 Anot her aspect of t resent invention

rel ates to a méPhode8ressRgACHIYA aF?Q’OgYPFﬁ éliac%ﬁgé’ﬁlll potifors PO ds a
fusi on pol ypeptide %ﬂﬂ%é Sdamin twcenInqblag:oﬁcﬂw%eﬁmﬁawﬁémérme

i nvention wherein the fusion partner onprises at | east one receptor
pol ypeptide, at Iea§ﬂt@ﬁ@¢ﬁ@%@ﬁ@89qﬁﬂﬁﬁﬁ@3HﬁFEWB bpdigsst one

pol ypeptide of interest, at |east one library polypeptide, or a

conbi nat i oR @Qgﬁlg&ﬁmeﬂt@e rﬁammﬁh@goﬁ]ﬁ%egonpom tion with at | east one
target nolecule, and (c) identifying a target nolecule that binds

the fusjon partner. |In gne enbodi nent f he t et nD ecul e
conpri sks cont &tk i n§PRHENS e pREMer W‘%ﬁ%"%ﬁﬁh‘ggﬁd}%ﬁh? r?aﬁﬁ%‘%fﬂ Rl

nol ecul e that wi || BiodGestaobipesitiat @aiprisip pelyiner pakieldshandat | east one
fusion pol ypeptide or to the polyner particle, and detecting t he

| obi |1 sed on @ suBBIPAT,<EABIA B R CRe SRR Bt Py

slide or a chromat ogiicaphy matri x. Anot her aspect of t he pr esent
invention relates to a diagnostic reagent conprising a 15 . polyner

particle as def . : ention
relates to di ag(rj(;st I @JP ﬁysﬁﬁkﬁ,ﬁ@ %gﬂgﬁg{é?eggﬁ%é&%p%{lﬁ% tgaédefl ned
above. Another aspect of the present invention relates to a nethod as
def i nel ablewee embedimers tisoseambinntpolyepiidrelgentns yauipheefading. 20 (a) 80 %
of the particles in the conposition have a dianeter of between about

10 nmto Q@ﬁlﬂﬁermcm&he(ﬂ?éseﬁqnv&ﬁ‘(ﬁn ks RAd fnbibb @61 ilehifNes £RRROSI i on

have a di aneter bet ween about 10 nmto about 100 nm (c) 45 % of

the parti @@§°¢%WW®W§T°F PRt the nethpdePBPTigRE bet ween” about

a) providing at least one polymer particle comprising at least one fsion

polypeptide, the fusion polypeptide comprising

15 ) a polymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that

comprises a polymer particle binding domain, and
(if)  at least one receptor polypeptide,

b) contacting the at least one polymer particle with at least one target

20 molecule, and
c) identifying a target molecule that binds the receptor polypeptide.

Another aspect of the present invention relates to a method of identifying a target

molecule that binds a receptor ligand, the method comprising:



25 10 nmto about 80 mMm; 30 (d) 40 % of the particles in the
conposition have a dianeter of between about 10 -nmto about 60 rim
(e) 25 %of the particles in the conposition have a dianeter of.

bet ween about 10 nmto about 50 nm 5 (f) 5 %of the particles in
t he conposition have a di aneter of between about 10 nmto about 35
nm Anot her aspect of the Present i nvention rel ates tlo an gj)sg{)ressi on
construct oper &9l y MPYfig o legst anegobwify PHHERSPBPTIsg R leashing 8108
construct conpri si ngsivdedidetthe LERR boloRPtiddIEInfRingCi d sequence encodi ng
a polynmer synthase; or 10 (2) at | east one nucleic acid sequence
encodi ng a fusion pglypeptide that _.cqonprises a pol r,.synt hase and
at | east one fusiondpar tarié’llYmeAﬁﬁ)‘flﬁlépmg’élﬁ&??’a@faP“ﬂ@%ﬁ%s%ﬁt""?ﬂ%ﬁ?i on
rel ates to an expressi orpowbmggbﬁgﬁga&mﬁnlok 8€lcle e mangSir6iein Ghat
pronoter, the expression construct conprisjng: (1) .at | east one

nucl ei @ aci d sequence erfeB#ILFG EQOHW&P%?°1%J9‘H&H§§%‘?&‘BT&“‘115 (2) at

| east one nucleic acid sequence encoding a fusion pol ypeptide that
conprises a pol ynmergynthhaas oadtcdtorlligasl, one fusion partner; and (3)
at | east one nucleic acid sequence encoding a particle form ng
protein or at ,least one nucleic, acid. sequence codi n n.addi ti onal
fusi on pol ypepﬁ)de “ ac%n%tgn%ﬁﬁaﬂ?n&?opwg%%ﬁﬁe %graele%St?%egtar di tional
fusi on pol ypepti de R@leegapmtises (a) a pol yner particle binding

dormai n, a pol ypeptide that conprises a polymer particle binding

parti ol e bi ndi 19 dongt ey kARl daEbinaCAFREbAS ED VTP )
Anot her aspect of the p’resent invention relates to an expression

const rifct Anéeadipgotiof ik etpsent dnvantinmrelaigs foreonehed of proficiag prexedli on
construct p%BHEtﬁdnsdf B8fymer particles comprising:

a) providing a particle-producing host cell containing a mixed population of
expression constructs wherein sach expression construct comprises a
nucleic acid sequence encoding a fusion polypeptide, the fusion

15 polypeptide comprising

(i) . apolymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that

comprises a polymer particle binding domain, and
(i)  atleast one polypeptide of interest;

20 . b) inducing the host cell to produce polymer particles and express the
expression constructs to produce a mixed population of fusion

polypeptides that bind the polymer particles; and

c) optionally separating the mixed population of polymer particles from the

host cell.



(1) at |east one nucleic acid sequence encoding a fusion polypeptide
that conprises a polyner synthase and at | east one fusion partner;
and 5 (2) at |east one nucleic acid sequence encodi ng an additional
fusion polypeptide that conprises atzkeast one pol ypeptide and a

bi ndi ng domain that binds the fusion™artner of the fusion

pol ypepti de. Another aspect of the present inventjon relates to a
vect or con%f*P@Frr?éP%hC’fégkf‘pﬁ’ré%eﬁ igrentien Frigs e £ st 05 Reldemifeing pdweet 10 1 n

one enbodi Hﬁﬁcu%ﬁ%tﬁﬁﬁgﬁﬁﬁ&?ﬁoﬁﬁébﬁiéé&ﬁpﬂs&g@n_ a high conpy nunber
vector. Another aspect of e present invention relates to a host

cell conprising an expression _construc r a vector as, defined
above. The fol I8 'ngj’“glhfﬁ%?%ﬁf@o %}IOPQ%B@%‘WW%* S GempingAspired

aspects. In one enbQﬂbﬂﬁﬂhjﬁﬁkuﬁ&ﬂgmﬁﬁﬁﬁgﬂﬁﬁhﬁ@y@%ﬁmﬁ@ﬂﬁ6&ﬁ¢ﬁjﬁg | east
nds

one pol ypeptide and a 15 binding donain that bi t he fusion

partner_of the fusign polypeptide.or .the additional fusion .

pol ypepti de. Such fu8i onaéﬁﬁwﬂﬁ%@n@ﬂ’% @lwa{%g%&pﬁ%@g?@a&ow@sﬁs&
separated with the pol ypslympasaticld Badihg Amdiosta weddisorhing @ffein that
enbodi ment the polynmer core conprises a I r selected from

pol y- bet a-ami no aci ds, 86W§P§g¥ﬁf%@?T%Hﬁ§#%%@§§§@P§L3 pol yesters.
Most preferably the polyner conprises 20 pol yhydroxyal kanoate (PHA),

pref erably pol y(3- hyir oxytiedsysmtiibyarf RHR)eptiday one enbodi ment t he
pol ymer particle conprises a polymer core encapsul ated by a

phosphol i pi d nmogol a ks . (Nl 3 .ng
protein is boun@g)t o)ét‘8 é}%cn%g lﬂ%%&}ﬁ?%?%h%ﬁ?%&ﬁ %ﬁ%agp%%éag%ﬁé Oﬁ%ﬁmc? ’

monol ayer or is bound to both. 32 In one enbodinment the particle

for mi ng? prot ei ¢} s ddplfvingA freermeleniletbytdingds elipragopaipeptide. t he pol ymer
particle it fornms. In one enbodi nent the particle formng protein is

sel ect ed f ndRetehBo@neRd@RifRiOME tiset bR c&RITRES &R cBnPRb YoTPher
ulator, a_polyner synthase and a

depol ynerase,, a poliger re . I 5
particle sPanE‘-’IB@‘_ETEF bﬁﬂ%@%%ﬂﬁ‘eﬁﬂﬁmﬁ%@éo Bie dargt mrolgsples toribgnAtyeast one
ori gi nate fiiERMHlyESHHAE S0 K Polyntdhadbie, maReRlifghe HRIRYE BYlRALY Mer
particles, in particular those from

In one embodiment the polymer particle is irnmobilised on a substrate comprising an

15 ELISA plate, microarray slide or a chromatography matrix,

In one embodiment the at least one polypeptide of interest, the at least one library
polypeptide or the at least one receptor ligand is selected from a protein, a protein
fragment, a binding domain, a target-binding domain, a binding protein, a binding protein
fragment, an antibody, an antibody fragment, an antibady heavy chain, an antibody light
20 chain, a single chain antibody, a single-domain antibody, a Fab antibody fragment, an Fc
antibody fragment, an Fv antibody fragment, a F(ab’)2 antibody fragment, a Fab’
antibody fragment, a single-chain Fv (scFv) antibody fragment, an antibody binding
domain, an antigen, an antigenic determinant, an epitope, a hapten, an immunogen, an
immunogen fragment, biotin, a biotin derivative, an avidin, a streptavidin, a substrate, an
23 enzyme, an abzyme, a co-factor, a receptor, a receptor fragment, a receptor subunit, a

receptor subunit fragment, an inhibitor, a coupling domain, or a combination thereof.



t he genera Ral stonia, Alcaligenes and Pseudoi nonas, nore preferably
selected fromthe group conprising Ralstonia eutropha, Alcaligenes
| at us, Pseudononas putida, Pseudononas ol eovorans, Pseudoni onas
aer ugi nosa, and Hal obifornma haloterregtris. 10 I n one enbodi ment the
pol ymer synt hase is a PHA polymer synthase from Ral stonia eutropha,
Pseudormnas | eovor aps, Pseudonpnas  putida, Pseudonpnas aer ygi nosa,
Aer ononas A5ATREE a8Pert OftH BressIEVHFIGA i %?51 to Sﬁnq—@ﬁé’g?déﬁtffgmﬁ&rt? g‘#’or tui.
The nucl ealoiddBlcSRMYRAEL s pSI9pdptide sotifirRge genes from 45 different
bacteria have been obtained, differing in primary structure,
substrate spec icit nd subunit c osition nt hases
for use in the aéreSIE%‘E"%P%%8%R°5ﬁloﬁpgpg&vg?t?°6’e‘g‘efeﬁp@8iﬁ%%fqnpa Rehm B.
H A, Biochem J.,cofnpfs3ht leT 6felicebior 3lypaliide t lesst By @édptor ligand, at

i ncorpgrated by reference. For npl e, .the pol.yner t hase may
conprise a PHA pol %ﬁaéForée)PH]cyﬁ%\@’éleP?Wr@t ar‘iie@étto F!‘graﬁpoi%’ bcfl n?ffa A
vinosum B. negat erdouibinattbn hBebSNOrtui , P. aur eof aci ens, P.
putida, which have AcceSS| on No.s AY836680 AE004091, A8205104
AF109909, YP137339, t 51?44413 go restpeq ar}a I n one
embodi ment t he®ar t PRERTE efﬁor?&oﬁ)‘ Orl:?ﬁ%@?ﬁn $t*PBreferably
the phasin is selected fromthe group conprising a phasin fromR
eut ropha and P{c)ol eidantifidngss targst mblecdibat bihds thh@sionppghaP from R
eutropha and the phasin phaF fromP. ol eovorans. In one enbodi nent

the parti gl g,f Qurhng, 1d91¥t§%ﬂ ﬁ?%&ﬂ&&QIe cgfnpﬁazg célﬂac‘ﬁh%{hg Ip@fyﬁlgi"(:t ron

of 25 pol'yner particles rising or facil ath)tg
pol ymdfi satitiole vath a lhkellediyslerile ‘dﬂ@t i) bindHp direcirszaiondle@bsatatie aklprstoren A

or the. SUbSIPIRLREREYFR GBI Prpartile 1R ARCURIRC TR gles 0t r A1 €

substituted am no acid, |actate, ester or_saturated or unsaturat ed
fatty aci dnonqmmeiodimast e aplwingy pagishe is irmghilised A GEHPRATe cPMBIHET .| ¢

aci d Sequm@%m@mw&%%_yéi%o@afcmamg&@hyﬁgﬁw de 5 conprises: In

one enbodi nent "thé nucleic acid sequencé that codes for a fusion

pol ypeptide  conprises: (1) a nucleic acid,sequence that codes for a
fusion p arAnether aspeit PB@B QeessRf ipentiop relates to a diaguostic reagent comprising a

15 . polymer particle as defined above.

Another aspect of the present invention relates to diagnostic kit comprising a polymer

particle as defined above.

Another aspect of the present invention relates to a method as defined above ora

composition as defined above wherein:

20 (a) 80 % of the particles in the composifion have a diameter of between about

10 nm to about 150 nm;

(b) 60 % of the particles in the composition have a diameter of between about

10 nm to gbout 100 nm;

(c) 45 % of the particles in the composition have a diameter of between about

25 10 nm to about 80 nim;



5 or 3 end of the nucleic acid sequence that codes for a polymer 10
synt hase, a polyner particle binding domain, a protein conprising a
pol ynmer particle binding domain, or a particle formng protein, or
(2) a nucleic acid sequence that codeg, for a fusion partner
indirectly fused with the 5 or 3 end of the nucleic acid sequence

t hat codes for poI S ase ol yme icle di ng

omai n. o pr ot 60n” BN cremgriles B e Pophes B b PR Gt af hVOSHPH, or
a particle fornlng po &h € sohgoamgh a pol ynucl eoti de Ilnker or spacer
sequence of a desired length, or (3) a nucleic acid sequence t hat

codes for a fusion partner that is,inserted into l.eic acid
sequence that &8d esgf 0 iﬁ%ﬁ&?#@ g ﬁ?l}]ﬂﬁﬁlm Qavﬁc?i i eger OE g?tfvf’?ﬂ Out
bi ndi ng domai n, a preEugiaeeNPringicdg a pol ymer particle binding 20
donain or a particle formng protein through a polynucleotide | i nker

Chat “0ades 1or 1 pr dreean BRST I ERPpEoAbh B Y GhiEr Ao et

aci d sequence that toaesodont 3 fmsi on partner and the nucleic acid
sequence that codes for a polymer synthase a polynmer 25 particle
bi ndi ng do r

domi 1 or s e og B sl SRl i 1efls Bt B b, by e
seqguence ﬁhaB&m@dmsn@nmﬂaesmhﬁmﬁpbmmmﬁ@ombemnmt spaced between the
nucl eic acid sequence that codes for a fusion partner and the
nucl ei ¢ aci d seguen R MR, ASErhade: BRI YET
particle bindiﬁg do%gﬁﬁnﬂgngggggﬁgg%%ﬁ%r?élngggiﬁg%ﬂhgﬁﬂpart?cle

bi ndi ng 5 domai n, aﬁ8$rt|cle form ng protein; g

conbi it i on of @wo dleastie narep apf scquaics acodimB A HRROYISE R At e ast

one fusion pol ypept &%rﬁ@s’%dlﬁ&?syﬂtﬁ&seﬁﬁﬂﬁﬁ@a%m@@dsﬁnﬁﬁﬂﬁb@nce t hat
codes for a fusion partner contiguous with the N or G termnal end

of the am no acid sequence that codes for a pol
pol ymer af{}tO#@r %Sps?fﬁgﬁﬁ@r%ﬁwﬁnﬂ% TRAEE B 4 < ¥“§Pﬂ§jwﬁt Spbiably ke *

to a strong promoter, the expression construct comprising:

(1)  atleast one nucleic acid sequence encoding a polymer synthase; or

15 (2) at least one nucleic acid sequence encoding a fusion polypeptide that

comprises a polymer synthase and at least one fusion partner; and

(3) at least one nucleic acid sequence encoding a particle forming protein or at
least one nucleic acid sequence encoding an additional firsion polypeptide
or a combination thereof, wherein the additional fusion polypeptide

20 comprises

(a) a polymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that

comprises a polymer particle binding domain, and

{b)  atleast one fusion partner.



pol ymer particle binding domain, or a particle formng protein, or
(2) an ami no acid sequence that codes for- a fusion partner indirectly
fused with the N or G termnal of the amno acid sequence that
codes for a polyner synthase, a pol yger particle binding donmain, a
protein 15 conprising a polyner particle binding donmain, or a

o o desi reieLmpefof BB e KRR REk i Seviimee i daney Tt

codes for taafugiggrorpatet therexprigionicensinsebmedsingit 0 t he amino aci d
sequence that codes for a polynmer synthase, a polyner particle

bi ndi ng domai ns\a p i 1Sl ql r rticle 20 binding
domain, or a pgl) ti c{tgéa?ﬂodr}lﬁ‘l%ﬁggﬁ 3 %? ge%;]ﬁ}cﬁ r %%gﬁgﬁqﬁséﬂ Roy@ept{ds or
spacer sequence of erugeisésaaublinsmgyihasoand a4 Jeagtonafisioa patied ag@€quence
that codes for a protease cl eavage site spaced between the am no

aci d seguence at ' rfner and.t.he m no acid
sequen?e t hat g%des& %@ﬁgéggﬁéﬁé#§g@ﬂ?ﬁggéPﬁggﬁgF%%@FHH§?WPcIe 25
bi ndi ng  domai n, a ppadypspidecbatpringiisesatdessodngpelypgaidt aad bibdingdongain
domain, or a parti - Qra [ i 0 .35 .(5) _.an am no acid
sequence t hat codeéﬁéﬁ?&gt%%@ggggﬁﬁgﬁﬁIE@%%W%H?%¥%5%%d bet ween t he
am no aci d sequence that codes for a fusion partner and the am no
aci d sequerether #aect ebde sresent inyeiohyeieies torvetias@mpsisipg by expresgian t i cl e
bi ndi ng depRkdet B NeGlif, COMPri sing a polymer particle binding
domain, 5 or a particle tormng protein; or (6) any conbination of
two or._ nore thereqgf. |In one enbodi ment the polynmer particle binding
domai % s IoRsgmhedimeshihe peressign senshyet igeahish efmpy poibgrRsetosy nt hase.
I n one enbodi nent the pol yner synthase is a PHA pol ynmer synthase from
Ral st oni a Anbfheeasbécdphiic plRS@YHRERIAATCIALLO U ROREH cHRHLHRIR BATRWhI da,

Pseudoi nonas_ aer ugi nosa, j@gro nas punctata or Thi ocapsa pfennigii.
In one enﬁgﬁpwgﬁTgYWgnéﬁﬂ? gﬁgﬁwconstruct conprises a constitutive
or regul at abl e

The following embodiments may relate to any of the above aspects.

In one embodiment a fusion polypeptide may comprise at least one polypeptide and a

15 binding domain that binds the fusion partner of the fusion polypeptide or the additional
fusion polypeptide. Such fusion polypeptides aflow the polypeptide to be separated with
the polymer particles from host cells.

In one embodiment the polymer core comprises a polymer selected from poly-beta-amino
acids, polylactates, polythioesters and polyesters. Most preferably the polymer comprises
20 polyhydroxyalkanoate (PHA), preferably poly(3-hydroxybutyrate) (PHB).

In one embodiment the polymer particle comprises a polymer core encapsulated by a

phospholipid monolayer.

In one embodiment the particle forming protein is bound to the polymer core or to the

phospholipid monolayer or is bound to both.



pronoter system |n one enbodi nent the regul atabl e pronoter systemis
an inducible or repressible 15 pronoter system In one enbodi nent
the regul atabl e pronoter systemis selected fromlLacl, Trp, phage y
and phage RNA pol ynerase. |In one enbqgdi ment the pronDter is any
strong pronoter known to those skilléd in the art. Suitable strong
pronoters conprise adenOV|raI r onot as_.the a A maj or
D0 Tt e phromseEPot BRI B BETSE g ap Lo ophdfEeTREAR Al

cyt onegal Q}%WBHﬁjeﬁg}%}eﬁlﬁgﬁgter the respiratory syncytial virus (RSV)
pr onot er; e’siman virus 40 (SVvV40) pronoter; inducible pronoters,

such as the MMT  pr.onot e.netal |l gt.hi on t hock
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anti body fohagre) nﬁfferaia 1E§r11ﬁﬁt§zlsbﬁmlmeisuhsjmp¢clmtylﬁud wbumbg@spc’Bmagrre nt,

; ngl( ib C%%{)% body fr algg{%‘ ?rLtBsa §res|:66111 inven Lh g%dd%scﬂ%g@ﬂ%{aﬂ iffRehm B. H.

A., Biochem J., (2003), 376(1):15-33, which is herein incorporated by reference. For

example, the polymer synthase may comptrise a PHA polymer synthase from C. necator,

P. aeruginosa, A, vinosum, B. megaterium, F. marismortui, P. aureofaciens, or P. putida,

which have Accession No.s AY836680, AE004091, AB205104, AF109909, YP137339,
20 AB049413 and AF150670, respectively.

In one embodiment ihe particle forming protein is a phasin. Most preferably the phasin is
selected from the group comprising a phasin from R. eutropha and P. oleovorans,

preferably the phasin phaP from R. eutropha and the phasin phaF from P. oleovorans.

Tn one embodiment the particle forming protein can be used for the in vitro production of
25 polymer particles by polymerising or facilitating the polymerisation of the substrates (R)-
Hydroxyacyl-CoA or other CoA thioester or derivatives thereof.



fragnent, an anti body binding domain (a ZZ donmain for exanple), an
antigen, an 15 antigenic determ nant, an epitope, a hapten, an
i nmunogen, an i munogen fragnent, biotin, a biotin derivative, an
avidin, a streptavidin, a substrate, gp enzyne, an abzyne, a
co-factor, a receptor, a receptor fragnent, a receptor subunit, a
receptor subunit. fragngnt a_ligand, ,an i.nhibitor, a hornone, a
lectin, a %‘cﬂ"ﬁﬁ?g?*ﬂ%ﬁgﬁe SHbSIALS S s U RS XU RRTISSsiahlgrsh g ormi n, a
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rai sed agai nst. MOG in sanples of antisera, for exanple. In one
embodi ment “tRE*Tar get conponent is an anti-Melin Oigodendrocyte 25
A ycoprotein (MOG anti body or fragnments thereof. 37 1In one
enmbodi mentntoheehbotiither tidomeleic acid ceplescealnt andes fadyfuden folypgpaist t her eof
that wll 009{' ngsa target conponent related to Type 1 and Type 2
i mmune resporIi)ses‘, apoptosis, and/or angi ogenesis. In one enbodi nent
the coupling domain is selected fromthe group conprising 5
ol i gopept i des, (Bnzyapeleiabciq seggenanthahadeciat afuston payueo taitigsous Hithshe
group particularly f rises FLAG epitopes or at |east
one cysteine to whi ?:’ﬁgr?hgﬁ‘ggé‘?ﬁ@ggg’f“‘sﬁsﬁ '6r'es ggggrlles Ci’rr?cﬁohﬁ?é coupling
domai nldray al so be githasmedolaieepariulobinding domaih, 2t hecipebypisingrar ti cl es
by chem cally nodifyi t t l.east one bindi.ng domain .| ocated on
the surface with 10{’%1%‘8%[@3%%13?"&{15‘% opnaliy or Spathlc Sormamebroleip B | Apel
a detectable |abel such as a coloured dye, a fluorescent nolecule
such as a fl uor@phot rucdsic sdidisresshe Brecodes fondfisios papeindecilyfesedr nor e
nmetal ions that is 21 0ns ' ' i.t hin
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expr esls5 ed in a cel l%ﬁ{ﬁ@%ﬁ%ﬁ%@%@%ﬁgﬁf %E[FECIé PO%H% pro'%em mug% 2
polynucleotide linker or spacer sequence of a desired length, or

is

(3}  anucleic acid sequence that codes for a fusion partner that is inserted into
the nucleic acid sequence that codes for a polymer synthase, a polymer
particle binding domain, a protein comprising a polymer particle binding

20 domain, or a particle forming protein through a polynucleotide linker or

spacer sequence of a desired length

(4} anucleic acid sequence that codes for a protease cleavage site spaced
between the nucleic acid sequence that codes for a fusion partner and the
nucleic acid sequence that codes for a polymer synthase, a polymer

25 particle binding domain, a protein comprising a polymer particle binding

domain, or a particle forming protein; or



In one enbodi nent the difficult fol der polypeptide is selected by
conducting a literature search to identify a polypeptide that has
previously been determned to forminclusion bodies when expressed
in a cellular expression system 20 I g, one enbodi ment the difficult
fol der polypeptide is selected by expressing a candi date polypeptide
in a host cell %hat can nhot, forn1p%%%ner artiﬁles_and exam ni_ng the
cel | microscopPtal ByUtigic adt esaneie thiheqdsetor 8 selheplicing elemepispacsd g

pol ypeptide forms i nehdsd @B nuddelh@s seqliéRE BaPRIYs hPErRRE blutlef afdhen N
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35% 40% 45% 50% 55% 6085168 %P709lef9%iBDRPBEIPD0% 95% 99% or 100% of
the surface area of the polyner particles are covered by

surface-bound pret elaicontinaBbEoBQL kiFR 8070 of the particles in the
conposition have a dianmeter of between 5 about 10 rimto about 200

urn. Preferably: 80 % of the,.particles in the conposition have a
di aret er ogg%w@écﬁ)rjﬁg&ﬁat?eﬁ ORRTIn RBFBEPUIS EPRHSEY 2) 60 % of t he
particles in the conposition have a dianeter of between about 10 nm
to about 100-ri() 1@nABInod&dYequbndehient padet for ladisidnpatthe costignoss Wwiktothe

have a di aneter of t ween_abqut run to .about 80.n 4) 40 % of
Che parti oles 1 n t har Sl GurnrShe RPe g eSaararios i Bl ith 8" 10
nmto Hbout 60 nn Emthad aYolyhet peatiglabinting €6main, 4 fictcimabmedsibg ©n have
a dianeter of between about. 15 10nntoabout 5Qnm.or.(6) 5 % of the
particles in the COR@&H%R%ﬂ¢$EW%ﬂ%H%?%%éT%PmBQEBﬁFwéﬁﬁmﬁ%dﬂt 10 nm
to about 35 nm In one enbodi nent the process further conprises:

{2)  anamino acid sequence that codes for a fusion partner indirectly fused

with the N- or C- terminal of the amino acid sequence that codes for a
polymer synthase, a polymer particle binding domain, a protein
15 comprising a polymer particle binding domain, or a particle forming

protein through a peptide linker or spacer sequence of a desired length, or

(3)  anamino acid sequence sequence that codes for a fusion partner that is
inserted into the amino acid sequence that codes for a polymer synthase, a
polymer particle binding domain, a protein comprising a polymer particle
20 binding domain, or a particle forming protein through a peptide linker or

spacer sequence of a desired length, or

(4 an amino acid sequence that codes for a protease cleavage site spaced
between the amino acid sequence that codes for a fusion partner and the
amino acid sequence that codes for a polymer synthase, a polymer particle

25 binding domain, a protein comprising a polymer particle binding domain,

or a particle forming protein; or



A) adding to the cell culture or solution at | east one substance that
binds to or is 20 incorporated into the polynmer particles, or B)
contacting the polyner particles with adding at | east one substance
that binds to or is incorporated intg the polynmer particles, or C) a
conmbi nation thereof. 39 1In one enbodinent the polymer particles
conprise at | east one substance bound to or incorporated into the
pol ymer particl(®. |# ¥pao é%é‘?ﬂifl?f?ﬁfha{??éleﬁob%é‘%fssﬁlﬁmgﬁ]éme@(ﬁﬁ%‘ﬁgses: A)

bi ndi ng a coupling p&aa8Mhe 4inb AGA 54BéRE 1HRBEIdBE or RRAMNRGLIPER e S
I n anot her enbodi nent the process further conprises: A) bhindin

a
coupl i ng reagent t oamie agidseaance Al FRSes B ABPIGCLYIRERP: wyma)lﬂagi%i ng
at |east one substapgg,f Qohig, LR0EHIcBEpSH lym ﬂ};aﬂf&?clb?:{aﬂ{g%ﬁﬁm, the

substance that binds to or Is incorporated into the polymer
particld®es conpri ses®ragicly fogningprolgE®T an anti geni ¢ deternminant, an
epi tope, or an inmunogen of fragnment thereof, or (2) an antibody or

anti body fragmest, Sy cofdinafiéh &b BPEYrelhdpgirng donai n. Anot her aspect
of the invention relates to a diagnostic reagent conprising of

pol yrner 5 particles qof the inventjon, and diagngstic I'gltﬁ L

Porar | 5i g Sl kg poines it Qr O AE- it i PRy B bl EEes ar e
i mobi i sefbmh of apelsler ffigha6@nPri sing an ELISA plate, mcroarray
slide or a chromatography matri x. In one enbodi nent the substance is

a coloured or fluatescent | ecul.e, .a i 0L soto 0 or_nore
ret al 1 ondBhe iR B paRerE peuRiesS B BIiRG SPEinetErmaliutter set s
of 20 1ol yaxmbp/paPidudbBmnad ylebhapRiudddiorBsSptiia Bsehdstoh@rluginosa,
anot her enbodi nent the sulhstance conprises netal ions to allow the
particl e tBEIIERELIY QFUREAREYIEEm or di sti ngui shed from ot her
sets of polyner particles by MR or X-Ray.

In one embodiment the expression construct comprises a constitutive or regulatable

promoter system.

In one embodiment the regulatable promoter system is an inducible or repressible

15 promoter system.

In one embodiment the regulatable promoter system is selected from Lacl, Trp, phage vy

and phage RNA polymerase.

In one embodiment the promoter is any strong promoter known to those skilled in the art.
Suitable strong promoters comprise adenoviral promoters, such as the adenoviral major

20 ' late promoter; or heterologous promoters, such as the cytomegalovirus (CMV) promoter;
the respiratory syncytial virus (RSV) promoter; the simian virus 40 (SV40) promoter;
inducible promoters, such as the MMT promoter, the metallothionein promoter; heat
shock promoters; the albumin promoter; the ApoAl promoter; human globin promoters;,
viral thymidine kinase promoters, such as the Herpes Simplex thymidine kinase

25  promoter; retroviral LTRs; the b-actin promoter; human growth hormone promoters;
phage promoters such as the T7, SP6 and T3 RNA polymerase promoters and the
cauliflower mosaic 358 (CaMV 358) promoter.



40 In one enbodi nent the substance that binds to or is incorporated
into the polynmer particles is selected fromthe list conprising a
protein or protein fragnent, a peptide, a polypeptide, an anti body
or antibody fragnent, an antibody bin %ng dormai n, an antigen, an
antigeni c determ nant, an epitope, an” i mmunogen or fragment thereof,
a net al ior, as &Et al _1on-coated nolecule, biotin, avidin,

strept avi diP8FIBermeEdhemenetRLr adi! R POIHRSBIesmotery co-fact or, a
substrate, an enzyne, a co-factor, a receptor, receptor subunit or
fragment Inhee embodimedtitiganomotanis a phintitdr Oevingthe BRQsRe 6Reoeien SBY ID

ol i gosacchgbi, %ﬁ a polysaccharide, a glycoprotein, a lipid, a cell
or fragnent "thereof, a cell extract, a virus, a hornone, a serum
protein, a mlk protein, a nmacronol ecule, a drug of abuse, or any
conbi nat i oim coé embyditend thel@ll osmprivee tvichemeed differeniarpreesidio@dhstridts thdae
substange that bind 0 of .is_i.ncorporated into the pol yner

parti C|§e:S ?ars&ﬁ%ncgﬂei?ﬁ%ﬁg’lﬁgt%%f”?]\)/@y%e@ﬁl tted fromthe group conprising
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15 di met hi Slﬁ%tg?:‘%gg Syg(‘)l%{cgcrn g@seﬁ%qrﬁﬁ%ﬁgwﬁ ensféér?gﬂ?ipf’sw%w{@g% ONer s
conprisin di met hi cone/ vi nyl di nethi cone crosspolymers, oil-soluble
skin care ¢ gwkodipap thedhsiep pavingr is edflasbid drotethp bsteompivimd motein, a

phyt ost er : e ' - [ .vitamn ,.B
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f | avonbl dsproigimtiagmients froamtibodyy gn angidndysiragaent, arceitbodyi eeviagheit, sy t opi cal
anest heti ; j i ] ran . Qr,.any ,c ination of
any two o?ﬁﬁ%@gliﬁ%@{rhg%f £ 9{}%@ Sl?lgglg%rﬁn{%gfyi’ fgrgiﬁg e{éﬁ%m& u télfogﬁéae%afg " bi nds
to or is isxewpipberdekdntibondoirigmeenpeh Foentibodafrsdnent an Fs amtitote &ndunait, agent
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| i pases, diasments esantibedit hindispdomair G ZZedtnetafoe sxampid) dasatgen, an

phenol pxi 4 e 3 |k gni nases ul I ul anases, tannases,
pent osg(l agglgg&%+egeg§§%%f 5}?%’ é?elfl é a%é}%“é%? T et 5%"%5?‘”&?%%@38 (2)
an anti - r édepros biviin deragtve, asetidiof edrepindiding habgfrats) pn erepk] i adgyme, a

co-factor, a receptor, a receptor fragment, a receptor subunit, a receptor subunit fragment,

a ligand, an inhibitor, a hormone, a lectin, a polyhistidine, a coupling domain, a DNA
binding domain, a FLAG epitope, a cysteine residue, a library peptide, a reporter peptide,

20 anaffinity purification peptide, or any combination of any two or more thereof.

In one embodiment the binding domain encodes Myelin Oligodendrocyte Glycoprotein
(MOG) or fragments thereof. A binding domain encoding MOG allows the detection of

antibodies raised against MOG in samples of antisera, for example.

In one embodiment the target component is an anti-Myelin Oligodendrocyte

25  Glycoprotein (MOG) antibody or fragments thereof.



met hyl cel | ul ose, carboxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, 41
pol yacryl ate pol yners, copolyners of maleic anhydride and acrylic
acid, copolyners of maleic anhydride and et hyl ene, copol yners of
mal ei ¢ anhydri de and net hyl vi nyl eth§f, copol ynmers of naleic
anhydride and nethacrylic acid, or 5(3) any conbination of two or
nore thereof. In one enbodinent the fusion partner, is an enzyne ,

sel ected fIPOR® @Iﬁ@dpm@?ﬂt?geﬁﬁmgﬁown eogqdes iy ?5Yp<§rf@ﬁm8%t§%e§?°%¥ha* will

pr ot eases, bifd ¥ ERRMNFIRSH 1R BIGPe 1 hidPBFR S imfkkhé RBS@S0s, aPBRLikNases,
reduct ases, oxi dases,

phenol oxi FdEs MgRERy§Bnases, | i gni nases, pul | ul anases, tannases,

pent osanases, mal anases, O0-gl ucanases, arabi nosi dases, racenases,
hydr ol asesy oh@edlBlivHER BRRIGARy ABOLMIPIRERS frofli tRXNYBNaSEFising
nonoxgenases, |yases, synthetases, epinerases, ?g roE%Iasgﬁg

t r ansf et as¥igePeptidsfs ey dxymagandonraialytc piofeinss This grone paytieyarty
reference L orALLRBRGHRE FINGRSISpd of &1Q8EHhe BRidhd o (Hh (RXFeFRiEsf 1 10
10) alsoincorporates reference to all rational nunbers w thin that
range (forin@geshgspéindl 1.1, 2, 3, 3.9, 4, 5 6, 6.5 7, 8 9 and 10)
and al so any range of rational nunbers within that 15 range (for

exanpl e, 2THeQofipling dombid nfay2lsdbd oBiathed St F%)iuc&md of ta@oBtRf particiéd by
sub-ranges _of ,all ranges expressly disclosed herein are hereb

J y
express| y drvielswgdilymne aipast gin Rndngdopadacalic Qpas sSYesEEt T cal Iy
intendgy anfpiidredpemsl bl e conbi nations of nunerical val ues between
the | owest val ue and the highest val ue enunerated are to be
considered to b xpressly. st d in is . applicati.on in.a simlar
nmanner . 2%@%@?@%{1@6% %@H@ﬁ%g@??l}]%a cg@g@e&d e’@frhlioﬁeéce%lr esent
i nvent i on mbktulbeckaes Appaiterd orffluoficlirbie faahdioibtog:; ofl@rai ipid metalwhi ch
i's given by .0f exanple only and,with ference to the .
acconpanyi WBSV\‘%gtdW‘W&é to i%ﬁ?ﬁ@edfn@%wgmamé@ﬁ&i’féﬁ SRRIEPNRE Rt an in
vivo produced polymer particle and the 25 proteins and |ipids which

ar e associ toad embddimér ehepegdmbidast pdFpgptide i9a difiitont felderarobppptaleof
synt hesi s of pol yhydroxyal | canoate polynmer in R eutropha.
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bodies when expressed in a cellular expression system.

In one embodiment the difficult folder polypeptide is selected by conducting a literature
search to identify a polypeptide that has previously been determined to form inclusion

bodies when expressed in a cellular expression system.

20  In one embodiment the difficult folder polypeptide is selected by expressing a candidate
polypeptide in a host cell that can not form polymer particles and examining the cell
microscopically to determine whether or not the expressed polypeptide forms inclusion

bhodies.

Preferably the particle forming protein remains associated with the particle it forms to
25  assist the correct folding of the difficult folder polypeptide on the surface of the polymer
particle.



42 three-stage process starting fromthe substrate acetyl-CoA The
C4 repeat unit in PHB is (3-hydroxybutyric acid. The final step in
the synthesis results in the fornmation of a polyner particle with a
particle binding protein bound to thesgurface thereof. Figure 3 shows
the plasm d pBHR68-phaP-1L-2 which encodes a PHA operan for 5

production_of a pol.yhydroxyhut te ¢ - hydr o ut yr at e) nd a
f usi on po%ﬁ&ﬁ?@%”}/‘?ﬁm? %?By{gﬁ@%/&ﬁ%ﬁ%(gﬁ%é&énﬁ%@%ﬂ zﬁgﬁﬂ)r@ 4

B oduct i on o & pal A hr oxybutyr ot e ot (oot xSt ey o and.
production of a pol yhydroxybutyrate core (3-hydraoxybutyrate), and a
f usi on pol‘ifﬁléepiurfg Aredchie FOUST PHECIETALS PHYCIsH OB sutrgebexsd prefeits-gur e 5
shows a schematic view of the expression constructs of the plasmds
shown in IEiﬁgeléxﬁbzﬁiiIﬁﬂd 0B R pérticks iﬂthﬁét?ﬁ@ﬁiﬁi@@gm%mﬁzﬁndﬁh&@;’fbétﬁreeln
pronot er; P, asin e; LL2, .interleukin gene; nyelin
ol i godéﬁdr%@@@%&?é@ﬁ?’%ﬁ@% E’r'?%‘?ﬁﬁhl}‘fg gene; phaC, PHA synthase
encodi ng gene; phaA, gene encodi ng (3-kethot hi ol ase; phaB, gene
encodi ng acet odbtet yBo Godk thegaitiviea ethe tdmpdstiion da ssHanaertdi @etpleasibodt
pCVE (Peters, V. ang RehrTL B gA. 2005, FEM5 M crobiol. Left. 248,
93-100) whi ch encod®S PHe2 N N hase from Cupriavi dus necat or .
Figure 7 shows the plasmd pBHR80 (Q Q, Steinbuchel A, Rehm B. H A
2000, Appl. M@r obbdra ofBregiagichn o the BeinpBitiod Bve axhiarodteret bedesn about
pol yhydr oxyal kanoat r.e ium. 20 chain length 3-hydroxy fatty
acids). Figure 8 shg(\}/vsﬁ'%tt%%éog% géltn?’on of antigen-specific antibodies
using antigen displaying PHA granules. In FIG 8A MOG phaP granul es
wer e i Hcubat ed (Wi t h43¥rqtahe maitlolss inths carfipgsition dave agtiarederrod bétmeen fhove
MOG (MOG) or OVA (W@mitmg{ mce. Ganules were extensively
washed and then incubated wt iI‘otinylated anti-nmouse 1gG followed
by 25 PE-conjugated streptavidin and FACS-based detection. The data
was depicted i fa 4o ofae pedigles inisp FORPosiPd havppdiametyret between about
representative expefdpBRd ahodf 60Aim;! €ast two experinments performed, is
depicted. In Figure 813, the mean channel fluorescent for each
dilution of antgsera grom MOG or ,OVA i nmunj zed m ¢ce binding to

MOG- phaP was (5) 25 % ot'the particles in the composition have a diameter of between about

15 10 nm to about 50 nm; or

(6) 5 % ofthe particles in the composition have a diameter of between about

10 nm to about 35 nm.
In one embodiment the process further comprises:

A) adding to the cell culture or solution at least one substance that binds to or is

20 incorporated into the polymer particles, or

B) contacting the polymer particles with adding at least one substance that binds to or

is incorporated into the polymer particles, or

)] a combination thereof.



43 neasured and depicted. In Figure 8C, ELISA was perfornmed on
anti-sera from MOG and OVA-i muni zed mce. Serial dilutions of the
anti-sera were added to MOG or OVA-coated wells and incubated for
30 minutes. Biotinylated anti-nouse |gé was then added to the washed
well's, followed by HRP-conjugated streptavidin and TMB substrate. 5
The optica [ read at 450nm and. the results from ope

repr esent aitnl Ogg @]%gé%lg%?éerﬁo?ﬂ%efr%%qla%é?ﬁp PO 1 JaF F'ﬁh@%‘f‘ elﬁ?é‘?ﬁ?r%d,
are shown. inteypéinigd irdo B€polgakapasiioke. di spl ayed as nean SEM from
triplicate sanples. Figure 9 shows MOG phaP (colum A) and I L-2-phaP
(col um B)7,fUsi J .syurface of polyner particles
can be detIélc?'ltﬂggﬁggﬁﬁé%%o%é%gﬁfgr%gﬁ%ﬁggges specific 10 for
conformational epitopes and FACS. (i) particles incubated with

di rectly |4bel dindingd copplirg ipagprtde g fisidnmartidribjndpwrdoiveines i ncubat ed
with anti-MOG + biotinylated anti-nouse 1gG +

strept avi dnRnBRMGadbYiRh the plobdst hurB@ bipli&s; | ncubated with anti- MG +
directly |abeled anti-nouse 1gG allophycocyanin. The filled

hi stogramsAsho .the fluarescence %1;3 the MOG-  or |L-2 polynmer

particl es TheulbidiRg AGoHN e ersge the fustongartags bindipedomaisgnd 15
respectively, as a negative control. The enpty histograns show t he
fl uorescerige ofvitdihng at MaXBon®subbthnc? t@ibk yo@lingRagdne! €s i ncubated with
anti-MOG mAbs or anti-IL-2, respectively. Figure 10 shows ELI SA

[ [ Li.-d aG antibodi es.f the detecti
of 190 bound s B baR i R A e e A PR Rty

r ecombi narpertick@ c@mprise$:i  har bori ng various plasmids. Plasmds
contained either the lac pronoter or the T7 phage pronoter for gene

expresgi on. Thepyf ol L,Qwig, ViBILSk P t ?i t ed
producti on of EI—)|A granulfégrsi’: ﬁ%l&@mﬁldg{e%%wg&yt hgrg%?qu-g g,egfg
dommi n- PHA synt has&agmest hareef, bhout si gnal peptide; A(+), ZZ

domai n- PHA synt hase fusion plus signal peptide. Goat polyclonal

anti - human | gGhor sg £@BbBorREEIRY) HaSRef QPRI Ugates were 25 used for
detection of bound human ﬁ}e Equjz;l amounts of PHA granul e protein

(0.37 pg) correspondin 2.6 pol yhydr oxybutyrate were added to
each wel | . I\/bagﬁr er@}ﬁ@go‘ikg?@l%%&?&ed in quadrupl ets and the nean
val ue and the standard deviation are indicated.

Another aspect of the invention relates to a diagnostic reagent comprising of polymer

15 particles of the invention, and diagnostic kits comprising such reagents.

In one embodiment the polymer particles are immaobilised on a substrate comprising an

ELISA plate, microarray slide or a chromatography matrix.

In one embodiment the substance is a coloured or fluorescent molecule, a radioisotope, or
one or more metal ions to allow the particles to be distinguished from other sets of

20 polymer particles by the mean intensity of the label.

In another embodiment the substance comprises metal ions to allow the particle to be

separated by magnetism or distinguished from other sets of polymer particles by MRI or
X-Ray. '



44 Figure 11 shows SDS-PAGE anal ysis of proteins bound in vitro
either to ZZ domai n- PHA synthase fusion granules or protein A
sepharose and rel eased after elution. M nol ecul ar wei ght standard;
1, Human serum 2, proteins eluted fr protein A sepharose beads;
3, proteins eluted fromw | dtype PHA granules; 4, proteins eluted
fromZZ 5 domai n- PHA synt hase fusion granules dlsplaylng the 7z
dorai n wi thoue embagiragnt theetfetanewthat hivds e is Beopergied inte Sepplymseavy and
| i ght chai [WeTNT fusi on
pol'ypept | domiehn 1 fifeed BERIE K Cnkorir oY b ek e 4T he
| L- 2 f r om pobypeptoleymmentipaiytor emté)sduﬁagmgmé At entdloinbisding Tpwaihi aptapigeans
show |L-2- X t L-2
DS i rect Ty e et HEE B ot PG e Dnfilli &
ent er oki nasﬁalaéﬂ—euate(dm)olﬂmlwbm’sn, agidin) steephapidin oralmiva(uws t)lm&(&" dropiribitor,
Figure 13 sho t he ,vect or pBAD- P- A
sol ubl e doaf%)’“fﬁ&% as bﬂ%%[e agcg%y ehs %%r"eaégceij §?CI }E"]tto g%ﬁﬁ%‘l %rna ent
| nmrunol ogytheﬁraﬁpﬂhgan?ycﬂn 1nﬂﬂtor,l‘hnorﬁ),sacp}pmde hﬁ&ﬁgcisﬁﬁﬁ)ndmas peslyiaedmn@da
usi ng Xhol ,to the C.t a haP- AChR
ol ypept | ool ot ool & B erirl S ShBRb AL TNbI® FOPR e
st ruct ur e, prbtaip, s@xﬂlabfo&ndariﬂcrbnﬁﬂechlermdmg dhabass) opaiyebmbinRéesitoy twoMVpl )
(Bi ol harn1 | . .(2004) 27(2): 219-221) was subeloned to the
Gl
C—tern} us™™ @o create PhaP- Mol fusion pol ypeptides. Figure 15
shows the tenperature stability of ZZ-PHA granul es assessed by ELI SA
A ZZ- Pl—annaembceiﬁndﬁ ﬂ',@l sal;sitamge Bzt helveo or; is {neyrponatell diity e pRlAregr anul es.
the. ot anddPii i orare s o sadol bk LR kS s 1 Vi g
t he antibqﬂwumaphuﬂemﬂssaﬁnmmm@ggam$ﬂnﬂﬁmgghgmmowmda$EMﬂQNMmhﬂd|es
conj ugated to ul es anu . di Ia ing L - PhaC
el on pol VISP AN Apntie B SRS ey B ep s sRRe R Al
( pBBR1{5OB6- dﬂnaﬁhﬂ:pi&aﬁpdl}'olammkslﬁm}aﬂ&rwmﬂbmphlﬂ?ng alaﬂ‘tmgemo&aprﬁk@ (B)
O e B S o B BB Y R P
quant i f i edcoibaolubdd Bpee 4drdoly) ﬁiymdiemm, nei-sont uétives) bata{ﬂaydmag atrnisngtatrrhe

absor bance,at a wavel en
eB3 compoun W%s ret?nogits an%omdomtsfréclhcal scgvengers chelators, flavonoids, anti-

inflammatory agents, anti-cellulite agents, topical anesthetics, antiperspirants and

20  fragrances, or any combination of any two or more thereof.

In one embodiment the substance that binds to or is incorporated into the polymer

particles is a cleaning agent comprising:

(1)  anenzyme selected from the list comprising cellulases, peroxidases,
proteases, glucoamylases, amylases, lipases, cutinases, pectinases,
25 reductases, oxidases, phenoloxidases, lipoxygenases, ligninases,
pullulanases, tannases, pentosanases, malanases, $-glucanases, and

arabinosidases, or

(2) an anti-redeposition agent selected from the group comprising

methylcellulose, carboxymethyleellulose, hydroxyethyleellulose,



Figure 17 shows the 1gG binding performnce of polyner particles

di spl aying ZZ donai n- PHA synt hase fusi on pol ypeptides w thout signal
pepti de by FACS-based detection. PHA granul es displaying ZZ

donmi n- PhaC fusi on pol ypepti des were, ysolated fromcells containing
pCVE- ZZ( - ) phaC and pMCS69 (A), pBHR69-ZZ(-)phaC (B), and 5

pET14b-ZZ(-)phaC (O . The isol ated | ymer [t ¢ Le |4 ted
with | abel ed mus@olyﬁﬁ%teﬁ&ﬁ’msoﬁ%{‘)’?y&#ﬁ ﬁdl%?eelésh@ﬁ?]?%e\é%fl g%&{;cg&%l
?hy)coeryt hri /n at t%%ﬂEyﬂérE bEnest anpafdenidaiiylansopélypers0f gitlele | gG PE;
ii), 1.0 gg/nm IgGPE , and (iji), 10 g/nL .1gG PE.. Figure .18 shows
the' 1 oG bi ndi g pernbidkdnget ribgbiyrssaper st il At 87" 0
domai n- PHA synt hasendihziy®e apial orpept i des (A) conpared with that of
commercially available Protein A BioMag beads (B), using | abel ed

nmouse | .g&b nonocl onal antjbodi es conjugated to phycoerythrin.
Fi gure’19 shows)t h@nYQ@n@Pﬁmnﬁgtvb%W%ﬁﬂ’%?gﬁof pol yner particles

di spl aying ZZ domai n-PHA synthase fusion pol ypeptides as a function
of pol ynein siezgabofidnghafusion partdh isdinsplymy salgctgd frawrthd list PTRITISiNgs| on

pol ypeptid were isqglated from.cells, containi - =) phaC and
DVCEB5 ( APSTBFREE OSSR Bipiv ey SRS s sd e ey PT

[ E ol at ed @@&maﬁs\ﬁaﬁkﬁbaj <ﬁﬁdaisét, fisnolaxidase B)iptrademresaligninages, pilintaneses,
about 150 nm ereas the pol r. particles |. C ge
Si7e of aBBHCLOB TSt ABT I PP d B e e s DR

| abel g@d MauBRrdBEREs, pEpRchanalicaRtibetinemxganpasgatses syhet@es,
phycoerythrin a conceniqr ation_of 1% %/ma I GPEﬁthani ﬁure 20 shows the
size di st EPHFEISEh RO RASSHEPISHIES JPBecy ?%%?“e@i‘ Ag-the | gG binding
domain ZZ fromprotein A derived from pET14b-ZZ(-) phaC. Figure 21
shows a sahigimérded threrefendncd toe rangerod binaberpdisdesed hovpindfor sxaminie b to 10)

di splaying, PHA granules, thejr use | I, Dgh [ s SRESIef1.G.1
ant | bodi calP OBy P B D 35 N Aoy e car qarple L9.1,
ant i bodi e, 3DETA| §,BD6 DESCRY Bl 10N aEFal oHEY kadgENTIaddhal hembarewishin that
inventjon relates to, pgl r i cl.es r . 1
parti cidl arrajigﬁz%m ﬁ%@%?t‘%lﬁeﬁ%i%%aﬂ%gﬁat?gy f%dg’?% ﬁ%:f ?’ona ng{d}esp%flayner
particl es,rafe®665&SS dstlopiddgient iroherelrytexgfssly disclosed. These are only

examples of what is specifically intended and all possible combinations of numerical

values between the lowest value and the highest value enumerated are to be considered to

be expressly stated in this application in a similar manner.
20 DESCRIPTION OF THE DRAWINGS

Further aspects of the present invention will become apparent from the following
description which is given by way of example only and with reference to the

accompanying drawings.

Figure 1 shows a schematic overview of an ix vivo produced polymer particle and the

25  proteins and lipids which are associated with the particle.

Figure 2 shows an example of synthesis of polyhydroxyalkanoate polymer in

R. eutropha. Polyhydroxyalkanoate polyhydroxybutyric acid (PHB) is produced in a



uses thereof. Functionalised polynmer particles may conprise one or
nore surface-bound fusion polypeptides, one or nore substances

i ncor porated or adsorbed into the polynmer particle core, one or nore
subst ances bound to surface bound fust?on pol ypeptides, or a

conbi nation thereof. 5 1. Definitions The terns "to alter expression

of ' and " ahfeesiage mypseaatianion theaubnlhyndaleCdA. dEhedl4 repal yEpPIEs are
ti Qn_wher otide i,s

i ntended to encoppass t si.fua a pol ynugl ‘
modi fi ed ﬁ'%(i]§°’ﬂyg‘§?j’i%“$§h§|ﬁinglr%ea lﬁ%ﬁé‘ggﬁsw&&*t &té%ﬁ%%%}tf’rié’éﬁi de or
pol ypept i dlynids Pirfitie alithQpaicletbiing3Rbtia beteiob tigauras thgedrhr ough
genetic transformati on or other nethods known in the art 10 for

i nduci ng mutatjons. The "alt ression' can be related.to an

i ncrease tlgm%léélf‘oé’%?sqée %ﬁgl#gﬁ%ﬁ&%ﬁ%ﬁ’ﬁ—%ﬁ@ﬁlggpes 25 RRFFOF

pol ypept i deoduetshisractoRmegdroebusifocors @sildtoxlybutgate; hedla Asioh polyyepditle a

pol ypeptide dye tg alteratjons_in the sequence of a polynucl eotide
and pol ypé‘ﬁ?’ipﬂﬂn%&‘ﬁé’h??@ﬂl? aii’ﬁlé‘ﬁtléﬁm "codi ng region" or "open reading
frame" (ORF) refers to the sense strand of a 15 genom ¢ DNA sequence
or a cDNA Egge¢seesyvstthaplaindd pRHRO3-phafMOIGoehich ergodesaiPiirseperqntfbion

product and/pr..a pol id nder t ontral appropriate ..
Feoul at or el BB AL Byl st B el P P RBRR 0 b e
presence abmprifihg the aphsdiwpaPandi#3d. codon and a 3' translation stop
codon. Wen inserted into a genetic construct, a "coding sequence" is

Capa_bl o OfFi%:é ggho%pars%ﬁ&%%ﬁmﬁbf itl%e,,e&%re?#o rq%ggté{lcis ioflgﬁglatslgidg LRARLa" and
t er m nat or sequences. e term conpl ex’ as used hereinrefers to
a pol yner Hiant B ehdFigaept iAsiimgglarepebonisehe lac promotampral, thesis gerenB.2f usi on
pol ypepti de,_conprd sin am.no Ld encadi i t one
particle BPtﬁlﬁ?ungn d erlrlﬁiq%16 SR %%8‘?‘1361 d%%?tg%@%gdgtﬁ@éeg%oﬁgl%eﬁ% P § | east
one bi ndiFHA siouimkaiencodieg ging; g, deneehonding Grkeihnthicdaskging, dege a t ar get
conponent. 25.The term" prising” as used in this specification
means "con‘:’%’f’%dt“f%aé’etg?cegé'acg’?‘q?chw%iert of'. When interpreting statenments
in this specification which include that term the features,

pref aced Bigurbashavesrthe plasnadpGWat Reterse¥it and RehmpB &AL W0hdEMBsent but

other f eathﬁ{c?o%io(i.qﬁtt%&? 93-?&)) Wh?oi%ﬂ&odesa'&le PHA synthase from Cupriavidus

necator.

Figure 7 shows the plasmid pBHR80 (Qi Q., Steinbichel A., Rehm B.H.A. 2000, Appl.
Microbiol. Biotechnol. 54: 37-43), which encodes a polyhydroxyalkanoate core (medium
20  chain length 3-hydroxy fatty acids).

Figure 8 shows the detection of antigen-specific antibodies using antigen displaying PHA
granules, In FIG 8A, MOG-phaP granules were incubated with serial dilutions of pooled
antisera from five MOG (MOG) or OVA (OVA) immunized mice, Granules were
extensively washed and then incubated with biotinylated anti-mouse IgG, followed by

25  PE-conjugated streptavidin and FACS-based detection. The data was depicted ina
"normalized" fashion (% of Max). One representative experiment, of at least two
experiments performed, is depicted. In Figure 8B, the mean channel fluorescent for each

dilution of antisera from MOG or OV A immmunized mice binding to MOG-phaP was



The term "coupling reagent” as used herein refers to an inorganic or
organi c conpound that is suitable for binding at | east one substance
or a further coupling reagent that is suitable for binding a
coupling reagent on one side and at |gast one substance on the other
side. 5 As used herein, the term"difficult folder polypeptide"
refers to g, eakayrﬁp&eg%gt Retione 88 Eﬁlﬁuﬁrxﬁﬁ%z‘égm&%ﬁ SHBLAARE frfm MDA

cel | ul ar expression For i inso regations nown - as

i ncl usi on alndd]‘«éﬁs—imlpnmzmlmuby S@ﬂialdﬂﬁtmn@leﬁth@antbma Wablasldeﬁ@ eds-foul | or
partial | L de ly..f e e

or ot ei n. %ﬁg}\t 8?trgrfgwxl?nsol neipat ate ?dm%gﬁ]%&‘ ﬁgh@?a% d h 1—n?ouge figlg} \@,ﬂme\ﬁ
used her eiaddedib &mmhqbaéjlsyfolldx@ed'lﬁydm}épmju@tep ls‘eeq:ﬂ;avmchn muHEMBuulns'trate

refers to epeti,c construct the necess el enent s
that per m oAb ETEE HE: e An0E pidlft YRR a R R B anat
optionall wxperimam@lfaﬁlha&gt%hméﬁm&qumﬁmﬂrﬁms}ammolnymgpé Bﬁ,e:la’{a/hne

expr essi on,.construct [lse inab to 3 direction:
(1) a prorfléstpgﬁy?é?W??Pl%ﬁ%fg?lﬂ%’fpilggﬁﬁaé’?p Pell into which the construct
will be 15 transfornmed, (2) the polynucleotide to be expressed, and
(3) ater rﬁig;ae BshdwerOGQJhaP (doinmtrive) dmdiL-ZqﬁﬂaP (ciohinm Bihfusibn pdigpeptdest r uct

R L AL A Tt
or mayilbe fnrqummamimtbpntnpas abdhBAG8ST) pgﬁmbmcumm wigr disctlyf lnbaiedoanti-
Pol ymer p " t,i an f. pol.yner ti.cl.es'. .as,.used
ot ai 1 e vBos B, iy bR Peud gl Mk BRGMRESD ey it ARG
;j ihs cus Is ed Ig?gvmeptﬁmfiﬁarpagfmfg&%m tm?paﬁtﬁﬂgsﬁmnbﬁdfwﬁh agti-sidus ¢ gu?:ﬂget ﬁf

e polyp e a [ unct i IS r.e or
eneynat | & et o Snanty Th Sl b enmatthe iRt S
st rSCL ur e thé mf opm-y@emieﬂmmﬁ& inclbgted @fiintiefatSHIOR op ahtl PENE md®s,, as
use eln re rs to o) rsin t r nor e
bolypolt | dBeetiieButamatiyh ULk St Rt s P Sy RS cfthes by
a pepti de MOGRkalE2 pelytherpititles inkgbasedowit infiud0s pAabyaeptiite, It shoul d

be understood that the two or
respectively.

Figure 10 shows ELISA using various PHA granules and anti-IgG antibodies for the
detection of IgG bound to PHA granules. PHA granules were isolated from recombinant

20 E. coli harboring various plasmids. Plasmids contained either the lac promoter or the T7
phage promoter for gene expression. The following versions of the PHA synthase
mediated production of PHA granules: WT, wildtype PHA synthase; A(-), ZZ domain-
PHA synthase fusion without signal peptide; A(+), ZZ domain-PHA synthase fusion plus
signal peptide. Goat polyclonal anti-human IgG-horse radish peroxidase conjugates were

25  used for detection of bound human IgG. Equal amounts of PHA granule protein (0.37 pg)
corresponding to 2.6 pg polyhydroxybutyrate were added to each well. Measurements
were conducted in quadruplets and the mean value and the standard deviation are

indicated.



nore pol ypeptides can either be directly fused or indirectly fused

t hrough their respective 5 am no and carboxyl terimni through a

| i nker or spacer or an additional polypeptide. A fusion polypeptide
according to the invention nay conpri4ge an am no aci d sequence
encoding a particle binding domain and an am no acid sequence

encodi ng J . 7 BRaigdn NO
aci d sequg %ﬁﬁopgﬁﬂ§3§55?%%£% ?%%g%?kaBmﬁee%gﬁ?ﬁgyggg%Iy 10 fused
t hrough aPHiArdyethassrfusipegramlesonprotem A ceriietose ulqelerredaltes Flubag- dMf usi on

pol ypept i de Iecr.aﬂr { @Qgﬁ%tan@atr& he I‘B.P’lolr? EEé’lSH], P ottélﬁsj é?ut@d ﬁ‘(ﬂh Bﬁ)tem A sepharose

domai n- | i AKer nbodi nents the
am no aC| Gbeade;cﬁ,lpmm ebftedﬁmn mﬁé’tyngBAIgW@bﬁﬂ%@r%V elbéequﬂl?@ct |y

fused onpy i an add gp in the
or der ggﬁgwoﬁs%,g %35 ﬁué‘mé}%nfdr?gg %ngg"ﬂ L?E Inaglg%l’ta% usi on

part ner Qequpme! TA%1 aad BB dhidivgtes! thethbayvy laindRght ch&mﬁs fffllgﬁimﬁpectwely
partner-addltlonal pol ypeptide. A fusion polypeptide according to the

| nvent on iR £ 38, CATPLA 02 AL RER onlRl SRR R BECUANLS Snd

i nserted ence ol ypeptide. For exanple, a
polypept|d&w&gquﬁmeﬁfé@mhﬂhspdymﬁn@éﬁb@uﬁéaﬁﬁﬂpbnﬁﬁ Teafidnzanniitvhe

I nserted g}rjr;z r}.&p %,@gf;%ﬁgp P/mgj,g;#a%]c}égflab@leﬁ G Sl Q%Bﬁilﬁalﬁoﬁﬁéa fcle

bi ndi ng d I'SSton partner” as used herein refers
to a polypapobérinuchegosal tpentwknpseaften(fd kwius, (D ddrenend GDRE hakg
domai n, a target-binding domain, a binding protein, a binding

protein fr P?]gqg@ﬁ sho@B h%tagag]ﬂgﬁ%n Pa i iaedly s&dcaﬂmsomm ddphinkedy

heavy chai ant | chain, a single chain antibody, a

si ngl e- dorhainan m@tyﬂdhohhyrqcapfm-égnwo@ﬁon@blw@)?$Y &0fDp Valni3. Bds PPr agment |
an o ant 128l ds) ARl A hafil 2808 LDRUY-LhBR bharto SRafEAI-hEHR

anti body fragne antrbody fragnent, a single-chain Fv (scFv)
ant i body fhsiegmiypeptidesr ant i body bi ndi ng domain (a ZZ domain for
exanple), an antigen, an antigenic determ nant, an epitope, a

hapt enys ans; W&Q@che%ctbwm@% f riﬁlgﬁ%%mturd)ﬂfétsblﬂble aoﬁatﬁbfmlman

derivative, an avid a st I’Sst avl dl n, st rat e, .an

abzyne, a TYEWM@@W Re%?P‘fGé@é gpiol. Ehalﬂ@c%}é@ (5?0%) %H%%HP-%D%Eept or
subuni t, asuF&cﬁu%@Ec%e %%Qb{{ihﬁs JePRES 'H’eate%aP-!Mﬂl ingaRholybptided)i bi tor, a

hor none, ectin, a polyhistidine, a coupl |ng domain, a DNA b|nd|ng

domai n, a FLAG epitope, a cystei re brar

reporter rféﬁ%r? H%s%ows tphe tempemture stagl?ity of%zdlyﬁ}\ granu es assesgedqby%ugg. A2 X
ZZ-PHA granules displaying ZZ domain; m, wildtype PHA granules. Measurements were

20  conducted in triplicates and the mean value and the standard deviation are indicated.

Pigure 16 shows ELISA applying the antibody capture assay using anti-B-galactosidase
antibodies conjugated to HRP and PHA granules. PHA granules displaying LacZ-PhaC
fusion polypeptides (A) were isolated from P. aeruginosa AphaCl-Z-C2 (pBBR1IOS-
lacZphaCl) and from wildtype P. aeruginosa PAO1 (B). After binding anti-f-

25  galactosidase antibody conjugates to PHA granules attached to the microtiter plate, bound
antibodies were quantified by using o-phenylenediamine solution and measuring the

absorbance at a wavelength of 405 nm.



an affinity purification peptide, or any conbination of any two or
nore thereof. It should be understood that two or nore pol ypepti des

| i sted above can formthe fission 5 partner. Reference to a "binding
domai n" is intended to nmean one hal f 46f a conpl enentary binding pair
and may include binding pairs fromthe |ist above. For exanple,

ant i body-g; g&tellg@)g?wsq&% ]g@%ﬂd%%%&ﬂ@bfﬂﬂﬁ&l gm%ﬁdmmaymg zZZ

biotin-str tavi recep tor-l and enzyne- i nhi bit'or pa|rs A

t ar get - bi mmm@rmnmasaﬁrsnonmoweﬁldewgw FFEIPBéE@H’UéE brhFACSdhasde, and

10 b t g
ol ypept | SARERR PR Benfles AL LOAARPRLG LBk pSRRRIIE wle oot
anti body Gomarts d@@@yllffgm@@%ﬁﬂ")mcanﬁphﬂéﬁsﬁ%(@om@-izwﬁhac f@e@}ﬁt or
or si gnal %ﬂ% A Jﬁﬂnag ((d‘gofhquﬁ%% }gaéyrﬁé%%gn S wife 11?&&%%@%&?&13%1@@ may

be bound a mai n 1 nc eln rotern fragnent
a pept i depousefgGpapockasl aatihmdieypapugwtd 6 pla;gngmﬂmn aﬁh@ntdlffwmy an 15

Fragnont , SHRERARD s A A TRk BT B B AR R Aha R, @Rt | 07

i mmunogenkPE.an |nnunogen fragment, a netal |on a netal i on- coat ed
nol ecul e, biotin, a biotin derivative, avidin, streptavidin an

i nhi bi £ 0F e q sa T I@C?bzﬁﬂ}ggﬁ&ﬁhﬁancgﬂfw&%aﬁﬁﬁs AREURe 7

receptor, recep a recept uni t a rec%ptor

subuni® f dcazgmﬁHA !afnﬂhasg &mt;n miypepiilss 6"@) domgan@l with thﬁé@%@lmeﬂz@hfago ni st,
a receptog,.agnha %'Eﬂn?%umc?h/l neéhl%ﬁég @é{\% \ﬂ@‘ﬂbg us §§i‘29 %hﬁé@ﬂl protein, a

signal i ng pro elrn gr om ctor
fragnment, araibbdlam@mmggmdtorphﬁ'mt}rﬂmn a t ranscrl pti on factor fragment,
an inhibitor, a nonosaccharide, an oligosaccharide, a

pol ysacchﬁrghl%q shoWH mg%@'lﬁﬁcﬁ%&eﬁﬁm& de &1@;&' phrticRs egblhylﬁgztace

protein, acel P surface |1 pi ace carboh

cel | - sur f eeaiPhidoyynibessifisionspobyeptides ay %@PCHO@: of pelymer Sézaw/ iPHfszrasdes 25
proteia, ﬁs@%}éﬁgﬂg dorains é@hﬁfoﬁ?@kﬁeptﬁeﬁérg 1staféH? céﬂs @@ﬁaﬁﬁlﬁ?l ecul e,

a drug of a cou Ing re I Sti

phar naceupC‘é@-ZXf( -wbaC e Pé@(é?@ (Ad Hﬁl‘ﬁi@gﬁﬁépha@ %tam@ QETW(-)PBE‘Q abel ,
a coupl i ng:gl gﬁg?sgfated%oﬂg lé%fif?g#\ ﬁi‘haﬁéﬁ L63 eQfle 0P BRfuf 1otinm,a

nucl ei c or any ' c t| on not e t hereof . Exanpl es
of DNA bi nwheme thopdime paWQle&me{CThai aremlrag@qlmf abous 189 Bnadke pEPmerS|ch

subst anc eﬁ%rg)ragsb&ere GROER R R Suse tdhoB n¥dTRbA bidodleS cAHA%E BF

accordi ng
20  phycoerythrin a concentration of 10 pg/m{ IgG-PE.

Figure 20 shows the size distribution of polymer particles displaying the IgG binding
domain ZZ from protein A derived from pET14b-Z7Z(-) phaC.

- Figure 21 shows a schematic view of the microbial production of antigen displaying PHA
granules, their use in binding antigen-specific antibodies followed by detection using

25  labeled secondary antibodies.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to polymer particles and uses thereof. In particular the

present invention relates to functionalised polymer particles, processes of production and



met hod of the invention. Any reference herein to an anti body or

anti body fragnent is also intended to enconpass a | abeled anti body
or anti body fragnent, for exanple a colorinmetric enzyne-|abeled 5
anti body or antibody fragnent, a dye-k@bel ed anti body or anti body
fragnent, a fluorescently-I|abeled anti body or antibody fragment or a
guantum d The term " genetic
construct"” QIseé @%r%éie;% gﬁakhgﬁg%ﬁég{%% ngﬁ?ﬂ% rﬁ s l?gs’%?almgfe sitfale-bEtind
doubl e- st r@ﬁd@wlywesmnewhmmﬁumames ineepdreted dinddeorbdd iatakdy@iymer

be. Tbut. naret F iR R G ndb ABaaS bl B ol R ol Beseh Sy

contain th@mbmaEsrsmmy:oiél enents that permt transcribing the insert
pol ynucl eoti de nol ecule, and, optionally, translating the transcri pt
into a pep? %ﬁ“‘ Jhe insert polynucleotide nolecule may be
derive fromt ceII or may be derived froma different cell
or organi smand/or may be a reconbi nant pol ynucl eotide. Once 15

i nsi de t helhgdams sl qlter expreguiereel; endttiened exnressigy” dfeqohmutlnotislgiont ed i n

t he host Cﬂ&[ﬂ)@ﬂﬁﬂ”&ﬁé int o-EH&\m%e&e:Eé ﬁtugﬁ)%x e?e% 5{% ?ﬁtu&e 19%8&%1’1&&) a

vector. The ‘term "host rs to a eri
cel |, yeashusdedding ’Eaabﬁr@drnhprﬁét’rwn ofaamodymgelgqudeoepdlymtm Mmﬂiﬁ(mhomeﬂthe

such as a Wgétﬁ@ ﬁlﬁg%g ﬂﬁﬁglh gEIth"i’lg Haﬁsf%n%?g% or hel m%ﬁ’ltohg l%owlﬁ%he art

particle I ng t ce carry
expr esi orfotlﬁmnﬁmmfamﬁﬂs‘faﬁgei@xm@s&be’i @nde rdat@mmmmseeo’rdom ng at

| east a t ha

gencs ar e acar i o S HERARE: RO Bk B r S Sirer
particl e frefuidm plésredmictivitod agelypemidn tuoto attbretigs hethe sequedce wpa of  t he

host cel |l provided in the cul ture medi um
The ternspgp%g}%ﬁtﬁ ang%?fpt@ e(r?%ﬂjfgdagnent or "ZZ domai n"as used
herein, refer to a 25 portion of the Protein A nmolecule that is able
to bind | e temciedingiseiout omspen erdingliomes (ORE) ref@todhd yeoseatoll 2
domai nshavkefignit SEQ
D Mo 1T S DRI ERUGEE B SNA i R R odhihog R chrifon

ani no aci dedpct WORQBOIEJPEPB@}IMEI theoeontip! ¢tappropBiRBEUEBTdTREnREsWThh ot

the | eadercomggaqga)ce lsﬁ&enu}'@@b} &k ?}e;één@g!)f’a% Qi85 oS RY sherein

refers to insoluble a grega
translation stop codon. When mserted into a genetic construct, a “coding sequence” is

capable of being expressed when it is operably linked to promoter and terminator

20 sequences.

The term “complex” as used herein refers to a polymer particle comprising a polymer
core and at least one fusion polypeptide comprising an amino acid sequence encoding at
least one particle binding domain and an amino acid sequence encoding at least one

binding domain, wherein the binding domain is bound to a target component,

25  The term “comprising” as used in this specification means “consisting at least in part of”.
When interpreting statements in this specification which include that term, the features,
prefaced by that term in each statement, all need to be present but other features can also

be present.



reconbi nantly expressed pol ypeptides that conprise primarily of

unfol ded or partially- folded full or partial |ength polypeptides
rather than correctly folded, native protein. The terns "inclusion
bodi es” and "insol ubl e aggregates" ar47 used herein interchangeably. 5
The term "l abel” as used herein refers to a nolecule that by its
presence afHeamm ‘%oﬁﬁﬁ?ké&é&t” ésqls&ﬁleqiéuﬂéféwtélaﬁh&ﬁ afn{c%%fgug Bfnﬁmdt hat
does not contain th Preferably the abe% i nc

subst ance Bt susirtle s bindwaet leass anq yhstare ar Qj@éth‘?féﬁuﬁme meagent et &t e.  For
exanmpl e,  suEN fof b

particles to be g!l) g?ﬁ%gﬁ?ﬁgéﬁ%%esnggébﬂees%\f%}é@ﬁttel?égg?n%tﬁ%s%nﬁ‘%ﬁ %:é\?% ray
the desiré#eevent or state. Preferabl y the label is a coloured or 10
fluorescent nolecule or a radioi sotope. Alternatively the | abel

conpri $es /ANgedkersTR)Be teffEt‘tﬁfﬁch@Rﬁdé%o@bépﬁﬂé’{rgﬁlsggﬁbblg% tiﬁQFﬁQ en
net | sm or .di stingui shéd from ot her pol ymer

separated b Wﬁ?

particles 5%} regpralingatly in gpellujag perespiny systenpformsineublangameetions nay
be bound ihewRs ﬁaﬁﬁ&b%&é MRSIRAT

particle. An exse;npl e of lﬁ%?%agﬂ(i)rbor atié%gﬁ??)&qayﬁvfgkr?e?ﬁﬁ\/%%%%?%%%ﬂ
(Ber nd ReRR)Peiftidestrathsr thamcareptly fldedawtiyraraipiad Thy terres dnsohibis aghreguetber
of 11 uor esenholdbelfyahe sl SR ANAMRLRE, a1, comprising but not
limted to fluorescein I sothiocyanate whi ch fl uoresces at
about SBOH&T}] hycoer thrin (PE) (575nm), texas red (620 nm,
phycoePyt HAP P e PaEesion consgyet” Iifys o gengsisyerseyetihat inohwdey the neseanm) |
propi di umeleﬁﬂhtd%aﬁgéﬁmt(t@ﬁ@nﬁﬁk iheﬂﬂééﬁ%%fyﬁﬁﬂéduﬁe &%%%IQ%BSIVOS’%@}' (675

Cy- Chrone) ‘g% peri di nin_chl orophyl | protein

rim, peri'd fﬁgg}ﬂt@ﬂlﬁﬁmmto Fprobineplife. MPW@IWDWGWWIW’EOEPH@SM
nm and) jn abliephyieREyani n- cyani ne dye (APC-Cy7) (767 nm), for
exanple. The term"library peptide", as used herein, refers to an

i ndi vi dual n@gr of a gelp%‘i}nde jbrary | i brary peptide preferably
conprises any pol yfopPPaet sncipppl i %tqeﬂémtﬁ&i%thq%ﬂﬁwt‘ﬁm&eel ns
(e.g. 15peptides enapsedrHyi, cDNA or cDNA fragnents (either in-frame,
25 out-of-frane, sense or antisense orientation), random peptides, or
bi ased pepti de c r|S| m am nq acids). A peptide library is
a collection o dlg ?1%@“8%?‘3‘/%3%5?8@?53‘%5 r’gefi ned above or a fragment
of interest fromone of these entities. Fragnents of interest may

i nclude functi@hal ademdnate farctieml imthebost Eairiniexetrig the cdnatit pipbd de i s
encoded by a nucl ei %n?fﬁﬂn%dm)l ecul e which is expressed in the course
of displ aying the

Expression constructs of the invention may be inserted into a replicable vector for cloning

20 or for expression, or may be incorporated into the host genome,

The terms “form a polymer particle” and “formation of polymer particles”, as used

herein, refer to the activity of a particle forming protein as discussed above.

A “fragment” of a polypeptide is a subsequence of the polypeptide that performs a
function that is required for the enzymatic or binding activity and/or provides three

25  dimensional structure of the polypeptide.



peptide library. A mxture of nucleic acid nol ecul es encoding a
peptide library is often referred to in the art as an expression
library. The terns "peptide library" and "expression |ibrary" nmay be
used i nterchangeably herein dependi ng4@on the context. Techni ques for
preparing peptide libraries for expression according to a method of

t he i nvent d

used herei El%?e at sg’OntCB @lréﬁ%%‘l na(g)’%Isa{:'gt:lM 1%?%%&?](0 ‘Jbéi;éﬁ ({see{:%lgﬁ%zgcﬁaotr
indirectl wﬁms:elyp@pﬂdesduwﬁﬁhmugbn’ewﬁpﬁam apfl cwm{ybresmeséawmb’miec aci d

sequences. Heo M {0l IRRuBBLIRGRAL 465 i iREARLG ShelbRkET O

65, 70, 7 5:11013@p1yﬁ®t1d@0:an Gﬁlen) be élkmtly fLﬂsé)ﬂorandlmﬂy fiGedabroagh their respecnve
nucl eotdi des .in lenqgth., . .ln. nent the nk r. or
conpri sée 2aL g °€~ﬁ"’6¥% "EHY “m' uoﬂlglt&) 88 WiF Pl Srﬁ’aceF |°‘E %" fiio ?'}(B’PEI’ B?I’%de

enbodi nent the |inker or spacer may conprise a protease cl eavage
recogni t i oh felreqoubperids aclordisg teriieinciiioamey canrsertn aninp afid stquencka
recognitio e f Cl. uch as.,an, i ntein.

I n anot heré}m?fﬁ%'a l%'i%%%le }flﬁ‘ﬁm? rﬁien? a%&rjgl samélgogarc“ll‘%q?élg? ih aLP%%t Iiaar%"%loenr)eendent
f ol di ng offusihepdringi. on pol ypept i des. The term"m xed popul ation", as
used herein, refers to a population of entities, each entity vm'thin

the popul afn'oﬁ@ eﬂﬁc{__dﬁtﬁéﬂt g ab%§&%seﬁ§eﬁ9&3&tﬂe w&w&gﬁ%e% bteXnd{\fggtw n

the population or exa used inre

popul atd orfussd tbmmk@slmk@mr spons theuatisy acidbeguenedsenf said Gisinpolynérdide on of
expressi o r fers in
Fespoct ofRE HE SR Ok AP EHRLAR By ity ME brfinle T

used in r@harcmbhodmems the nnmmcwweatqsoﬁthofusﬁmomemeyw@bumﬂesqﬂﬁ hi s
o ot O st BBl o 450 PRUNRSRL 5515 TE SRy LR "
dorrai n t HBntbn@fﬂcmlamaddatonelqamfpﬁﬂf;b-fammm oarticlechindiig dninamghni@rrai n
or pafrugib P Flg d'lﬂt al rog; it or the at |east one fusion partner
it con ai ns, %%ﬂ % @ﬁ Pp ?gpl en used in reference to a m xed
popul ati on of pol particles, this refers to a population of

pol yrer pa&ﬁswn@@mméa@amnmﬁ@ﬁrmwﬂbmmmﬂeo etinfriise and ax mass pect of
the fusi

"nucleic ;ﬂbbga% %‘%Q%E%EE%%%BE%% e@ggaﬁg&gg '(s)lfi%% teh Ptﬁﬁg% ng?QFa aﬁded
pol ymer ofa palinsrijdeistavancs] sselt 4sdeprotedsh m%lwaewnmasb@mdwbm a

anal ogues ‘%Raﬂ@;e%{oﬁlof Qﬂfblt&%dn%ﬁmg% article binding domain.

20 The term “fusion partner” as used herein refers to a polypeptide such as a protein, a
protein fragment, a binding domain, a target-binding domain, a binding protein, a binding
protein fragment, an antibody, an antibody fragment, an antibody heavy chain, an
antibody light chain, a single chain antibody, a single-domain antibody (a VHH for
example), a Fab antibody fragment, an Fc antibody fragment, an Fv antibody fragment, a

25  F(ab’)2 antibody fragment, a Fab’ antibody fragment, a single-chain Fv (scFv) antibody
fragment, an antibody binding domain (2 ZZ domain for example), an antigen, an
antigenic determinant, an epitope, a hapten, an immunogen, an immunogen fragment,
biotin, a biotin derivative, an avidin, a streptavidin, a substrate, an enzyme, an abzyme, a

co-factor, a receptor, a receptor fragment, a receptor subunit, a receptor subunit fragment,



53 mixtures thereof. The termincludes reference to a specified
sequence as well as to a sequence conplinentary thereto, unless
otherwi se indicated. The terns "nucleic acid" and "polynucl eotide"
are used herein interchangeably. "OpdfPably-Iinked" means that the
sequenced to be expressed is placed under the control 5 of

regul atory hgilﬁnmhﬁlb&&aé hdlﬁh%héJ d @echh, QPRlyBIsSdink, aSBUS BB Hhi] £DNA
regulatorg | enent s, npor al regulator el enment's, enhancers,

r epr essor Sinding dompimi "h%[tfb@ §PitopR.et QYEIRiAE ”eé\ﬂé‘i’haébbb"r"%éﬁﬁléﬁ'ﬂ reRQEIRkRCRI ISy
refers tog4 Q@ ?xg}fﬁﬁﬁd?lrbeﬁlfldeao&%) %orﬁﬁiﬁﬂib‘ﬁtof by #@vold@ Blore B&LHS, t hat

exceeds Iev productlon In hormal or non-transforned host cells.
The term _"overexpressi on" when used i to | evel ,
messenger [RRgIHberrserinpg thahiyos pege Ay Pépﬁl‘g?? 3,;&@ fboyg prndaan ﬁ’ﬁ %éﬁ‘oni east
about 3-f@glg.hi gher than that typically observed in a host cell in a

control or non-transformed cell. Mrre preferably the |evel of
expression is at |eas

about 15- GRS Kife) md*&sggﬁglt?olsflwﬁf&ﬁd ﬁfog‘ﬁ%?lrm g@ﬁ?ﬁa% %lr g* ??} SEZ?

about  30- bpliphghhB BRI mapiaeMbe lﬁﬁchﬁg){::ﬂrs o listabowt FéPehambld, Aitigbdsr
about 45-fold h| her, about  50-fo0

d. hjgher, about 55-fold h her
about 60- FEIgANEPRéy-anfpdybindinesismain, bj‘gﬂ’ﬂ EfFF@FaVlcgrbﬁ??Fpt‘?’OlllﬁaBﬁl higher ,
about 75- Eﬁhﬁitohbegﬁema@bﬂsiﬁmﬁ%d&mlﬂwhl ahes targeaﬁem&ulsﬁra‘ gah@lehar@hﬁy
about 90-fold higher bout 9

fol d hi gher éﬁp %§¥ éoo fold gher
or abé@e bg ﬁ%ﬁl’"@@f eraniiRpdy e gmensofor ‘ﬁ‘aﬁlp% §t pyPepiiderbipdipg dopain vl
non- t r ans e 1%Eptlde, 48 YRtk De G altiBddy &ra%nmmgﬁaemw Andifydoatain

nunber of techni'ques known to those skjlled in the art including,
but not |ﬁm9e@cqp83rmb$1w8mm€rt% fapeeyeles. 20 The term "particle

bi ndi ng donaln" as used herein refers to a pol ypeptide sequence that
forms or 1l=:§@f5‘suﬁst£1@é§&hﬁ oG Pa Bbeddly alliar[ﬁﬂlg‘t@niaﬁl ﬁ:ﬂedmrym acore or

to the phosp lipid nmenbh ane surr undi n or bot h.
The part i FEBIRENTE 2 RIB %FPQXE‘FFEJ %frg%% élpélﬁti é’g Y#Pom a
partigke Qhﬁ@d?ﬁa@in&ﬁramaﬂﬂ&odﬁf 'bﬁﬂﬁigrd[bm@iﬁl & anfiBas hinarMiged Rfmheniyan ase
protein or a Gterm nal artlcle bi ndi ng fragnent, of a Sﬁ%thase or

a repress6@“%@B¥@Fﬁnmﬁﬁéﬁﬁwg§mo? bty FEHRHEE e AT EOST rlse

a pol ymer npal {drCh fretabioR@bited A6WRILE bidhal AsietRdpRtivepividiapabyandiase, a
polymer re ulator, a pol yner synthase aqp a particle
si ze- det eru%:plﬁ’fqrrdi cﬁl’fé‘ft%rr ﬁsubggate ah enzyme, an abzyme, a receptor, a receptor fragment,

a receptor subunit, a receptor subunit fragment, a ligand, a receptor ligand, a receptor

20  agonist, a receptor antagonist, a signalling molecule, a signalling protein, a signalling
protein fragment, a growth factor, a growth factor fragment, a transeription factor, a
transcription factor fragment, an inhibitor, a monosaccharide, an oligosaccharide, a
polysaccharide, a glycoprotein, a lipid, a cell, a cell-surface protein, a cell-surface lipid, a
cell-surface carbohydrate, a cell-surface glycoprotein, a cell extract, a virus, a virus coat

25  protein, a hormone, a serum protein, a milk protein, a macromolecule, a drug of abuse, a
coupling reagent, a polyhistidine, a pharmaceutically active agent, a biologically active
agent, a label, a coupling reagent, a library peptide, an expression construct, a nucleic

acid or any combination of any two or more thereof.

Examples of DNA binding domains include Tral and methyl transferase.



The C-term nal fragnent of the surface protein phasin (PhaP) fromR
eutropha (amno acid residues from>Alal4l) is hydrophilic and may
be replaced by fusion partners wthout preventing binding of the
phasin via the polynmer particle bindisg donain (i.e. the N-termnal
fragnent) to the surface of the polynmer particles. This.binding is
based on S5y diRR nfay bR EGS, 3] n

et al, FEBS Lette?%p%f% & vga%hl?Bﬁen@S %éédg{p%%%ﬁé% %%Fér%%
N-t er mi nal™§thosfakainy@iieiF) of the PhaF phasin from P. putida can
provide a polyner particle binding domain to attach fusion partners
to the paut @fe&n@é‘lﬁd‘réﬁ?ﬁ) AnMRi bR ofant®bd %_m%ﬂ |

2004 Jun; Qb;f Siml Zrl ¥ B }aﬁ ter m na rg%%ﬁéum 94Fﬁ—|A
synt hase é? eélaﬁmlogﬁioﬁ@“tléé‘ﬂl’cf@gmeﬁf@ %@@mﬁl%a qcéomngm: snaymeilztisled and may
be del &t edn@body@PhRHBEY BY, n{thSha?e ﬁ@él&&'ﬁ{ﬁ%o odrb]?%g&éﬁ{a}' ng the
enzynme or reventi n cova ent attachnent sé Via the
pol yner Teé‘feéﬂy"lrﬁ pled mibednariantifady @Fag!!lﬁé OCsl qwmimdut-lstbebg aetitio)ly bo
t he pol yn@ﬁmgdag,@rag[{gﬁ pol ymer particle binding domain of the

synt hase conprises at |east the catalytic domain of the synthase

protein that nedjates pol ymerisation of the polymer core and
f or mat i on ‘6 ¥ Re BHSHS AEETAd’ iers tp @ pelynuciptidomplse . mgeally ditio stesdet!

resi due f DB 336N mSf havB Sk ERE ﬁlahbﬁlé}gao%hédé@iﬁ? gfé%@&legiﬂ? Rge of R

eut ropha bIPJndS the enzyne to the core es
( Saeguda, PRIynusleatide molgtule)ugheas; it notigmited tchE)\hﬂa@@@ule gengws 100) .

The N-ter gbiuacte@ BRaRGhdnet &Sird Ul%mfeﬁ@g} @e‘ﬁﬂ)t ﬁ%[gsc;lﬂﬁ%ﬁfé%S%ﬁSI on

products, enbedded in 20 or assoclate of the
genes phaPo%‘&leﬁﬁﬁmkW Pﬁ‘é@ﬁ@ﬁ@ﬁﬁﬂaﬂ@ﬁfmﬁ\ﬁhﬁrmcrmmwrdymbd@el ns to

o, 0 STt i BB By ol
forning pHele qqfferegge{ggyé@gm@quor ey e ¢ rttcomqumfeloly&uqﬁmndb vOdee n t he
f or matjs on;jfafde tiehoR@t i il ﬁﬁetilctcoﬁ@rﬁct nﬁa‘}f be %ﬁé‘ﬂ grat la?n ﬁa% lhgsﬁt grrfoéo%‘;rglt he

group of proteins 25 wh conprises-a yiver a
pol ymer rgam a"ff%?rgenﬁlcp?ws}?ﬁﬁ@ﬂnﬁé’yqﬁﬂmwoan’dct@r part i cI e
size-determning protein. Preferably the particle formng protein is

sel ect ed Tho@m that G0 iFers VA AHAL A atft]hﬁlc@@s!easﬁcerﬂegg 28, an' seot
pol ynmer sgﬁgt hase and a phasin. A particle tein suc

synt hase frayPTAPRIMLes! lt57‘=}’éh PervEnYign éiﬂSt&e}b@iPthhep la)rat nagirel A

pol ymeris pz{iﬁcléfaﬁidﬁcﬁﬁé Rsodll 1) HBbd KAl bGirdlan B SURRL A ub Rk BhIL S
pol ym% parti.c

nucleic aczd sequences endocing at least a thiolase and a reductase and optionally a

phasin. Which genes are required to augment what the host cell lacks for polymer
particle formation will be dependent on the genetic makeup of the host cell and which

substrates are provided in the culture medium.

The terms “IgG-binding Protein A fragment”, or “ZZ domain”as used herein, refer to a

25 portion of the Protein A molecule that is able to bind IgG, including but not limited to the
132 amino acid ZZ domain having the sequence set forth in amino acids 48 to 179 of
SEQ ID NO:11 (the pBHR80-ZZ domain including the leader peptide) or amino acids 2
to 133 of SEQ ID NO:12 (the pBHR80-ZZ domain without the leader peptide).



55 Alternatively, a particle formng protein such as a thiolase, a
reductase or a phasin may facilitate the formati on of a polyner
particle by facilitating polynerisation. For exanple, a thiolase or
reduct ase may catal yse production of suitable substrates for a

pol ynmerase. A phasin may control the size of the polyner particle

fornmed. Pr . : o i ' ' [ises a
particle bﬁ"‘??‘ﬁgi%%‘?r%@n%g{ﬁ% %ug%ﬁegeg lle&e?%ro %gﬁiél%%fo% r%é%g‘)& b used

her ei n, t hecashimantlp axpressédepolypeptidegthremopiisnprimactl yoBinfsléddern partiallat

| east a po [ ynthase .suhstrate | he hos l.l, or. expression
const ruct BBl EAIARE R HOT RIS isborathR g Gy e i pRESR AR
synt hase aedns ‘trehsidadbdiag”end finkdleblhaptegees] aroused kpemdsiewRangedbdit. r uct
conprises another particle formng protein or a particle binding

Eiomai n 5f hatyd tém{"‘q%be?’ as h0aRRleY, Ferst) Q%B?&EleQ%tt %g}/tg L& eglgerrﬁ{or\]vs a'%artio e
particle size-determning protern” fefers to pPofel h that “control s
the size of bedstinguidbgdiom paetticketes dodsthonmytafrothe Bke npleferbidy thedibek d

fromthe fam f i.n-like prot.eins referably selected fr.om
the t hose FAuls afBOAR Do Gy BHOLALARR of PASHEL Ao SR erGHpabES
nmor e pr ef edaiifigationef leddeshredjeret phafe” bilom fRaiddsanbadiginenpdicdbassddnt he
15 phasin e_phaF fram Pseudononas ol egvorans.,..Phasi.ns. are

anphi phi | i‘gl%ﬁ R PG e %lsﬁgé%e%ﬁ%e@ sy %683(‘% Fﬁ’f&%ﬁbl{ﬂ’eﬁ%beg’é HePRURACE
bi nd t 1ghtiyordscent tmelechyle pophadibisotopelr Aleeetiofly thedabep dryprses @@rok inelees. |t
may al so conpr.is hejr host. cell protejns that bind.particles and
"Y1 tence RaRiET AoVEloe BRRGe e seBidht bhdedistim dp iR phed o ot
pu][i ficatismts'of pdﬁyfgalf ;fai’ti?bilds)bgmﬂgi driXCR Eirhemtlhﬁl}eﬁeda ﬁlSiﬁn ﬁﬁtlﬂﬁ@dﬁ@ﬂj’eei n,
refers to a ti i,C inds to own |igand, .This peptide
facilitat ebsoug‘g{éﬁ)élagﬁo\fg%ﬂ “g? OF 18?%%“5‘2?"{*{’}8 I""é’giy BARTEHE host cel | in

whi ch they were produced and collection of particles eluted froma
chr omat ograptspmpietafidyxe mboreoradarie gvemiy, WOR00402867H @emdBeanpvdichincl ude

an avigin .2 Dl ot | nding fra nt .thereof . .a streptavidin,or a
b1 ot nt> i iR B Plralla Ry Rerditer S SREr RSB G 1oeRis  ARE E o ng
fragment taecaairising biZnd Simitedrin fivofesteireisathijobmhate dRITED iwhinh Eluol@sces at
pol yhi sti dj | ul.ose.bi pdin onai "polyner regul ator" as
Cscd hor ei o aptmd S RareR Blnieh eier ele B e ttdish o
the genes (6hauan), plivpByanganih@®d) 11660 me)) piopididne iddtle fRT) (650 naf), t he
POLATe" PR hpint Sy BT LAt 870 bl FRn ! o fog 5 1ot O Y
20 (perCP) (675 nm), peridinin chlorophyll protein- cyanine dye (perCP-Cy5.5) (694 nm)

and ), allophycocyanin-cyanine dye (APC-Cy7) (767 nm), for example.

The texm “library peptide”, as used herein, refers to an individual member of a peptide
library, A library peptide preferably comprises any polypeptide of any length including
intact proteins (e.g., peptides encoded by cDNA or cDNA fragments (either in-frame,

25  out-of-frame, sense or antisense orientation), random peptides, or biased peptides
comprising random amino acids). A peptide library is a collection of distinct polypeptides
as defined above or a fragment of interest from one of these entities. Fragments of
interest may include functional domains or epitopes, for example. Each peptide is

encoded by a nucleic acid molecule which is expressed in the course of displaying the



exanpl e of such a regulator is the phasin repressor (phaR) fromR
eutropha, which binds 56 to the pronoter of a phasin-like gene, the
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have Accession No.s AY836680, AE004091, A8205104 AF109909 YP137339,
ABO19413 an gne'AéFJb%&l 0L Qt’thé ﬁlﬁ@?g c%“ﬁay Iﬁgh?pﬁs@ra%s BbY BERE dRognifich Used
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aggr eglé f%o‘l%q[%espl yﬁl};\de thgldtl OrPlE agslgrgIE Zi;pné{r?degr other multimer, a
fusi on pol ypeptide, a polypeptide variant, or derivative thereof 25

The term "Tie tanot‘eixed pep@aton?.@s need heveln 5695 trcpoplatipregfisnilicsy oI ement s
upstream %Lnt%p%thmctﬂg#%glaﬁ&g iRk Bkohe %ﬁ&% ﬁoﬂ%ﬂ&h@rre GHihpL then.

Pronoters co trator elenents which specify the
transcri ptoopuationi Fomaxeoplesivhan uwpdingefpsarate 8 niwsdaopylaion q§xﬁfﬁ9ém?ATA

box, constructs, this refers to a population of expression constructs where each expression

20  construct differs in respect of the fusion polypeptide it encodes. Alternatively, when used
in reference to a mixed population of fusion polypeptides, this refers to a population of
fusion polypeptides where each fusion polypeptide differs in respect of the polymer
particle binding domain, the protein that comprises a polymer particle binding domain or
the particle forming protein, or the at least one fusion partner it contains, Still further,

25  when used in reference to a mixed population of polymer particles, this refers to a
population of polymer particles where each polymer particle differs in respect of the

fusion polypeptide or fusion polypeptides it carries.

The term “nucleic acid” as used herein refers to a single- or double- stranded polymer of

deoxyribonucleotide, ribonucleotide bases or known analogues of natural nucleotides, or



and notifs that are bound by transcription factors. 57 The term
"protein that conprises a polyner particle binding domain" conprises
any proteins other than the particle formng proteins defined above
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receptor subunit, a receptor subunit fragment, a ligand, a receptor
| i gand, alpeteiftdiNAgsmegsuredusingcampo6a number of techniques known to those

skilled in the art including, but not limited to Northern blot analysis.

20 The term “particle binding domain” as used herein refers to a polypeptide sequence that
forms or comprises a domain capable of binding to the polymer core or to the
phospholipid membrane surrounding the polymer core or both. The particle binding
domain may, for example, be selected from a particle binding N-terminal fragment of a
phasin or depolymerase protein or a C-terminal pax'tié]e binding fragment of a synthase or

25 arepressor protein. Examples of polypeptide sequences that comprise a polymer particle
binding domain include a polymer depolymerase, a polymer regulator, a polymer

synthase and a particle size-determining protein.



ant agoni st, a signalling nolecule, a signalling protein, a signalling
protein fragnent, a growh factor, a gromh factor fragnent, a
transcription factor, a transcription factor 58 fragnent, an

i nhibitor, a cytokine, a chenoldne, af inflanmtory nediator, a
nonosacchari de, an oligosaccharide, a polysaccharide, a glycoprotein,

a lipid, argetlermmal ﬂaghlbntw&ﬁeasﬁﬂadarp%tah Phash ﬁmiﬁ) o0 @gﬁoﬁﬂawarﬂmo a
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pol ymer pagiinliedye tHe - te&qﬁﬁl%%ﬁe{%tm&n% w&aﬁ%&ﬁ%@t&aﬂ mlenﬁsby a
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that maybenbasd phedidoée| Akt Q@el’ciﬂﬁ@ﬁt O?E'qul‘ggasg Qﬁgh n‘?er deser i bed
above. Exanpl es of substances ab e absorb |P

i ncor por atbéaling domjain (e tb%@ﬁmnabﬁame@r)éo theaolyersr @rgr@sT@nmemer particle
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phar maceut i cal ents m "vari ant er e| %ers to
pol ynucl egreteie t H@@aty@yﬁrm@r@a@@mféhm@nm@m@n@ﬁmwcmmf th?@dymer

speci fiscaldamicledenti fi ed sequences, wherein one or nore nucleotides or
amno acid residues is deleted, substituted, or added. Variants nay
be naturally occurring, allelic variants, or non-naturally occurring

variants. N&G SRR ERIRackravdue fomsall) ofthe mirasllalerealysgseci es and

may enC0”Rﬁﬁﬁyx’ﬁ&ﬁé&'o@@u%otpﬁéﬁﬁH%H@&yﬁi@@o @155&1%9@1@951 %{ba%&;éger tain
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g

possess  BPeEBH Hatt 2hdt PYteiab20ph Mol 483 or simlar to those

of the inventive pol ypeptides or
The N-terminus (amino acid residue from <140} of the expression products, embedded in

20  or assoclated with the polymer, of the genes phal and phaF from Pseudononas
oleovorans bind the proteins to the polyester core of the polymer particles (Prieto, M.A.
etal., . Bacteriol. 1999, Vol. 181(3), pp. 858-868).

The term “particle forming protein”, as used herein, refers to proteins involved in the
formation of the particle. It may, for example, be selected from the group of proteins

25  which comprises a polymer depolymerase, a polymer regulator, a polymer synthase and a
particle size-determining protein. Preferably the particle forming protein is selected from
the group comprising a thiolase, a reductase, a polymer synthase and a phasin. A particle
forming protein such as a synthase may catalyse the formation of a polymer particle by

polymerising a substrate or a derivative of a substrate to form a polymer particle.

P e el



pol ypeptides. The term"variant”™ with reference to pol ypepti des and
pol ypepti des enconpasses all fornms of polypeptides and pol ypepti des
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at | east ﬂ&ﬁamtmclaqmlymhe smtbase iaod sts sm:rstratg\rfaﬂle thné ceh tor ﬁ@rﬁiéwgtqffnm‘mt he

speci fi ed nucl e eguence. Pol ynu i ity
can be deifzg‘?l 8‘“1 ert 10? mtﬁ%lnér%gar b Jﬂﬁﬁé bﬂl?gésd&glj%%g%  $eRtld

pol ynuol EQb]yﬂier@ﬁmu&ﬂﬁﬁlyltlSdmﬂﬁﬂpar ed to a candi date pol ynucl eoti de
sequence using BLASTN (fromthe BLAST suite of prograns, version
2.2.10 [Cgt« i . Tati R0 }l;g)gm kne Madden
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-F F -p blmacmazaei“g'h:mfpancammwh@ Bind ughthy to tife hyilioplabiawyriase of die
conpl exi ty r amet of
al gori t hmH° ef H%P%%sr F’B?’lp%seoqctfén cef'i:é’)dEl Elgét%%gmtwq%rtgagreg%% lletigfgr@afu}sd
influence particle size.

The term “peptide to énable affinity purification” or “affinity purification peptide”, as

20 used herein, refers to a peptide which binds to a known ligand. This peptide facilitates
separation of formed particles from the host cell in which they were produced and
collection of patticles eluted from a chromatography matrix after screening, for example.
Examples include an avidin or a biotin binding fragment thereof, a streptavidin or a biotin
binding fragment thereof, biotin, Protein A or an IgG-binding fragment thereof (a ZZ

25  domain for example), an epitope, a polyhistidine or a cellulose binding domain.

A “polymer regulator” as used herein refers to a protein which regulates the transcription
of the genes phaA, phaB and phaC involved in the formation of the polymer particles. It
is withdrawn from transcription regulation by binding to the particle surface. One

example of such a regulator is the phasin repressor (phaR) from R. eutropha, which binds
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The term “polypeptide™, as used herein, encompasses amino acid chains of any length but

preferably at least 5 amino acids, including full-length proteins, in which amino acid

20 residues are linked by covalent peptide bonds. Polypeptides of the present invention may
be purified natural products, or may be produced partially or wholly using recombinant or
synthetic techniques. The term may refer to a polypeptide, an aggregate of a poljpeptide
such as a dimer or other multimer, a fusion polypeptide, a polypeptide variant, or

derivative thereof.

25  The term “promoter” refers to non transcribed cis-regulatory elements upstream of the
coding region that regulate gene transcription. Promoters comprise cis-initiator elements
which specify the transcription initiation site and conserved boxes such as the TATA box,

and motifs that are bound by transcription factors.
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respect tq,lmg?/dmhpotl de nol ecul es greater than about 100 bases in
| ength, typical stringent hybridization conditions are no nore than
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pol ynucl edhdt dﬁal§)§es production of a detectable product. Reporter peptides useful herein include

20 lacZ, luciferase, alkaline phosphatases, peroxidases, or green fluorescent protein (GFP).

The term “target component” as used herein refers to a protein, a protein fragment, a
peptide, a polypeptide, a polypeptide fragment, an antibody, an antibody fragment, an
antibody binding domain, an antigen, an antigen fragment, an antigenic determinant, an
epitope, a hapten, an immunogen, an immunogen fragment, a metal ion, a metal ion-

25 coated molecule, biotin, a biotin derivative, avidin, streptavidin, an inhibitor, a co-factor,
a substrate, an enzyme, an abzyme, a receptor, a receptor fragment, a receptor subunit, a
receptor subunit fragment, a ligand, a receptor ligand, a receptor agonist, a receptor
antagonist, a signalling molecule, a signalling protein, a signalling protein fragment, a

growth factor, a growth factor fragment, a transcription factor, a transcription factor

AP AAD A TSNS



greater than 100 bases in length would be hybridization conditions
such as prewashing in a solution of 6X SSC, 0.2% SDS; hybridizing at
65C, 6X SSC, 0.2% SDS overnight; 62 followed by two washes of 30
m nutes each in 1X SSC, 0.1% SDS at 6%C and two washes of 30 m nutes
each in 0.2X SSC, 0.1% SDS at 650 Wth respect to polynucl eotide

nol ecul es_havi a.length ss t stri ngent
hybr i di zapii%fﬁ E%Hd‘?}}tﬂfl{;’%sa 3{3‘“@ atme %9% P%@%ﬁﬁﬁg@@{%&e theng of
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Sci ence. él?&ibrd%ﬁ &@%&m&muﬁ,@aﬂmw@) pfﬁmluahmaﬁma,raesemngpmtelm han

t hose forpjgl\lA or REQH br|f and can be cal ngl égdeum ng
the for muiids dEdeRagBFrapPiesiiss Arug s aUse A CORQIEE B8R RPYHREE 1998 Nov
1;26(21): ﬁ@@xﬂa&uﬁcﬁﬂ?ﬁﬁi\@ragerﬁtarﬂlcﬁlggﬁﬁﬂyhyﬂivela@brit,&ﬁlalﬁtm, a doaplitigtrbapast, 4 or a

DNAPNAhbrld hawngalenthlessth]g 1Q0 bas 5 tq 10C
bel ow t hel ARy PoRiideafit SXPERSY AR CINETRIALRCIHI AR QT HFYR Pﬁ mf’ﬁk‘?é???l on al so

enconpasses pol ynucl eotides that differ fromthe sequences of the
i nvent i onThiterth M@fmin®&6r " aefeBNRS saquameﬁhstfteﬂﬂhmamgmmiamwm1 ard foutdhia

genetic cqodg, encade.a pol.ypeptide havi act i vi.t

pol ypept i g’é’f%e ateth g Oﬁé%‘?%%wgﬁrﬂgﬂg? %Wnk grs% TSR nlé“ %a??rsé%re
sequenge aﬁﬁoetéﬁttdefbﬁnhahﬁtk ofHRBIAN®IbIIEN amtje sothdesasHanobaaifchreddgbence of

t he pol ypept.i de i s a 5| Jent variation". Except for ATG (nethionine)
and TGG (Ffrgi) funétifly codons for the same amino acid may be

changed by art recognl zed techniques, e.g., to optim ze codon

expr essi offihé ferm “pbithhcet vhen reBiret asih relnigartd bemg Boing tual sbsirbeldneyuence
alterations resltl |n conservat.i v upstitution

several afi-HoRES ?‘F‘}%mcérrﬂl’@%ﬁgdsﬁj RN e&%ag%qﬁag%cﬂé&\?\ng?%ap ya

si gni fi canislon pah:ﬁ@ror agubistagice thitdd bl 10 dk absottied ity odinedrpdraied ivitbinaded i n
t he IH enti.on. illed artisan will be aware of nethods for

myl ci é pﬁ%lﬁ‘f?f" ‘TI y silent amno acid substitutions (see, e.g.,
Bow e et 25 al., 1990, Science 247, 1306). Variant pol ynucl eoti des
due to si Esmbplesefisabsiamns thataha@f(bnbelmﬁdﬂiaxfesimmlthml!JO 2EOaN Ahe

described above. Examples of substances able to be absorbed into or incorporated within
a polymer particle include dyes and pharmaceutical agents, preferably lipophilic dyes and

lipophilic pharmaceutical agents.

20  The term “variant” as used herein refers to polynucleotide or polypeptide sequences
different from the specifically identified sequences, wherein one or more nucleotides or
amino acid residues is deleted, substituted, or added. Variants may be naturally occurring
allelic variants, or non-naturally occurring variants. Variants may be from the same or
from other species and may encompass homologues, paralogues and orthologues. In

25  certain embodiments, variants of the inventive polypeptides and polypeptides possess
biological activities that are the same or similar to those of the inventive polypeptides or
polypeptides. The term “variant” with reference to polypeptides and polypepiides

encompasses all forms of polypeptides and polypeptides as defined herein.



encoded pol ypepti de sequence nmay be determ ned using the publicly
avai l abl e bl 2seq 63 programfromthe BLAST suite of prograns
(version 2.2.10 [Cct 2004]) from NCBI (ftp://ftp.nebi.nih.aov/blast,
via the thlastx algorithn1as previ ousby described. Pol ypeptide
Variants The term"variant” with reference to pol ypepti des
enconpassesspatMbleh-iggeurring, 5 recombinantly and synthetically
produced pol ypeptides. Vari ant polypeptlde sequences preferably
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20 parameters of bl2seq are utilized except that filtering of low complexity parts should be
turned off,

The identity of polynucleotide sequences may be examined using the following unix

command line parameters:
bl2seq —i nucleotideseq —j nucleotideseq2 ~F F —p blastn

25  The parameter -F F turns off filtering of low complexity sections. The parameter —p
selects the appropriate algorithm for the pair of sequences. The bi2seq program reports

sequence identity as both the number and percentage of identical nucleotides in a line
“Identities = .

e T N ]



al i gnment prograns for cal cul ati ng pol ypepti de sequence identity. 64
Pol ypeptide variants of the present invention also enconpass those
which exhibit a simlarity to one or nore of the specifically
identified sequences that is likely tggpreserve the functional
equi val ence of those sequences and which could not reasonably be

expected t Py .rando hance.. such . sequence siJplarity
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algorithmfor the pair of sequences. This programfinds regions of

simlarity,het n,t equences ,and for, each such region reports an
"E val ue" A\}\ﬁfn ﬁ%ﬁ%the?ﬁ@ @g%‘é@tljézﬂ'% which compyies ap AR glofalex pect to
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cont ai ni n andom seqguenc r.s val ues, 20 nuc ess than
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20 BLAST suite of programs (version 2.2.10 [Oct 2004]) from NCBI

Hip.nchi.nih.gov/blast/).

The similarity of polynucleotide sequences may be examined using the following unix

command line parameters:
bl2seq —i nucleotideseql —j nucleotideseq2 —F F —p thlastx

25  The parameter —F F turns off filtering of low complexity sections. The parameter -p
selects the appropriate algorithm for the pair of sequences. This program finds regions of
similarity between the sequences and for each such region reports an “E value” which is

the expected number of times one could expect to see such a match by chance ina



65 exanple a variant may be produced by an alternative splicing
pattern of the primary RNA transcript to that which produces a wild
type pol ypeptide. The term"vector"” refers to a pol ynucl eoti de

nol ecul e, usually doubl e stranded DNA!l which is used to transport

the genetic construct into a host cell. The vector may be 5 capable
of repli caithiafe b Mledk@adice@RE cafislhink AMAbm BEBENCEY ThE ke SIER d@tshdse
coll. 2. Expression Construct Preparation Processes for produm ng

and usi ngISés?tdWé@&uBhn the HResa emam ofor gnpl Eyalugimysh egsdhagrpne, the B

pol ypepti ¢agge 1'sla.pﬁfbﬁfrﬁ%i}gﬁ@bl§9§ﬁht$b§§{ch & dnldém atcgni mal cell's (cellul ar
expression systens) or in cel ree expre55|on systens, and host

cells conpri sing expression constructs uysef far form ng .pol yner
parti cl es YFoHIt BY¥GEfIARSeARAE T PFEFrably 6% “u§ Hé%oﬁci?’?stﬂﬁé‘r?d‘rﬂ) (e.g.
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S Ha b Pre et t Prot, |
vl oo ne @R s @é%%lewh%ﬂ§P1@qp1*3881’fb@71)x1%x EAE RN o h

for use i maRLNQAS Rbqdhlier & 'I'O’elmlésgfhaﬂﬁyi 1e'2t 38k iRd 11xNto 28w Ada
replicable vector for cloning or for expression, or nmay be

i ncor por aeeeparsst with #y 9ne gf the spepdiaelly entifisdiscdvetor s are publicly
avai l able. The vector may, for exanple, be in the formof a plasmd,

cosm d, ViAkdnatRL, et pdinuBREURs oﬂﬂ@p@@@f BREitidh Qyltiedeab & speifidd
sequence may be |nserted Into the veﬁt or a varl e%‘%/dlltof pr ocedur es.

I n geh@r aPOlY]BN]@C’P%e SePIEs, B EPINETBE %rﬁ?fr‘@%?r stgingent sQdHLE on

endonucl ease site(s) using techniques known in the 20 art. Vector
conponent ShgRAL riaftridize Bedet steingdatitonditienstOdnd| gravichtidaltegnivalots terenfr € - of

a signal eque an or| |n of. atlo .one re selectable
mar ker geFP% ekﬁldgr?é apol ’é‘fcéeﬁﬁﬁ?t mgﬂﬁ ‘%‘? @rJr]éf fize tﬁﬁ%”ﬁ%?ﬁ'ﬂ‘é@?"%ﬁ i on
term nati ﬁﬁle‘é?lle URIOE 8s a @g@ﬁﬁdiyiﬁbie@tiﬁelmﬁolaﬂlehﬂxhigblhzmt ODNAGD m\mh bibtng
one or nore.o ent oys ar tion tec ues
onoun i 1 %45 Soutbem B b e eauSrS ks aeD g ons Sl ety ol it
nucl eits aehideRRHYLNTIR abiﬁ@tto Q?&Mlﬁ&mﬂﬁémn‘g&ﬁlhﬂﬁrlcﬁﬁtlﬁzecﬂndﬁ@hﬁcmﬂbeOne or
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vari ety ofctHEuRsEhhy nit ’é’r‘i’&“%} SR Srngat ey “’8%@8? ‘H’éfﬁ%sﬂfgﬁﬁ
eXPr essi OBiggmsY tifk désﬁemgtﬁﬁ@ﬁéy_on a high copy nunber vector.

With respect to polynucleotide molecules greater than about 100 bases in length, typical
stringent hybridization conditions are no more than 25 to 30° C (for example, 10° C)

20  below the melting temperature (Tm) of the native duplex (see generally, Sambrook et al.,
Eds, 1987, Molecular Cloning, A Laboratory Manual, 2nd Ed. Cold Spring Harbor Press;
Ausubel et al., 1987, Current Protocols in Molecular Biology, Greene Publishing,). Tm
for polynucleotide molecules greater than about 100 bases can be calculated by the
formula Tm = 81. 5 + 0. 41% (G + C-log (Na+). (Sambrook et al., Eds, 1987, Molecular

25  Cloning, A Laboratory Manual, 2nd Ed. Cold Spring Harbor Press; Bolton and
McCarthy, 1962, PNAS 84:1390). Typical stringent conditions for polynucleotide of
greater than 100 bases in length would be hybridization conditions such as prewashing in

a solution of 6X SSC, 0.2% SDS; hybridizing at 65°C, 6X SSC, 0.2% SDS overnight;



66 | n one enbodi nent the high copy nunber vector is selected from
those that may be present at 20 to 3000 copies per host cell. In one
enbodi nent the high copy nunber vector contain a high copy nunber
origin of replication (ori), such ase¢fol E1 or a a Col E1-derived
origin of replication. For exanple, 5 the ColE-1 derived origin of
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t r ansf or nedlnbiEe Tee| | . Typi cal sel ection genes encode proteins that
(a) confer resistance to antibiotics or other toxins, e.g.,
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D.\

changed by art recognized techniques, e.g., to optimize codon expression in a particular

20  host organism.

Polynucleotide sequence alterations resulting in conservative substitutions of one or
several amino acids in the encoded polypeptide sequence without significantly altering its
biological activity are also included in the invention. A skilled artisan will be aware of
methods for making phenotypically silent amino acid substitutions (see, ¢.g., Bowie ef

25 al, 1990, Science 247, 1306).

Variant polynucleotides due io silent variations and conservative substitutions in the

encoded polypeptide sequence may be determined using the publicly available bl2seq



transferase (bar gene) for Ignite (AgrEvo) and Basta (Hoechst)

resi stance, and the hygromycin phosphotransferase gene (hpt) for
hygromyci n resi stance. Exanples of suitable selectable markers for
mammal i an cells are those that enable®he identification of cells
conpetent to take up expression constructs, such as DHFR or 5
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polypeptide sequence is compared to a candidate polypeptide sequence using BLASTP

20 (from the BLAST suite of programs, version 2.2.10 [Oct 2004]) in bl2seq, which is
publicly available from NCBI (fip://fip.ncbinih.pov/blast/). The default parameters of
bl2seq are utilized except that filtering of low complexity regions should be turned off,

col

Polypeptide sequence identity may also be calculated over the entire length of the overlap
between a candidate and subject polynucleotide sequences using global sequence

25 alignment programs. EMBOSS-needle (available at hitp:/www.ebi.ac.uk/emboss/align/)
and GAP (Huang, X. (1994) On Global Sequence Alignment. Computer Applications in
the Biosciences 10, 227-235.) as discussed above are also suitable global sequence

alignment programs for caleulating polypeptide sequence identity.
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phosphat e i sonmerase, 3-phosphogl ycerate nutase, pyruvate kinase,
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y "5 much less than one, this is approximately the probability of such a random match.

Conservative substitutions of one or several amino acids of a described polypeptide
sequence without significantly altering its biological activity are also included in the
invention. A skilled artisan will be aware of methods for making phenotypically silent

amino acid substitutions (see, e.g., Bowie e7 al., 1990, Science 247, 1306).

25 Apolypeptide variant of the present invention also encompasses that which is produced
from the nucleic acid encoding a polypeptide, but differs from the wild type polypeptide

in that it is processed differently such that it has an altered amino acid sequence. For



Transcription of an expression construct by higher eukaryotes may be
increased by inserting an enhancer sequence into the vector.
Enhancers are cis-acting elenments of DNA wusually about from10 to
300 bp, that act on a pronoter to incggase its transcription. Mny
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el ast ase, ' . = j ' L F). | : ygyﬁg,
one w || J%gggﬁhqgﬁﬁgncg?Pbg%ﬁ%gb%gﬁ%F@%@?%h%%?ﬁ£§?#§§f&%§g%% es

i ncl ude t Hean8vipotoghdiaricbprasiucashaovildalee podipdetidsf the replication origin
(bp 100-270), the cytonegal ovirus early pronoter enhancer, the

pol yoma enhgnea! «Qhobherelsal £ Lﬁﬂllﬁl@iegﬂ(idetzﬂﬁed’uﬁphﬁuﬁﬁj; A1t DN d
adenovirus enhancers. The ehhancer may be Spliced into the vector at
a posi ti orviBeh iguset to fransperé the genptie ponsiragt irde @ host celh aliheivester tharlei ng
protein or i i i L ef erably
Iocateg é?%gﬁigﬁgﬁﬁbﬁgﬁg%Pgﬁgﬁ%%gﬁggggg E%p%ggg#%ﬁbgé%%brs used in
eul caryotic host cells (yeast, fungi, insect, plant, animal, human,
or nucl eat?ed cdispressipnfobttrist Praparatior) | ul ar organi sms) will al so
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I n one enydjdent 14435 regul atabl e pronoter systemis an inducible or
repressible pronoter system 25 Wile it is desirable to use strong
pronoters in the productjon of rec i.ngnt proteins, regulation of
t hese prordPEFEOR ‘%%%%ﬂ%T%?“EWﬂﬁ@gggH§¥¥?ﬂ AR RIsEEH e 4 on of
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stability and cq&ture viability ] ‘
genome. Various vectors are publicly available. The vector may, for example, be in the

form of a iJIasmid, cosmid, viral particle, or phage. The appropriate nucleic acid
sequence may be inserted into the vector by a variety of procedures. In general, DNA is
inserted into an appropriate restriction endonuclease site(s) using techniques known in the
20 art. Vector components generally include, but are not limited to, one or more of a signal
sequence, an origin of replication, one or more selectable marker genes, an enhancer
element, a promoter, and a transcription termination sequence. Construction of suitable
vectors containing one or more of these components employs standard ligation techniques

known in the art.

25  Both expression and cloning vectors contain a nucleic acid sequence that enables the
vector fo replicate in one or more selected host cells. Such sequences are well known for

a variety of bacteria, yeast, and viruses.

In one embodiment the expression construct is present on a high copy number vector.



A nunber of pronoters are regulated by the interaction of a repressor
protein with the operator (a region downstreamfromthe pronoter).
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within the origin such that cloning of an insert into the restriction site will render it

capable of supporting only low or single copy number replication of the vector.

Expression and cloning vectors will typically contain a selection gene, also termed a
20  selectable marker to detect the presence of the vector in the transformed host cell.
Typical selection genes encode proteins that (a) confer resistance fo antibiotics or other
toxins, ¢.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement
auxotrophic deficiencies, or (¢) supply critical nutrients not available from complex.

media, e.g., the gene encoding D-alanine racemase for Bacilli.

25  Selectable markers commonly used in plant transformation include the neomyein
phophotransferase IT gene (NPT I} which confers kanamycin resistance, the aadA gene,

which confers spectinomyein and streptomycin resistance, the phosphinothricin acetyl



or treatnent of the cells with mtonmycin C. A nore convenient way to
al |l ow expression of the reconbi nant pol ypeptide is the application
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pol yrreras f‘ie e\fgﬁ gggaﬁgﬁﬁto t he genone under phaP prom)ter 20
control (Bar nard et al. Protein Expr Purif. 2004 Dec; 38(2):264-71).
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bout 10 o ding for the T7 RNA
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Ot her ant |amabmq rbgsphiiagsha irytofiat () erdvatéraystah [GRAdEl 2Nucleic Acids Res.,
20 8:4057 (1980); EP 36,776], and hybrid promoters such as the tac promoter [deBoer et al.,
Proc. Natl. Acad. Sci. USA, 80:21-25 (1983)]. Promoters for use in bacterial systems

also will contain a Shine-Dalgarno (S.D.) sequence operably linked to the nucleic acid

encoding a polymer synthase, particle forming protein or fusion polypeptide..

Examples of suitable promoting sequences for use with yeast hosts include the promoters
25 for 3-phosphoglycerate kinase [Hitzeman et al., J. Biol. Chem., 255:2073 (1980)] or other

glycolytic enzymes [Hess et al., J. Adv. Enzyme Reg., 7:149 (1968); Holland,

Biochemistry, 17:4900 (1978)], such as enolase, glyceraldehyde-3-phosphate

dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-



pol ynerase but not the T7 RNA pol ynerase are known in the art, such
as streptolydigin and streptovaricin. Since all pronoter systens are
| eaky, |ow Il evel expression of the gene coding for T7 RNA pol ynerase
may be deleterious to the cell in thdSe cases where the reconbi nant

5 pol ypepti de encodes a toxic protein. These pol ynerase nol ecul es
present dphosphate semenensphphsgdycemte tngasenpyirbiatecldndsy, téospplesigiateg t he

T7-encoded_gene f?‘r Lﬁozgrm. Thi s eg[]%éﬂe i65 a bifunctional protein
that cuts B 5o PP uc@ﬁlforg\%ﬁe’%jfi KeH6Et cell and sel ectively
inhibits the T7 RNA polynerase by binding to it, a feed-back

mechani smQthatyeaseprsmpies, whichatiolubibl temeters bhving tesddifigel aivardegeiolg T7
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use of pronmpters suc s APl ar.. APR i C i nduc )
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shift, suehdamyhys ebeudble fg nidiosd adpelnabsengilibatiom about 30-37C to 42C
toinitiate the 15 induction cycle. A strong pronoter may enhance
fusi on pol Joil S| { i |0

I n-vivo pr%(( u@{eél %ﬁsyg%?eeéré%?g% é{l‘%F %ﬁﬁ%gﬁ% éq%)l%sf g‘glg 9@%?%5?{{3 gre?rgﬁ%ﬂa

pol ymer paranpadt er dicetglanpindlodmdeti-, tiasupr oxlergantshedificpmpriesesliaygeol yner
particle _20.bindi | n,...or par t i ' ' y
Coroi it i SRR Hoth PSP gy Gho B Risese SoyBehs Oshoflehbhnotl il
conpri si ngre actiye iatmdsedstt tismwes, pul 1ppeyitinaiepromotefs. iQhoie of pasbteonwd]

P 115, S9GRLBun8Lpe Bt b PSP B P RS GRS et
conbi nat i die pforraiteys uywbeothosetiroas thé hést pelt, or Yriompiershgricleatadpived fibm one
enbodi me ntgeltteg or I)tﬂgri p?agﬂs? iaf{r&s@s? Iéln({rp?lgnt%gtggéémsceoacteﬁa and fungi. Those skilled in
15  the art will, without undue experimentation, be able to select promoters that are suitable
for use in modifying and modulating expression constructs using genetic constructs
comprising the polynucleotide sequences of the invention. Examples of constitutive plant
promoters include the CaMV 358 promoter, the nopaline synthase promoter and the
octopine synthase promoter, and the Ubi 1 promoter from maize. Plant promoters which
20  are active in specific tissues, respond to internal developmental signals or external abiotic
or biotic stresses are described in the scientific literature. Exemplary promoters are

described, e.g., in WO 02/00894, which is herein incorporated by reference.

Examples of suitable promoters for use in mammalian host cells comprise those obtained
from the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such as
25  Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a
retrovirus, hepatitis-B virus and Simian Virus 40 (SV40), from heterologous mammalian
promoters, e.g., the actin promoter or an immunoglobulin promoter, and from heat-shock

promoters, provided such promoters are compatible with the host cell systems.
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transcribed as polyadenylated fragments in the untranslated portion of the mRNA

encoding the polymer synthase, particle forming protein or fusion polypeptide.

In one embodiment the expression construct comprises an upstream inducible promoter,

20 suchas a BAD promoter, which is induced by arabinose.

In one embodiment the expression construct comprises a constitutive or regulatable

promoter system.

In one embodiment the regulatable promoter system is an indueible or repressible

promoter system.

25 While it is desirable to use strong promoters in the production of recombinant proteins,
regulation of these promoters is essential since constitutive overproduction of
heterologous proteins leads to decreases in growth rate, plasmid stability and culture

viability.



encodi ng a phasin, preferably a phaP phasin or a NNterm nal phasin
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with the N-term nus of the anino acid’ equence encodi ng a phasin or
a CGtermnal phasin fragnent through a peptide |inker or spacer of a
desired | efigemberpdprompdirs e agsskted ol dpanideentionf aflademepsafprdtbia withsheon

pol ypept i dgSuatd, r i ] id se nce of the fusion
pol ypept i dgl%learﬁ%g%féﬁgonat i %%egﬁ rﬁofgﬁlgﬁ@%ﬂ%' gﬁe rﬁg?sftv%gﬁm?‘gn USTHTSESus

wi th the Nheserframis lagfoptine auhiroro baniridphagg Ue nEeoveeioo of gilaed ynt hase
or a CGterm l.n_.ope_enbodi ment. t he _am no.acid
sequence O]?ﬁ’o;'(ﬁﬁlgrslﬁ %Js@f %%%%P%? @?&;E%B%&ioggﬁ%?m%gﬁg?ﬂ%ﬂ%ng %ngog]}’f’t 4 Pher
is indi $ ecRéopmbingmicE. bl Bultilaiofist lefehs &Reaibn Lhbamiel RBiddbislicsequence
encodi ng A i%ten;?gs ?ec%golggyzl\%glgg@g%%g?&@%??@ﬁ fragment through a

pepti de |inkKer "or® spacer h to facilitate

i ndependent folding of the fusion polypeptides. In one enbodinent the
ani no aci dAswipnditteenoé betweenfstrsilod bpddrippeptivatiensend dabseigvaivingeast  one
fusion parf, : ont.i: ith the N-termnus of the amnp acid
sequence e%%b |8%6Eacggé%§?$%%¢%a1&sne?ftt€erga -atngpFﬂ REORGE PSSR Pawses-
fragment. Kysembidentprcige patuttive ofiesiabes afwinype pf icgalatcAp0e0 Y atlfevehe

S5y A\ D T STl ol el ot ™
fu Inct i onal urdenof thettesipeb ﬁsesiliﬁh.? mmvt?ér?/}e? ﬂatmts bfll&telfr@l?gmts' Q:{[ﬂeri]@bro&:ﬂﬁion in

pol ymer p ! [ e BXa unctional ity e pol ymer
synt hase ?téé ngJE‘CZI?%BgZ%F gfogm?nregggﬁﬁ?nﬁﬁﬁq tu%tﬁe BWE)%p%/I? ge is fused wth

the N-termnal end thereof, resulting in the production of
r econbi narlf opotyhndieeng the seguidted lequohetersygtmtiheelqoted tfioal leacl, $g phabetyne

functi Onalénﬁﬁ]h%stﬁAﬂrgg&ﬁ%%. neverthel ess be inpaired by the fusion,
off's

this shortco g may et by the presence of an additional
partic{e form ng protein which perfornms the same function and 5 is
present? i 47 erelorlirent thy promaqtey sy ispelaeted fromtthe Isc gdss pioetet andsths ur e

a stable bmeepeéss&,%tﬁ&ﬁpﬁjejneépéndﬁﬁé%@gggﬂrgsgo bound to the pol yner

particles via the particle formng proterns. Tn one enbodi ment the
nucleic acid na gl so conprise any one or nore of (1) at |east one
nucleic a Paneseé%hﬁ’ freat top Lecldgpiessorfipinagiivaiad by edditionofisomyppe®oPei n,

thiogalactopyranoside (IPTG) which binds to the active repressor causes dissociation

from the operator, allowing expression.

20 Inone embodiment the trp promoter system uses a synthetic media with a defined
tryptophan concentration, such that when the concentration falls below a threshold level
the system becomes self-inducible. In one embodiment 3-B-indole-acrylic acid may be

added to inactivate the TrpR repressor.

In one embodiment the promoter system may make use of the bacteriophage vy repressor
25 ol This repressor makes use of the y prophage and prevent expression of all the lytic

genes by interacting with two operators termed Oy, and Op. These operators overlap with

two strong promoters Py, and Pr respectively. In the presence of the ¢l repressor, binding

of RNA polymerase is prevented. The cI repressor can be inactivated by UV-irradiation



10 the protein conprising a polymer particle binding donain, or (2)
at | east one nucleic acid sequence that codes for an additional
fusion polypeptide, the additional fusion polypeptide conprising:

(a) a polyner particle binding domain/'a protein that conprises a

pol ymer particle binding domain, a particle formng protein, or a 15
conbi nat i off trsreabdf thesells wish matofysin €h Ppmntmnvmimnpwaﬂnagoxatamn&aish one

ol ypeptid e or re couplin
Feagonts of & SarRAE ol A, B BB hee B G S GpSon B e
conpri si ngelaepreseas¥dignHogakpepyinge yehaehdatcpﬂesamtsystéiﬁ cante é@r{:\ﬁkﬁitoriﬂifd-
domai n or rea ts, or i nati on ereof , or
() ot | eac Rl PRAE CONRL AR GRAT T i Pise BOME P ur i B otrae,

or (3)5 anﬂjxpct’@ﬁmcrfahar@cbndﬁnmmlmepnme t hereof; In one enbodi nent the
reporter peptide is a fluorescent peptide or a reporter enzyme. 76

|0 0ne. STORGREech BnABRLARM RERL LG SELCF A TR AE S

| uci ferase, al Kali hat ase, peroxi
protein ( GF%HWStOHMQmQIGEéomdméhn ’BEIEHA; Jimltnot ﬁlemarerm@emmtthdliosi he

t Ko nt on.the _order of
gggeeEQZugﬁgg%%}ntﬁ%e%#g% %?glpac ffssé%l Ograﬁ'@gmgy 310“‘5 °6fhé?§% d. For
exanpl e, 'nromd:ylm@rmdgr thegrotnotep presknt & ook ubgens 1 {ab m%arél}egeccomo ralgtSInn
b pab i) iy RSt e P, 863t BRI sy BUdb A th B P e e,
Thg term "erxmstsmmhgtrubms:emlﬁeomr cﬁﬂ@gﬁlﬂe axpréskidh OshsP@J wgrﬁ?%:al%g 11]31;8 ;fhn‘?‘ g

a e 1 NAl
SPorel ¢ oBcel BB hafbaRAT HFl RS erop R thoed Srertin B SIS PPHEE. { hin

are separ alledingyts amsﬂ:ﬁptmddndl iramkitiopthoingithe sMpiegdionFhdsdhe any protein
that is desired to be expressed in the fusion polypeptide. In one

ot el or s fate 8E21 AN By Pas® BEl S S BT st ek P ot o
i ndepelide ,i]pstfcglﬂ@angmgfheﬂﬁd{lﬂzu pplymerase gene. Other cell sirains carrying the T7 RNA
polymerase gene are known in the art, such as Pseudomonas aeruginosa ADD1976
harboring the T7 RNA polymerase gene integrated into the genome (Brunschwig &
Darzins, 1992, Gene 111, 35-41) and Cupriavidus necator (formerly Ralstonia eutropha)
harboring the T7 RNA polymerase gene integrated into the genome under phaP promoter
20 control (Barnard et al. Protein Expr Purif. 2004 Dec;38(2):264-71).

The T7 RNA polymerase offers three a(tivantages over the host cell enzymes: First, it
consists of only one subunit, second it exerts a higher processivity, and third it is
insensitive towards rifampicin. The latter characteristic can be used especially to enbance
the amount of fusion polypeptide by adding this antibiotic about 10 min after induction of
25  the geﬁe coding for the T7 RNA polymerase. During that time, enough polymerase has
been synthesised to allow high-level expression of the fusion polypeptide, and inhibition
of the host cell enzymes prevents further expression of all the other genes present on both

the plasmid and the chromosome. Other antibiotics which inhibit the bacterial RNA



pol ypepti des, as di scussed above. In this enbodinment it would be
necessary to order the 15 sequence of genes in the plasmd to reflect
the desired arrangenent of the fusion polypeptide. In one enbodi nent
the particle binding domain or a partixle form ng protein conprising
a particle bi ndi ng domain may be directly fused to the pol ypeptide.
The term "l reetdh Yut Jo’:’ﬁ@ &7 RN fnﬂergé%ra% ol 11'1 ﬂ]@'aﬁastu@h M%ﬁolw\i@npr
nore peptides are |inked via peptide bonds. may al so

possi bl e tapdfseptavatigarticl e wherein the partlcle conpri ses at | east
two distinct fusion polypeptides that ate bound to the polymer core.

For exanpl §ycedilfphdnidter shitshOfe RAkY RARIN S @xHesiinl oFiHGeRe &ﬁfﬂg'f@ﬂ 5
bi ndi ng domain or a particle form protein conprising a particle

bi ndi ng ddrfRoISHEE My &g ctfée@qrioa@tw tﬁ%«fﬂ&rﬂgf thogs gagespydiersg it ceraPipang
pol yners ¢ %%gaeﬂntfhe%%d&é OBk Drdidth. Sl“lleﬁtpolﬁ?e?atse eRecAddbbi-aN@kink 4l ONn

pol ypept i bound to the fner core at a different site
to said figtewthpheseespmbe imnbiteideyi expigprng fhfu T-errodeshzepp EpdysaampaVif ncl ude

a particle.f é@s@%lfgjlﬁc%ﬁal m@n{huts%m &ghyrpm%a%u @ftﬁ@t&@f&eﬁrmld pepti de

or an affini uri catl e as di scussed above. I n one

epti
enbodi rrentseleh@febédphlbwh@'ﬁ'f Bbwsmqlnmraseé)yémm% dp fefzfi—baolﬁ@aeclmn@rneth@tm y
the expression &9 §ﬁerd st b%:s gﬁ&ipﬁgﬂmnghh%e&ﬁn%ﬂé Ef@%ﬁnhﬁ 3@21

nlcroorganlsn1 pre erab one e I ment he
expreski o r(DBthTWSE@tam esalepdp pEsbetcdlithaticanies thPplesraidabyss thife 5

expre55|oq388 q%%kémg%pﬁﬁo Ig invitro using a cell free

exXpr essi on sy one e nent one or nore genes can be
inserted into a S|ngle expreSS|on construc or one or nore genes

can be |nﬁé@ﬁaﬁéﬁﬁﬁﬁwéﬂpWéHWﬁgﬁY8@nPmﬁ@ﬂﬁﬁ@fW$mﬂ@$ﬁu@§§é§q@&ﬁ Bssi on
can be co %ﬂl% h&Fbd REQRYED: RLAPRLSHS to%ﬁmgt% e thRHoRBRYSy o tBnfiSure

enbodi nent the expression construct further encodes at "| east one
addi t i onal shifty gmczhms by eleyrsing fhepserhpreaters fon abwcp 023 THa Fa 426F & Bitialsithyy

domai nj0r g ﬁRﬁﬁﬁhﬁie formng protein conprising a particle binding
domai n “and edst one or nore of a particle formng protein, a
fusion poyxpeptlde a reporter peptide or, an affinity purjification

peptide as o maysPpBance fsiR@oRERSYR AEstY eifle sifrrrf Rarpapticle
i nvention fuint BetivsRBRlises providing at |east one
Preferred fusion polypeptides'comprise:

(1)  apolymer particle binding domain, a protein that comprises a polymer particle
20  binding domain, or a particle forming protein, or any combination of any two or more
thereof, and

(2)  afusion partner comprising
) at least one polypeptide, or
(ii)  atleast one binding domain, or

25 (iii) atleast one reporter peptide, or



15 additi onal expression construct encoding at |east one additional
fusion pol ypeptide conprising a particle binding domain or a
particle formng protein conprising a particle binding donmain and at
| east one or nore of a particle forni’Ag protein, a fusion

pol ypeptide, a reporter peptide or an affinity purification peptide
as di scusfed adideset.ont affimite pwifiseiderngeptidd, bbe expr essi on construct

conpri ses an expression construct binding 20 peptide binding domain.

Pref er abl y+t he i r DI eptide and the
expressioﬁqcoﬁé ?géﬁﬁﬁkﬁgﬁgé peﬁ#ﬁ}é %ﬂﬁ&?ﬁgpdonain are unique to a
singl e expression construct or group of expression constructs.

Pr ef er abl gonebfernp]eﬁﬂiod@em@dmlbﬂlé%@ﬁwﬂ mitngr pAYCPIPEset i on is unique to a
si ngl e expression construct or group of expression constructs. 25
Plasm ds gpef ul;dgrak Binafng aShAWANd B 1EBCorkiraFi6SHepiie, & € described in
detail in published PCT I'nternational Application WO 2004020623
(Bernd_Rehp) which is_ jncorporate reference. 78 3. Peptide

Li brary FBPnatdt&isiane b@@ﬁgé?mﬂﬂ apﬁg@qgﬁmtﬂ\fm’ PEIERAEE PR 9P| ayi ng
and screeni ng peptides and peptide I|ibraries. In one enbodi nent, the
i nvent i on(ifiel adt&sstiode Pinaig dbdeain atd atfiedsydre reposteit peplidesant at leastlosp| ayi ng
and screeni.ng peptides and peptide libraries using polyner particles.
5 Process@@n&%P“r %Wﬁﬁﬁqﬁﬁ%mxnide libraries are well known in the art
(see for exanple Crossley R 2004; Mri T, 2004). Any technique for
gener at i nBorcemaeplprie sséthdrembodimaniythofusiop ppinerhasy (ampris& pr essi on

library) that is knowmn in the all may be enployed to generate a
peptide | |brar r.di I : t invention. A
pepti de Ipﬁrar%h%gé?gkaﬁéﬁﬁﬁﬁﬁﬁgﬁﬂ%gggé%B%pgg&%gﬁggthe entire genetic
conpl enent_of an 10 organismor a portion thereof or prepared froma
si ngl 80 pafignt & &geione solyprptidesndsgleastane BpeRE PAPLSE: d'nt er est .
Alternatively the peptide |library nmaybe an engineered |ibrary.

Di versi tyiin |dtiMadone poliBepilEanidnk lasdeaeaiuty paifdcadNbeheRDai ques

i ncludi ng nut agenesis, PCR and varying the reaction m xture used to

t hesi i | eotides. Peptide |i ' ful . h
conpri se B¥bol L8 3 S0Y ey TR e ser HaEneAopds Bty < Thms BabTe
conpri sespaptigé,@kei n, a protein fragment, a binding domain, a
t ar get - bi ndi ng

\2) at least one polypeptide and at least one binding domain and at least one affinity

15  purification peptide, or

(vi)  atleast one polypeptide and at least one binding domain and at least one reporter

peptide and at least one affinity purification peptide.

A nueleic acid sequence encoding a fusion polypeptide for use herein comprises a nucleic
acid encoding a particle binding domain, a protein that comprises comprising a particle
20  binding domain or a particle forming protein and a nucleic acid sequence encoding at
least one fusion partner. Once expressed, the fusion polypeptide is able to form or
facilitate formation of a polymer particle or simply bind to a formed or forming polymer

particle, as discussed herein.



dormain, a binding protein, a binding protein fragnent, an anti body,
an anti body fragnment, an antibody heavy chain, an antibody |ight
chain, a single chain antibody, a single- domain antibody, a Fab

anti body fragnent, an Fc antibody fraéghent, an Fv antibody fragnent,
a F(ab')2 antibody fragnent, a Fab' antibody fragment, a single-chain
Fv 20 (scHupnaehbditynt tieagoentacidaguaimnkichadihght RN B AR bAmeAR

antigen, en et er.mi nant ane|toe a hapten, an

i munogen, mdlrecﬁ’l‘rﬁﬁﬁﬁdo‘a%gf PUgeR AT segPEe Goémg BPHLIF bg@rﬁg\ﬁawmea an
avi di n, a patticknha\cb@piises aoxﬁﬂtsﬁigraagaﬁmieadhd%gzdbﬁﬁm @ Qx?c)érfﬁmﬁ‘g @fafem
factor, {YBﬁ tor alr‘“r@‘i‘if%ﬂ?iior fragment, a receptor subunl

recept or SUSHAL PYYHgsRHe ?forPPﬁﬁFIHF%L@FGe qa@?ﬂiﬁﬂﬂeﬁig’fhdonm n, or a
conbi nati on thereof. Receptors involved in cellular 25 si gnal l'ing
are of parlh puesnsirodinmnethe pblynSlakids RIRPHAHEcE SAINTLS BrctiRPr&bdls cOupl ed
receptor S’Cl"ﬁﬁgﬁ%l cho i ne receptors, thronbopoetin receptors, nuclear
receptors, 7?0% IQ¥4NP8+s, steroid hornone receptors, epider mal
grow h factor receptors, toll receptors, toll-like receptors, nmannose

79 r eceptlvpre enbbiimeat tp bwir, acidasqB et e (&p@mﬁpt&le chbddthgl @ eRAL OF S,
T cell re ne rec G Fe recept ors or cyt oki ni ne
receptors%ﬁpﬁgfﬁgw?fsg‘samf%gﬁs%&@g 'tﬁlﬁ‘g%lfslog ths AR a0l @a¥HRS ¢ / cDNA
Li brari es escodmgamphagmmpkefobily rpyafbshatin egaEntethd phaindesiked size by
soni cation, DNase treatnment or shearing with a gauge needl e, for

exanpl®. fPfCAl Qﬂqeﬂ%e Igﬁno%gi\ﬁﬁ%g g%atfgﬁzo&}%% n%g?o mg%?legsc’g ghg ated

for a few secon ra ment
el ectr ophéﬁé%llpgﬁnqmndrrecﬂh @Sﬁd aghﬂﬁﬁ\étemnﬁusrfﬁgmaﬂaﬁdo a@@sdqeaﬁe t he

soni catio a nts he desired

| engt h cagn%g@g??ﬁ#y%%% E)rglfh%f asi %rgglg?nz g“?i‘%g% C@’é‘&iﬁﬁﬁ SRERCLh @

i nt ended desiredlengthghat faoilitatss. indeberidar: foling opthe fnse polypeptficsrBp a bi ndi ng
dormain, small fragnments could be used, while for identification of
genes encgpdﬂgg,n}gbg;gf afe TNy fer ed A
DNA library can be f for neﬁg%ﬁlaﬂ;&a%&gfa{cggf%éﬁﬁ%npﬁf %‘?ﬁdﬁ Cé’ﬁ

cel | ullar engsusion patuenie cordignouseithriheNitomimu of SasmincHorl seqekitd | ng DNA

fr agment Sebéink BEANISE, & Qurifs AR QU pLAST s and anneal ed via

their cohesive ends to formreconmbi nan

In one embodiment the amino acid sequence of the fusion protein encoding at least one

fusion partner is indirectly fused with the C-terminus of the amino acid sequence

encoding a synthase or a N-terminal synthase fragment through a peptide linker or spacer
20  of a desired length to facilitate independent folding of the fusion polypeptides.

In one embediment the amino acid sequence of the fusion polypeptide encoding at least
one fusion partner is contiguous with the N-terminus of the amino acid sequence

encoding a depolymerase, or a C-terminal depolymerase fragment.

One advantage of the fusion polypeptides according to the Ppresent invention is that the
25 modification of the proteins binding to the surface of the polymer particles does not affect
the functionality of the proteins involved in the formation of the polymer particles. For

example, the functionality of the polymer synthase is retained if a recombinant



A cDNA library can be formed by the sanme nethod by extracti ng mRNA
and malting a CcDNA copy catalysed by a reverse transcriptase enzyne
(Johnson et al., 1998). The single-stranded DNA nol ecul es are then
converted into doubl e-stranded DNA nof%ecul e by DNA pol ynerase and
cut with a restriction nuclease as descri bed above. 20 It should be
appar ent taehweriidy issased orithghe Nfterbiiel ond tRdeef tesitingin theqobdktich wfan t hen
be di gest j g%ﬁf‘]‘t usia {.Clek ucl ease . f or

exanpl e) trg&aJ é’ ﬁltgfr?ta{{ofis)% an e >§<i ;glﬁee SSl %no?« P{e%?g{%?' teshglg% |ﬁ1r? %‘%%%%%@ Ogél
library (CQugeiGn2@gbelespibe soprifd by thelfusior2 OiXlishortcoming may be offset by the

Library (@ _ Oisforico
P e e R T A e

provi dé a i$ prbseariy anhctivamgiedat e nol ecul es for use in the nethods of
the invention. Preferably, the regions of the nolecule knowmn to be

i mpor t ant -4 . f n.active sift a
protein bihﬁgﬁ%&gﬁ?gg%ﬁ&gg%l}%%ﬁlg a%%bg%ﬁg@oﬁtlﬁ% I %%&}slﬁ{g‘ﬂg%e@ﬁge be
r andoni sedouddaghedo]ynier partigledda thegiartialelfernting praeiteni ze ot her regi ons

of the nol ecule, such as those involved with formati on of secondary,

tertiary Qf ondtRofiRat e ShAME LA ﬁgyéﬁ&?ﬂﬁ%ﬂ@%f&ﬁé%r it & i rect ed

1
or random nut agenesi s nmay be enp enerat e

pol ynucl eot i deé1 which may then be ligated into plasmds for )
expression in &) net e Be mpdae aeid exqrensn thet.codesigne pariiele frning prejein,

ligatign into pl asnhésroteiaipion BepR&id BLARE d¥ai met hod
known to those of ski{g’rl0 in tf?ggla??@%neﬁerred, h vvg%{/aél%wi S

site-directed t agenesi s of  a nugl ei ¢ acid sequence encaoding a

protein of intérest CaK oREmILTC aid Frabrse et odessior an afidftiongldigsion
nut agenesi s are knguypeftideN@e addiﬁoﬁarﬁﬁbéé&l%ﬁ&&ﬁmﬁamhgyi ng

si ngl e-stranded phage such as ML3 to PCR-based techni ques. These

i nclude the foll ow t echpni ques.. raor-prone PCR js a process for
per forni ng PCR unde(fg)g coﬁ&?%ﬁ‘gﬁmgﬁ%&?ﬁ&rﬂﬂw ﬁﬁtelnftba&&gpﬁfe%‘? t he
DNA pol ymerase is | ow, gulyhei peaticlabihdighdsmadis, aqfartR@ Bimifp batdig@sai S
obt ai gd along the entire Jb'qu}gglj*mc t he PCR product. Leung, D. W, et
al ., T&chnique, 15 1:11°94BOPqE8dhereahfos| dwell, R C. & Joyce G F.,

PCR Met hods Applic., 2:28-33 (1992).
®) a fusion partner comprising at least one polypeptide or at least one

binding domain or one or more coupling reagents or a combination

thereof, or

(c) a fusion partner comprising at least one polypeptide and at least
20 one binding domain or one or more coupling reagents or a

combination thereof, or
(d)  atleast one reporter peptide or affinity purification peptide, or
(3)  any combination of two or more thereof}

In one embodiment the reporter peptide is a fluorescent peptide or a reporter enzyme.

PO LY S Yatlal



A i gonucl eotide directed nutagenesis is a process which allows for
t he generation of site- specific nutations in any cloned DNA segnent
of interest. Reidhaar-Ason, J. F. & Sauer, R T., et al., Science,
241:53-57 (1988). 20 Assenbly PCR is ggprocess which involves the
assenbly of a PCR product froma mxture of smal | DNA fragrrents A
| arge nunb rall .n the
sane vi al, ﬁ]rvantg hmghéliu@ﬁt%%tieg%’?%ﬁﬁélsggg% I 'on larclﬂ’r%uﬁﬁlﬁsﬁ’eﬁﬁp%uct s of
anot her repl@mﬁ@tﬁse Sewwdhseﬂlﬁ gmgh dgeresniprétaih §6FRNown as " DNA
shuffling"”) refers to forced honol ogous 25 reconbination between DNA
mol ecul es Rfshd!x'lcfﬁeea[ Rkiafl thafHnd b b
caused by random f ngrﬁgnt atalp{on o?ng{eﬁ IﬁBﬁ& %é%sﬁﬁ%%&gg% E{é%uence
horol ogy, &Y bedependsyt dnjthearileomnf génetshpienres §stby pucldiyaqd cqmmmedxm #Rsi on
|n a PGR rgachih! 9L A0747- 10751, (1994) .
i Vo don e Eitay uielien 1 e BRI PARASARER Yt  ons
| n any cl opretirlOnadiog dothain m%%fouhmgmmbdmmﬁﬂsmgmmﬂm@aﬁmm of the

the Dra r aosmitis R Afles d B bof B E ne Bb e T e Rifmdr ©
random nut @sipw polypspédd ¢tmpnsih1gat leefst apawhéldbmghpg dpasiapt a pdeticipagaingng t he

mut at | ons R s BASTERAE Binkie o iR A S sfe B

r epl aclthg aidiivasllproteig iwhwhoriayé)edmuhlomrﬂhﬁtaﬂdﬁiﬂed}bl&e exfrbLelihehaniibn a
synt hetic %ﬁ%@&d eotide "cassette" that differs fromthe native
sequence. I'gonucl eoti de often contains conpletely and/ or
partially random zed native sequence. 10 Recursive ensenbl e

mut agenesils cpetmbesliment the adflijondl proteif Hrelprtot fedma eajcla écﬁnmr@rémm@tfel n
mut agenesq%% 95&2}% gﬁ&dmt 1@60%%85 eg{ovfgcﬂ?tg epocf% d}ﬁgl}tg&ayinﬁ 05?%‘3#%?1% i d

phenotyplca ted nu an Whose fre
sequence. Wspfktbs,h@dlsmsm ahovfee éxziﬂmﬁmbmdmhaamt snuldtbe newsdatyoth order the

success v r S Ie nmut a Arkin, A P
and nguvgﬁa&g %g@ﬂﬁg‘éﬁ@%%@ﬁ% t§§)8ﬂ7:3t%§ 3@6% F‘iﬂ:{ﬁ%@lﬁ%ﬂentl al
ensenbl e m@i)avgmfe& S is a process for generatl ng conbi natori al
libraries wth a high percentage of unique and functional nutants,

wher ei n snRbhe GhRYRARer®fhe particle binding domain or a particle forming protein comprising
a particle binding domain may be directly fised to the polypeptide. The term “directly

fused” is used herein to indicate where two or more peptides are linked via peptide bonds.

20 It may also be possible to form a particle wherein the particle comprises at least two
distinet fusion polypeptides that ate bound to the polymer core. For example, a first
fusion polypeptide comprising a particle binding domain or a particle forming protein
comprising a particle binding domain fused to a peptide library could be bound to the
polymer core. In addition to this, at least one additional fusion polypeptide could be

25 bound to the polymer core at a different site to said first protein. The additional fusion
polypeptide may include a particle forming protein, a fusion polypeptide, a reporter

peptide or an affinity purification peptide as discussed above.



residues are randomi zed in parallel to identify, at each altered

position, amno acids which lead to functional proteins, Del egrave,
S. and Youvan, D. C., Biotechnology Research, 11:1548-1552 (1993);
and random and site-directed mut agenddis, Ar nol d, F. 20 H, Current
Opi ni on in Biotechnol ogy, 4:450-455 (1993). Anti body Library Large
| i brari es Ipénevdioltiynedt thp axirdssibh yonstym n&b{pmssambhb@dyref@a’dbjmbng sites,

or par at opes can be construct |eId|n Ia e librarie
nonocl ona XI%{E%SIOB&&I?S&Y&“H%P%%“@ “@bcpg%exgﬁ'ase PHHASY B]eei Iqql}él ties

(Fel dhaus gagid-ishiggst. 2004; Tri bbick G 2002). Pr oducti on of
antibody libraries is reviewed in Adda et al (2002) A I|brary may be

created by insertin i brar. an om ol i gonu a cDNA
library entyispe 3%“%%8?‘??335 %cltjéshexgles " thoape%em%fy tga pl asmi d.
As a r esukkpreilcbibuct!is Bpadsiedsn tzhﬁtgsmpmbeﬁi freechixmessim ephi des can be
constructed. 82 The diversity of a conbinatorial antibody library
can be in ease uffll I i , by
i Tering ThO SBBrEIRn et T e A by RERRLSRER sub PPl dpRRIES

cl oned hear/ynednmune geneandk ntt@atéd tatosthy/ hahekiltggnome. hoalcisesgexprsdam
mut ati ons | rary b LLroL-prone | ymer ase chain reactions
(PCR). 5 fiit ecé’ﬁ & eé“ﬁr %‘g’%‘ﬁ Saede ?n g !Ef%'ﬁ of an i munogl obul i n
light chain gene for the purpose of producing |ight chain gene

l'i brari esIfore mdmntﬁhﬁbxmasswm ronatredy flvdhangncodea ahleast ereens!didintal desien

l'i br arnies I I

| numariSep oD PR il AR BR R SHRISBRRERBREE o\ on
of an i noumpuapingoagarticld blgtﬁrng déradimaglst Eakhyonp ot momerod s parGplaifermingact i on
Spl 1 od PCERPT YO P P 2ryER YRR A0 pBRad AR |10,
chai n gends&cusitii sbovesol ated |i brary of nutagenised |i ght chai n genes,
in conbination with one or nore heavy chain genes, can be used to
forma c¢ ht
I e G e A o e
chai n 1By Rdditenshexpressigh mlb@qunwémgtaﬂa@t@w aggitioes fustaniglypptidgeavy
chal 0 CORZoL 604 %gagafm&e BBl Bodli bi's faidi CBnRhe Brotéin b AHAIR SRANRNCE

of am no aci trrnucfteoti
binding domain and at least one or more of a particle forrmng protein, a fusion

polypeptide, a reporter peptide or an affinity purification peptide as discussed above.

In one embodiment the expression construct comprises an expression construct binding
20  peptide binding domain. Preferably the expression construct binding peptide and the
expression construct binding peptide binding domain are unique to a single expression

construct or group of expression constructs.

Preferably the peptide to enable affinity purification is unique to a single expression

construct or group of expression constructs.

25  Plasmids useful herein are shown in the Figures and are described in detail in published
PCT International Application WO 2004020623 (Bernd Rehm) which is incorporated by

reference.



Al ternatively, any PCR nethod could be used that generates

pol ynucl eoti des encodi ng polypeptides. In addition sonication of DNA
can al so be used to produce DNA fragnents. Synthetic Peptides 20
Peptide libraries may be prepared thfdugh chem cal synthesis of

ol i gonucl eoti des according to known techniques. Diversity may be

i ntroduceg by]yﬁhgéﬂgwg (ﬁ ghion mxtures used or by enploying
error prone synthetic S or enzynes. Suitable t echni ques used in
nicroarra formation are reV|emed by Sel i

"Arrays oPng el ihe EFewiongeiastiodiplayag an ?fﬁ‘iemnﬁﬁ‘?l? @ﬁg/g‘iddjeﬂ o el c

aC' ds 25 ¢. 5&@0&19&% mbgaahfenfh@ﬁrmeﬁmtraaﬂa@m pmduzﬁtﬁﬁofpé()ﬁ')er B%Be185or and
ari , n situ synt hesi s ofgg 8 Ieot| de

m cr oar r a@lﬁﬂlaylﬁ @ﬁ@PWP@?&PGPQ%Md epiisy liyraesgging 8 § of the
nmet hods descri bed above, enrichnent processes, such as PCR, could be

used to fpiptdigds fbl%ﬁbcﬁfcﬁlg%é I Mbiativs @u%@l@mnd& re@dbngahpler ar y
nmenbers of interest. (glﬁesa on  Construct I’eSSI on. fg%{Parlgl cle

Product i oﬁmﬁﬂekw%éﬂ%?sz )t tEISHE %ﬁeqefa a‘a@gﬂf?%’

achi eve Ogegyhﬁé%%ﬁééjrééﬁloﬁﬁb&}}?thét 18 kRVASIR IR arEenshd aagflGyet o fdnerateast
cell. Xpression can be achieved by i) use of a strong pronoter

system fB‘?Pﬂé&hbrﬁll)’éotﬁ@iﬂYﬁCF@@%Eﬂbe%@nﬁ?ﬁlﬁﬁt er system; ii) use
of a hjgh copy nunber plasm d, for exanple a plasm d containing the

col El ori gigap@fe hb&e@phgeﬁathm@ﬁl By ueq::repa&mhni the adtirogenofic tduepleresis efeger
RNA, for exarrpl e through use of fugl on quences. Th etﬂ?gneflts of

over expr e@@?@ﬁnﬁﬁﬁp‘mlﬁbw@‘t@ﬂ T PrEAG FPW e'sl?f"él‘rfnl 85auEes (Hal PEQISEE her e

desired apgididsr iReRdyAlliepnriedly fe Bédide libntiNMer beodn epgihyered 11‘t|irat1yt| cl es.
The formation of Polyhydr oxyal kanqat e &P@W%tg articles and

pr ot ei ns ity dlibrariesipny; he mtgndueed jusine QUEHF dlﬁﬁa}ugagﬁnesf L.

et al, 'V?bﬁfaﬁ& (Yo ﬁ@%é“r@zﬁ:hbx@&n@ﬁre Beixé Smtilayies sligpaldaanaat es) :  From
DNA to Plastic K/I crobi ol ogy and Mbl ecul ar Bi ol ogy Revielvs,

(1999), 63(l 53; i shed PCT | nternpat.ion | i
200402062§°@231 ?é@f‘%ﬂsgég‘ﬁ Fein HHod CRBRACE. °°£F E‘?&“ Ofa‘i‘ﬁégpé?ﬁ%% ‘@;@/ S hases:
nat ur gk Caéaidy sésprises a pﬂo&iﬁ, b @fotein frBiromharhinting doaﬁﬁl?,)l Iar@i-@v(rﬂj)nng 33,
Br ockel bank JA. et al e@oglbﬁg nviron tgl al b20 A g"dé% b
ahead of fPaipya bipdipgpot Mﬁ%ﬂ?n ER SR IS 506
Mar ; 72( 3) aézlﬁﬂmﬁﬁheaay o R sniBaCK S Olfdin, daigleAbin ankekpardingmd Ber nd
H A' domam antibody, a Fab antibody fragment, an Fc antibody fragment, an Fv antibody
fragment, a F(ab’)2 antibody fragment, a Fab’ antibody fragment, a single-chain Fv

20 (scFv) antibody fragment, an antibody binding domain, an antigen, an antigenic

determinant, an epitope, a hapten, an immunogen, an immunogen fragment, biotin, a
biotin derivative, an avidin, a streptavidin, a substrate, an enzyme, an abzyme, a co-
factor, a receptor, a receptor fragment, a receptor subunit, a receptor subunit fragment, an
inhibitor, a coupling domain, or a combination thereof. Receptors involved in cellular

25  signalling are of particular interest.

Such receptors comprise G-protein-coupled receptors, acetylcholine receptors,
thrombopoetin receptors, nuclear receptors, chemokine receptors, steroid hormone

receptors, epidermal growth factor receptors, toll receptors, toll-like receptors, mannose



[in press] and Rehm BHA " Bi opol yester particles produced by m crobes
or using 20 polyester synthases: self assenbly and potenti al
applications” in Mcrobial Biotechnology: biological self-assenbly
systens and bi opol yner-based nanostri@tures (Rehm BHA, Ed) Horizon
Bi osci ence (2006), all of which are herein incorporated by

r ef er ence recilor8 IMVEfebditts, GRS hENIAE reapford) NMRAresp ek, el reagsdrar m ng a
host cell wi'th the expression 25 co@_ruct?p?orrpr' sibq a nu%lggi c acid
sequence BHEWEP FEERITRUET &R T55EPIIS O P BRI LITEF € PRgd & g%eFf‘?eEﬁ %i ndi ng
domai n or ja p@gtab&lee formng protein conprising a particle binding
domain and at | east one fusion partner conprising: 84 (1) at |east
one bi nding domai r..one or nore coupling reagents or a conbination
t her eof , S’Fé”‘(”?n?%\é}v“?ééé"f"’edne pol ypeptide; or (3) a conbination
thereof. 5 Follow ng transformation, the transformed host cell is

cul tured dheeioseoadNA ang bs thgadite to & desirek gireigsionivativin, Diaseftipgitgsnt

pol ypeptides from.the expression conlstructs and for formation of

pol yner p&Ffﬁﬁe?:"f“@é".” s g@t@%%mgghpri se those suitable for
expression of the chosen expression construct, such as a plasmd in
a sui t abl Sonicgianhsnthasivantegdkthaharsampla carthe snicatedfos ¢ifesy ssgonss, the sui t abl e
substrate i n the culture nedi rd.J . } tein
componant Hapmst g eSO TEIL B AR, Mifie AR cflfhs %&%ﬁ@i@{ Bl

cel | s compid sshibagioaxpt @sidy barepaitrst Thnstfsgmeats Sk desijed lorahisariensibibg

known .i.n the. a e. g..Sanbropk et . M alo R

Labor ator ?EW‘EJ;FIM gﬁﬁ%sggfg%g?% °§§1Fei I?\%ndeﬁlawrpelb%ﬁ r er%rg, ﬁ%@% u? P ‘%EOSSS bel
et al., CitoenpaBioigabhmin, malbfregmehtacoBi bt vspyd, widhedonidentBigigiongii ng,
1987) for reconbinant .producti on of I incles for use in
processes E6F% eji%“i“ﬁ@”ﬁﬁ@é’éﬁf’m?’Egéeﬁtfﬁa%ﬁ? SX%E P%ge;r{ehbne fatty acid with
functional side groups is preferably introduced into the culture
medi um as ZDNAbrarptan Hedormaddyfdigentingibeth aaflasutid ggompead cgller Phles

wi th at l eaﬁ'xttlat?s%%e T ery"ag% %ﬂqu@atsé {fh@?eisﬁti Alg e{ng %&tth&%d&ﬁﬁ @bt o
fatty aci d"and7? 6r°at T east one (i-amno fatty aci d particularly
pr ef erlabl yub@isnmdsi ant poweicé dia Hahatohgsiveshdiso firnhreeamidsdnp RAIA- si de
A cDNA library can be formed by the same method by extracting mRNA. and making a
cDNA copy catalysed by a reverse transcriptase enzyme (J ohnson et al,, 1998). The
single-stranded DNA molecules are then converted into double-stranded DNA molecule

by DNA polymerase and cut with a restriction nuclease as described above.

20 It should be apparent that any selection of DNA or RNA that can isolated can then be
digested into fragments (using a restriction nuclease for example) to generate an

expression library encoding a peptide library (Cho G 2000; Wilson D et al., 2001).
Randomisation/Mutagenesis

One or more polypeptides fiom one or more families of molecules could be
25  advantageously randomised to provide a library of candidate molecules for use in the
methods of the invention. Preferably, the regions of the molecule known to be important

for a particular function, such as an active site, a protein binding site or a nucleic acid



20 groups" should be taken to nean saturated or unsaturated fatty
acids. These also include fatty acids containing functional side
groups which are selected fromthe group conprising nethyl groups,
al kyl groups, hydroxyl groups, phenyBCGgroups, sulthydryl groups,
primary, secondary and tertiary am no groups, aldehyde groups, keto

groups, ﬁhg}ﬂﬁé 519:r Y De 1&1@6{9@&@’ Io9/eRt PiS mafh£&dsREbl SoQbRBmidehiipest er
groups, carboxylic acid am de 25 graups,. hem acet al 8%4%@[;) acet al

gr oups, mg@ph@ﬁtbe wplaeds suoh ag iospEveliel WibopRaioa of s HBUYs. Use
of the su?i Lh& Hdeterm ned by the desired conposition and the
desired p pertles o "the polymer core. 85 Polyner particles with a
di fferent conposition of the polynmers formng theme ﬁ% dHfferent
nechanlcaTm%ﬁﬁﬂﬁﬁP¢E§Sﬁh@“ﬁ@ﬁ@égﬁlﬁP&F@@@%ﬁﬁ%VwéﬁfFW TEUOFAATRs, in

parti cal %uta%%ﬁ%ﬁ&é&lﬂ&%bhﬁﬁh@’ﬁeﬂ Ekgig@ﬁﬂ%ﬂb glgs@ids tirfekestvh i at es.
For exanpl particles nposed C 14 3-hydroxy fatty

aci ds ethbﬁhtﬁg af%? gwwwnat@a%fenﬁéwﬁw h@@&fr“é’éfﬁﬂ’ 1%1i%: due to the | ow

crystallinity of the polyner. An increase in the nolar ratio of

pol yner  £RBSbhd M bepevbintdbelaay néhby khawiQe tigiselef ilbinnise 2 Ptefiered,
pol ynmer backbone usual |y reduces c%§stallln|t and results Jn gmor e

pr onouncefPvEVEL Estﬁﬁtﬁﬁd}rﬁc"eiﬁlr%‘ﬁ%@efl?sé?f agicleig apif SPIUPRRG SNeA ARt

CoOMposi t i Pikrdsh 2HGRMH @ﬂﬁ&hdﬂs 253 slt@-@néh"t&ﬁﬁ&éged%&%rb To@dv iR theeet, from
invention, it is _accor |nqu possi ble ta I nfl

b1 063 IR oy R B AR Tk BMAL e HREongt apiget e

rel ease rgabpdf gk IRLQGEGRIGuYs: active substances, in particul ar
pharmaceutically active or skin-care |ngred|ents In order to

achi eve still ccurate cont he .si ze t he I core
forned, t ﬁgor"%r%%g?gfs@ BRRFser %eﬁ%’érﬂmg d?,rlﬁoﬁ} r@ﬁf&% X(%%lg
quantity sugiy bidé DNA po$yn$elﬂ§s§ mwmucm fhat Elighitaee cfpoint alutatibngibe si ze of
t he pol yner core. S na y

exerting §?W¥¢d%Wﬁ%£%Wﬁ%%¥?ﬂﬁ %@ﬁ?g L8§g$$ ﬁ% @? g££$ﬁ@

subst 8t e 191-151e9s9Y AR TRIVRIITR X & SoydB . EQP@RIMM%‘ AlppHs]2: 28183
optionally substituted am no acid, Iactate ester or saturated or

unsat ur at 9?htty acid, preferably acetyl-CoA. The polyner particle
may conprise a pol ymer selected'fron1po|y-beta-anino aci ds, ‘
pol yl act aDgigompRbiddiieasd mutaganss 3al prestserisch Mosts fprted geamatatign efisae-

POl YTer oD, S5 1295 ROl IUaL ARl K ARRR AR s BLSHLADL ¥, &

Sauer, R. T, et al,, Science, 241:53-57 (1988).

20 Assembly PCR is a process which involves the assembly of a PCR product from a
mixture of smajl DNA fragments. A large mmmber of different PCR reactions occur in
parallel in the same vial, with the products of one reaction priming the products of

another reaction.

Sexual PCR mutagenesis (also known as “DNA shuffling”) refers to forced homologous
25  recombination between DNA molecules of different but highly related DNA. sequence in

vitro, caused by random fragmentation of the DNA molecule based on sequence

homology, followed by fixation of the crossover by primer extension in a PCR reaction.

Stemmer, W. P., PNAS, USA, 91:10747-10751 (1994).



In one enbodi nent a | abel or a | abeled substrate is provided in the
substrate m xture so that the label is incorporated into the polyner
particle during polyner particle formation, or is allowed to diffuse
into the polyner particle. Preferabl§lthe |abel is a coloured or
fluorescent nol ecule, a radioi sotope, or one or nore netal ions.

Pr ef er abl ¥, Jhentakatads 2 prosasb st geabtingd raddbnauiiuiadoman ahy dlaet NS ofest er
or saturated or unsaturated fatty %9%53 gr_efera,bl%;j/‘i‘f,j aéqtﬁl-CbA. The
use of relBrEEPhighiwelypUle mgpapahen ARONGyRE ST PLferd Mab Bt i f y
conponent gyu@fionsiiAbeY G Hord STHEDNAKBI bathival§) € hadet mlubdtdrs aponslhage £5 et
al., 2004). 86 In one enbodi nent the(gartlcle fornlqﬁagrgﬁ i,nis
abl e to fHehsr padomarutyioneqte fhag thelof aouldiypspaegnt tHEPIeERPS poge

pol ymes  pahdse kEaifl WG DY RREMIRAIH RlitafoSURSHiA B DMK, a _
derivative of a substrate. anpl es of such particle form ng proteins

i ncl ude polyner synthases, particularly P ol nt hgs

Al t er nat i Sasissite muyfasenesisis eprécqgéfw ngﬁﬁakag‘??%?‘?@%%{%agaﬂ g?‘ﬁ@ﬁéﬁ yImer
par ti cl esmBcflaGith hlspithdld ofibRubiosinBtEtuef that by We thpadive cl e by
facilitating polynerisation, for exanple. P?I‘tl ?l e fglﬁy?g}q ) teins

that are seqpyge-{Tdephequrlpeiids ofen spminssamplsely andias aar izeg o
action of n@itushegepol ypeptide conprising a particle formng protein
useful herein Tesults in the formation of a polyner particle such as

that shown in_ Figure_ 1. Fiqgure 10 sho a. schenmati c overvi§m/of an
0 vi 90 pRECRREFISRA PRt e DR AIROLTAL LTS BT g Py
encapsul agetghitsid) RPASRIA bridicte ABRAL PYRilatioaN 6l ghstotprietle eisedmatahts pi ds
whi ch are associ ated_w th the $§‘rti cle, bountg i ther éo he .core or

t he phospwbpae;s!ileanbemfﬁgrré%wpoal BRRFRCePOHS efpod et £ e ‘%“%F&%%R?&lé‘&‘ for
use in thg doieRhiéceaivERYuiaYE08BMaRkial diRkee SlitabhRsik.oakin asP.i=dént i fi ed
in Figure_1. 15 The_additi onal lE}gréiclezsorn‘i ng protein can be any
protein t Ka¥vapsPce & OF A S B lkA ]isn(b99 ‘he met abolismleading to the
formati on of the polyner particle. Figure 2 shows an exanpl e of

synt hesi sEgfonantfudbnsemble pastdgends® id apibtesefve paphting cenkingtbyal iibrgesed t o

2ord ( Prephe Bedabitad SARanY Y der bl e SRR B R Y SR he
subst r at erqpiaéydre odomitdtiein Gérall@ pe@entd atigdch alieredPpiBitiom, amino acids
(3~ hydr oxyput 0o G RSt hnal fistetnt 1ot R, il Y08 SX0 OSSRt S 11
Research, 11:1548-1552 (1993); and random and site-directed mutagenesis, Arnold, F.
20  H., Current Opinion in Biotechnology, 4:450-455 (1993). '

Antibody Library

Large libraries of wholly or partially synthetic antibody combining sites, or paratopes,

can be constructed yielding large libraries of monoclonal antibodies having diverse and

novel immunospecificities (Feldhaus and Siegel 2004; Tribbick G 2002). Production of
25  antibody libraries is reviewed in Adda et al (2002).

A library may be created by inserting a library of random oligonucleotides or a cDNA
library encoding antibody fragment such as Vj, and Vg into a plasmid. As a result, peptide

libraries that contain diverse peptides can be constructed.



formati on of a polyner particle with the particle form ng proteins
bound to the surface thereof, preferably the outer surface of the
pol ynmer core or the phospholipid nonolayer. A nucleic acid sequence
encoding a particle form ng protein cgm be selected such that it
codes for a thiolase, a reductase or a polyner synthase. A polyner
synt hase i Thelddkfity bPa eRntifat Y i btk | f al ysing
the final step ?Sg? f%r'mati on o?ﬁggﬁ%ﬁw}%&%?ﬁ%@?Eg%%%?%%ggﬁtlﬁ“i/rrer
. synt hases Mge8car bight dhainighesspiyedtenng thnteeniéroemtarilpdetatrinng phioh e
pol ymer mayprEOLrEX At : a lipase. ln one
enbodi rregf( thes)ad i t1ona * a@%?%?‘?gpg@%ﬁ‘%ﬁgﬁng%ﬁéi‘%ﬁﬁd CHRPPURY from
t he fam | yn@§tion v ihe libjakebyprot-gions papeias: ghpiafrercidrisyPSR).ect ed from
the group conprising the phasin gene 87 phaP from Ral stonia eutropha
and the phashfnted\@n b afauédaam BERUAANRR i in P3SHR, ar €
anphi philic pgrbot ei ng W t.ﬁ a_nol ?(:Ru_l ar m%%%@gﬁgkgﬂt%%m%gpﬁg%ﬂ\ﬁ/\%i ch
bi nd ti gluRpse &f proskicing lielsshan eencdibrarige Br ofe in hempiodtiomevithimetyi dbies. | n
one enbodiaRRting BGeRBktiLCl n P fa0 o P ol,ymer
synt hase, sel egtgﬁw 5 ¥ or%%{idngo g@lﬁ%@ﬁgﬁg‘?‘é&?%&lﬁﬁgﬁ‘g& ed fromthe
group conpgpesgecfigiesy mbe meihnd bengnwises anyphifing & GDRgkéon ?Pan ol eovor ans,
P. putidag,R Lol i A ata or. MCa sa pfennigii.
I n one errt])qdimr}r(gggt the&%%?%@&%%@%ﬁ%%%éhﬁﬁ Tgaqtign rlisi%glage%ﬁ ndi ng
domai n'0selpEBeeeligonrdentitihandphen st lihermhiptigicd GIR i $oraf a itherypar ti cl e

form ng prokel ' e. . 10 Thg.expressjon constructs can
be transf ect%ledIEl ?e;}i? glﬁg&h%gt?ﬂ%g%{ tohpErnsy ’2@11 }S@ﬁtgé ﬁ%‘é’{y Ogé‘H%agie’é‘seﬁﬁlg t
bact eri al cksi genes, i comgfiinatioh wjth peastmare héavy ahgih geres,eeh be usaiid EEET

|1 Ll : I i_sol . -h host
col 1 *sur LaR B Ry B R e e DBy . Such as

G am negative or G am_positive organisns, for exanple,
Ent er obac te¥miyaheticaghodydibrry eashjosedafisingleschEin FodlagmaSs sduldbans ar e

publi gky ayaihakl HGHe 8 it 14,8 9 JCC .31, 446) ;

E. coli X776 (ATCC 31%@7f E‘VE?R%%Fﬁétrrééﬁ&ﬁ&%%%?&%&egﬁ )" and
K5 772 (Aragomsauens)of aminharidsuiingitihelqptidkendgot.i ¢ host cel s incl ude
Ent er obact eri aceae such as Escherichia, e.g., E. coli, Enterobacter,
Erwi ni a, Kirehstively, aay FrOLRES oAk RSN s leRcadi

t yphi muri uri] Ser. r}Jat iya,, e.g., cSer ratia mar%egglggﬁg?lﬁglﬁgggﬁésﬁgﬂdgg as
wel | as DPolypeptides. In addition sonication of DNA can also be used to produce DNA fragments.

Synthetic Pepiides

20 Peptide libraries may be prepared through chemical synthesis of oligonucleotides
according to known techniques. Diversity may be introduced by varying the reaction

mixtures used or by employing error prone synthetic methods or enzymes.

Suitable techniques used in microarray formation are reviewed by Seliger H, Hinz M,
Happ E., “Arrays of immobilized oligonucleotides--contributions to nucleic acids

25 technology”, Curr Pharm Biotechnol., 2003, 4(6):379-95; and Gao X, Gulari E, Zhou X.,
“In situ synthesis of oligonucleotide microarrays”, Biopolymers, 2004, 73(5):579-96.



20 Bacilli such as B. subtilis and B. licheniform s, Pseudononas such
as P. aeruginosa, and Actinomycetes such as Sheptonyces,
Rhodococcus, Corynebacterium and Mcobaterium In sone enbodi nents
E. coli strain WB110 rmay be used beca8i3e it is a conmon host strain
for reconbi nant DNA product fernentations. Preferably, the host cell

secretes Porafy of theneA0RLIREGTHRS afve RALNMINE PO BskY¥BRiIch ROFCTE X8R bLE .
strain W8110 ,ma géar_rr%geifi ed to effect, a genetic nutation in the
genes encolfieA{ %‘F O B BrBIsicaside RerOHigE dibragy mpmbesx afripleat of
such hosts including E. coli WB110 strain 1A2, which has the conplete

genotype t4&nA ;ExpressiohiCo@hil® Expfa@iion SfPartlticdhoBagionhe conpl ete
genotype tonA ptr3; 88 E. colt WB110 strain 27C7 (ATCC 55, 244),

whi ch has t enotype .tonA ptr3 . .phoA E15 (a7gE-l ac) 169
dogp ompt PAPFEAERELAROTINBRE ) RS e Bl Rt S T e ot e
genot ype t oplespion Supheh ikt hostreglF- Oeay:piasidech templicvddy iy dsv 6F kan; E.
Fesi stant HRBEPETGET SPIoBh Mt ERIa e TRk TSrePE BGRR: Bl of

eul car yot i high copybembaptaimid; firickaffla b plasmidudgingls Heast] &ign ofSUi t abl e
cl oning or elxcblr.essi. n_hgsts far use in t thoc%s of the 1 nyention.
Sacchar or ny@&&U¥EFd S&bggati‘qél Qgﬂl?dﬂ‘??ﬁfﬁ‘ﬁ?f of GrRipledbrousty e pEfupiga

mi cr oor gandegmncesOTheb@efi of beteexPeItiZORACA A O RAS:RA bNEREBsRtdesand -
Nur se, ture, .290:; ]d40 1(?81 ; 10 EP 139,383 published 2 May 1985);
Kl uyvel%r nviéeégdel%%qaél (s, i%? ”195%%‘?#& er puIghes obprgymerpegigleset  al . |

Bi o/ Technol ogy, 9:968-975 (1991)) such as, e.g., K lactis (MW®8-8C,
CBS683, CBB#Swhatiboof @ity diokyatitanaite (PHI) gaaiies ahdbf the fotb{id JrvéBéd 72

W cket g ni 1t RO oot fate Lt el by B ekesti s G ar um
(ATCC 36, 90@oxyikendates) Beng [BIA ad PlastBl,okEes iy oy Molduli 3% 1990) )

K. thernzogol er | nar xi.a - Lyarr owm 40 - Pichia

pastors ( dta 0re Wi SRR PG ettty Papbionbss

28: 265527 §Bed&8hh); andReigh BaH. AT, FRIpdRs ﬁS&;l‘cHa%Sﬂla'ﬂurﬁlEBta%ﬂ ,f&ipfﬁsﬁcs”,

Neur ospor a,cr.ass . Proc .. Acad._ Sci. USA

76: 5250- 52%%"719’%3 @ﬁ(%%?‘f %E%@\)aﬁ#ﬁ% Pﬁ‘gF%%lBa“éN‘aléhe ; ‘%Bﬂ\ﬁéﬂﬁ‘?’blmc GPigh2006

occi dent al Awg I5ERp@OehenBH ppinit)] PeidieV BRelk BODSIpL 8990w MiBRdslol. asent ous

fungi suc gr%2(3):1777-83; B. Thomas Béckstrém, Jane A Brockelbank and Bernd H.A. Rehm
[in press] and Rehm BHA “Biopolyester particles produced by microbes or using

20 polyester synthases: self assembly and potential applications” in Microbial
Biotechnology: biological self-assembly systems and biopolymer-based nanostructures

(Rehm BHA, Ed) Horizon Bioscience (2006), all of which are herein incorporated by
reference.

An expression construct can be expressed by transforming a host cell with the expression
25 construct comprising a nucleic acid sequence encoding a fusion polypeptide comprising a
particle binding domain or a particle forming protein comprising a particle binding

domain and at least one fusion partner comprising;



20 e.g., Neurospora, Penicillium Tol ypocladium (WO 91/ 00357
publ i shed 10 January 1991), and Aspergillus hosts such as A

ni dul ans (Bal |l ance et al., Biochem Biophys. Res. Comun.,
112: 284-289 [1983]; Tilburn et al., &bne, 26:205-221 [1983]; Yelton
et al., Proc. Natl. Acad. Sci. USA, 81: 1470-1474 [1984]) and A

ni ger (Kelly agl Hingi ondWfihdomdhi 67630 47 Bl L9l el ot ropi ¢
yeasts are suitable herein and” conpri se 25 yeast capable of growth on
met hanol sel ected fepwhiptig thwerdr® consi sting of Hansenula, Candida,
Kl oeckera, Pichia, Saccharwnyces, Torul opsis, and Rhodotorula. A list
of specific speci gpichdiahe & ngd ary of this class of yeasts may
be found in C.@%nt hony, 'Ilﬁg}%B?%%hem stry of Methyl otrophs, 269
(1982). Exanples of invertebrate host cells include insect cells such
as Drosophila @ afdomegalgsdieiptiera sf9, as well as plant cells, such
as cell cultures of cotton, corn, potato, 89 soybean, petunia,

tomat 05 aRdldvihgranfordiive] the falsdenkdiost edll is tultirgsisnderconditiorastidabéend

correspondin erm ssive.insect host cells fr 0 as '
Spodopt er gorfegﬂgqst?&ogg‘e\ﬁ(sboé’tpé’fyﬁf%ﬁ’tfdg? om ea%‘?%%@y%f’&“?ﬁ%ﬁ%ﬁﬁrt 0), Aedes
al bopi ct usorfpEREORfipbEner faraep Sutlbcondkbanagasbeiofelsoiiibld foy $xpresidn
Bonbyx norj have been identified. A vaEi etdy. of '¥ib al strains lglfw%r
Lr ansf ect PHRS SHECHUBIPEryCoRiEich Shities 2@layme i soiable st 315 o
Aut ogr apha & hit.f Protikien of NRMa6l8 eutishete BNth& cstturainedioflidBetimypartidy i NPV,

and such viruses maybe used as the .virus herein accordi.ng to the
present i FRFEHRE BAEnSIRPITER] oA ICIIH?OIWB’?'I%#%EW Oofnet Jggg'pt era

fiugi perda cells. Exanples of useful manmalian host cell lines are
monkey ki thostycelBeolnpkising etprasioh oonvirdcts 46 ukpful BviBtho GO IAmos R GChertt

1651); h ' j j 3 2 I | f
arout b 1 n(GaSFEREVRR Bl ol haronron Yafigl A PEI0A SaR, o'
(1977)); HatdoyPleays985r; Adsahrbyt of eClisent PidiGeo AT o0l aiBiploghifimese

hanst I - DHFR (. laub_ et al. P I

Sei - Usa FobUbEE 1RaHEN eom e Eboalo Bl ot BpPy vl B e Ao
Reprods 23ie2ddeR5dventl®B0) ) ; nonkey kidney cells (CVI ATCC 15 CCL 70);
African green nonkey kidney cells (VERO 76, ATCC CRL-1587); human

cervi cal ci.no LS . A ! 2).. i i I'ls
(Voo st By B S T ond it gl et il ot el 68,
1442) : hugelurt mediunaek b subskdis & the formation of the polymer particles, with at least one

hydroxy fatty acid and/or at least one mercapto fatty acid and/or at least one f-amino

fatty acid particularly preferably being introduced. “Fatty acids with functional side

20  groups” should be taken to mean saturated or unsaturated fatty acids. These also include
fatty acids containing functional side groups which are selected from the group
comprising methyl groups, alkyl groups, hydroxy! groups, phenyl groups, sulfhydryl
groups, primary, secondary and tertiary amino gfoups, aldehyde groups, keto groups,
ether groups, carboxyl groups, O-ester groups, thioester groups, carboxylic acid amide

25  groups, hemiacetal groups, acetal groups, phosphate monoester groups and phosphate
diester groups. Use of the substrates is determined by the desired composition and the

desired properties of the polymer core.



ATCC CCL 75); human liver cells (Hep &, HB 8065); nouse mamrary
tumor (MMI 060562, ATCC CCL51); TRI cells (Mather et al., Annals

N. Y. Acad. Sci. 383:44-68 20 (1982)); MRC 5 cells; FS4 cells; and a
human hepatoma line (Hep &Q). In one gpbodi ment the host cell is a
cell with an oxidising cytosol, for exanple the E. coli Origam'
strain ( gpcg]% W th
a reduci Eglvcgg?ég)spgmhﬁ%f«gggpg%ﬁ coglﬁlai;l Olttﬂl'ﬁgaﬂgélts ?(%tl;ﬁl”fé t:ﬁeslﬁlp er ably
sel ect ed fHEpertmecchavel Brommﬁrané rwsmpb@@ﬁb’aﬂctlm@bﬁq@n%@ parizﬁllar

Pseudonon
sel ect ed fal?l g?nﬁ%ﬁdgﬁ%%g{tﬁe% 1‘rﬂlﬁ“gé ?nﬁg%%bes&ta {oe% ?%Oqgﬁa[n?ﬁgé %@f}h%f%gl{ﬁl genes
| at us, EscieamwpesHiod éxﬂlﬂ 3-11?91@% @ﬁﬁ@n@s eﬂﬁblhzg]mgh@mmm Hegracddtion

Pecudorpnacos HLRRRI AR AT, AR08 e uptas o gfpolmero
conpri ses dsosthuentsi Voﬁnola@m lergs sidh |ch¢1neamﬁhmaﬂm@clbla9kboaq3mh1@ reduces

ﬁir 8?3& Sgncf?%s?eﬁﬁ{@%% pesﬁts 1}? b%ge ﬁgquﬁ%?eg elas%rnelp & % Cxlﬁt?s? &%gc%{rgolli%i ]

genetic ke corap(mtmoﬁn zwaqndiuice vath tb@prd@ssn@scn‘ﬁaé imphe asentdglit ised to

enabl e. t he oduce the .particles are
i nt roduceda CLt%%‘glg@%és tle tg uence %(%P er%g‘} f}b‘h@r’g'&%.lﬁ" y?eépﬁrﬁggsaa“g&lb uce
pol ynel0 paaldoithd ekassirsth fdr(bmmgldaﬁy attiveafibstunsgapiaiphiticulabptatmatieitialty
protein, ahl }Qw eaSéer |sol ation and purification of the particles
fromthe LR LEF{F™ el ection of the at |east one further
nucl ei ¢ acid sequence which codes for a particle formng protein

al so makesﬁliordepbgshib\f'eesﬁﬂmdrchw@mntrtbi@f Qﬁb'&eqﬁ@npolgmm;mé fo'rm&ﬂ tfe

the poly t | nvol A t he
met abol i (r:rPS B‘éﬁﬁ{e d]a%g%fl deﬁ%ggq% c%lor mat%lﬁglﬁ1 ' ﬁ.'é%{)gfﬂﬁrrjédfﬁ bsasr me {es may -
have di f f emnsue cmmfﬂmmesﬁéwlﬂoimdrpmsﬁ Thif gichts dn fidditient pussabmyl fon

pr oductss olic pathway in order to

exert lt p%’%e}gsg%h 19{3%2&%2%38&5%’? YeP? subl Fates and nol ecul es invol ved
in the formatl on of the polyner particles. In principle, any

cul t ur abl eThsasbstrate pr thegybsisete midrefony comprijsra Hagoho pptivhaloiupsigted
particles gk QY1 MRARS e gh‘f-ur o) t he
host cell cannot "pr oduacertoh éﬁgi&%{epg |a?{ga}g1%ﬁ§%bf%aﬁ1g5%ol ymer

particles due to a different rretabol ism In such
The polymer particle may comprise a polymer selected from poly-beta-amino acids,

polylactates, polythioesters and polyesters. Most preferably the pelymer comprises
20  polyhydroxyalkanoate (PHA), preferably poly(3-hydroxybutyrate) (PHR).

In one embodiment a label or a labeled substrate is provided in the substrate mixture so
that the Jabel is incorporated into the polymer particle during polymer particle formation,
or is allowed to diffuse into the polymer particle. Preferably the label is a coloured or
fluorescent molecule, a radioisotope, or one or more metal ions. Preferably the Iabeled

25  substrate in an amino acid, lactate, ester or saturated or unsaturated faity acid, preferably
acetyl-CoA.

The use of reporter molecules such as tags, dyes or labels to identify components of

interest is well known in the art (Mitsopoulos G et al., 2004).



cases, the necessary substrates are added to the culture medi um and
are then converted into polymer core by the proteins which have been
expressed by the genes which have been introduced into the cell. 20
The genes required to enable the lattgg-stated host cells to produce
the polyner particles include a thiolase, a reduct ase or a pol yner
synt hase, Iﬁ'elﬁ@elﬁﬁndﬁﬂ%hfe bR Gmi as haC
synt hase from Ral stoni a gultro ih em‘ﬂ?é}ﬁé‘ gayl%&xpa%cfwg

synt hesi s @Rlvgngdeypppatipmpts mllﬁnﬁrmamcleehLmtb'diyaaoamtbutSMgagﬂbmste pequi r ed
to form tRg,a408HS

Whi ch genes are re %forgtgat@%{%%@%)gf;u%ﬁp%gﬁnﬁ%pﬁ()t%lfls 1&3“? ﬁ}ﬂl%r f or
pol yrer pavithases pigevtaly HﬁiA\pmlytnebwndmmn déamatorelyt, the pagieRdbrimingrak eup

f thesh bs ded h | t
e At ool bl SR ERL B B R B B o st cel |
W th ( R) - mﬁncbﬁyé’mylﬁta@g@olmene&thal fofentpli PesicRrfomiinglpbiciathay es

t hereof a The particle can also be forned
invitro. % %?g]‘t&)#@go ymerfs?n%lg%g%%lfl“&sm on systemis used. In order

to produce an environment to allow particle formation in vitro the
necessary T9apgionaf e fusiompolypenide corpprisiige yertichy ahing prostioudefl] herein
i ncl uded ig ftﬂﬂtﬁeﬂ form ot e| can used for
the in vi trrg produ ??%lﬁngf;?&ﬁ%lp%ﬁtb f‘]séxeﬁaasgg &%° Usi ng
(R) - Hylr o%bqycsy’l sci@ayktio ovaviverof @k Wi pedtred pcdﬁna psuio&tcbﬁapﬁsmg dhe

fusion po dfroml sed n el |
sorter, P k} X%t it g%Ze%l ?%gﬂg?d Wé %1{05 Pligjd néqnlp ilp%eth? ?fﬁ% 68%@‘?1 prior
to use i nwhirhgre a‘sa)cmdwtﬁrthe pati¢le, d:loencbmmduo ttheo:nre drithevibbpholsit y mer

particle o) rface conposi tion,
o el B O 18RE Bl Bl SR O 18 B RS o RS R BhS B
conposi ti mrfawfdh$%atufes:ctemﬂddnnBlgeme]nbodl ment, a desirable
characteristic of the polymer core is that i t i s persi stent. The

term jper %éﬁcﬁﬁﬁonalrﬁ ﬁ:ﬁesfo %gﬁte%%zln' bte%n}oﬁlo]é agla rla 8lgllnﬁlét & r esi st

degradation in a ronnment
char act er ﬂ@tm%ab@hsm lf‘édlpg)tqﬁheformmcm dfghetpodtmerr parﬁael Elgﬁl@%dwé #rom t he

particle torm 91@&“ sDRRER I a%gsrn}él‘ E‘cg'ﬁcl% 81}? Qgﬁo %}'ﬁly rerng}ngg lt of the

particle formn rotein I ng" par
Cupriavidus necator). The polyhydroxy alkanoate polyhydroxybutyrlc acid (PHB) is

produced in a three-stage process starting from the substrate acetyl CoA. The C4 repeat
20 unit in PHB is B-hydroxybutyric acid. The final step in the synthesis results in the

formation of a polymer particle with the particle forming proteins bound to the surface

thereof, preferably the outer surface of the polymer core or the phospholipid monolayer.

A nucleic acid sequence encoding a particle forming protein can be selected such that it

codes for a thiolase, a reductase or a polymer synthase. A polymer synthase is taken to
25 beany protein which is capable of catalysing the final step for formation of a polymer,

Apart from the polymer synthases described in the present invention, formation of the

polymer may, for example, also be undertaken by a lipase.

In one embodiment the additional particle forming protein is derived from the family of

phasin-like proteins and is preferably selected fiom the group comprising the phasin gene



The pol yner particle preferably conprises a phospholipid nonol ayer
that encapsulates the polymer core.- Preferably said particle formng
protein spans said |ipid nonolayer. The particle formng protein is
preferably bound to the polymer core & to the 20 phospholipid

nmonol ayer or is bound to both. The particle formng protein is

pref er abl pheoiah %kko%i@é’uh@%ﬁ A\ 28tk geﬂt%%ﬂdﬁ&ﬁ Asher Jgé)i/msﬁg?%ogmw.
Q Q

particle i% forms. Prefera at | east about 1% 2%|CJ % 10%
15% 209% :2%44s aspupphisghc proins withggmalzsylar weight c0440 23HHa Wigolh bind o,
80% 85% 19l IRAyRRNL s HAOYke iinaBesprlace area of the pol ymer

core is covered by fusion polypeptides. 92 1n natural systens
particle form nI?qo roteins have been forned to cover | ess than 1% of

the pol yme? “5rfodnentthe parisle fgrmmgreotgndse Rl Apalyaw symkasa, silested
pol ypept i des: té %uﬂylﬁér SyBMsde is feRERAPLRAR 1B YREREINES pgﬁﬂﬁfigﬁiﬁltagé"e N-
as

or Cterm_,nus_of the particle form ng protein  cover at 10%

pr ef er abl ?Og’b%ﬁfm'%%grd%ﬂémﬁfp - PHED | agrmsinopm verostosasnwittatger 5 The
pol ymer panbk S@ﬁfbﬁﬁ’gﬁ_have a di aneter between about 10 nmto about 3
m between about 10 nmto about 900 rim or between about 10 nmto
about 110_Mh. | one enbodi ments it is desirable to_produce many
smal | pol Yhle ea@@w% ‘?Par}l\‘é‘ggﬁlléﬁnﬁ&PV?mé%f’epﬂa%fﬂ@@ﬂdlag dqmpadn priestednt

i nvent i onfibel tad @ﬁtidl@biﬁdiﬂ% d685i8s §fQke PR HIE . pRALYI B blosbes, the
process conprising: 10 A) providing a cell conprising at |east one

expressi oR,. constr.uct under the contral. of . a strong pronoter, the
expr eégi ogh%%?%etsf‘lﬁ%fo%g ¥ 7380 fans T%e%é‘i‘to Péa%feane nucl ei ¢ acid

sequence that codes for a polyner synthase, the polynmer synthase
conpri si n§refergdy Yrdrstpelt tsiadlatetidl nell, agurgbd oall, peasiaell(2)lardtell, @@ fisecdne

nucleic a h es. far.a fusion pol ptide, the 15
f usi on po%ﬁ%%ﬁ ge g%ﬁr%?ﬁ%?%? %%%%?/(}T%lrmg' Plﬁ‘ég(ésicéﬁlg at | east one
fusion partner the polynmer synthase conprising a polyner particle

bi ndi ng  dwlerprokgrety Bt exfis pomprisk yubetpria sudheia Srammegative biefiremaci d
sequence hidveCARGRmE Obr Sahpfet Btk Sod STl AT such as £ coli. Various E. coli
15 strains are publicly available, such as E. coli K12 strain MM294 (ATCC 31,446); E. coli
X1776 (ATCC 31,537); E. coli strain W3110 (ATCC 27,325) and K5 772 (ATCC
53,635). Other suitable prokaryotic host cells include Enterobacteriaceae such as
Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g.,
Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as well as
20 Bacilli such as B. subtilis and B, licheniformis, Pseudomonas such as P. aeruginosa, and
Actinomycetes such as Strepromyces, Rhodococcus, Corynebacterium and

Mycobaterium.

In some embodiments E. coli strain W3110 may be used because it is a common host
strain for recombinant DNA product fermentations. Preferably, the host cell secretes
25 minimal amounts of profeolytic enzymes. For example, strain W3110 may be modified
to effect a genetic mutation in the genes encoding proteins endogenous to the host, with
examples of such hosts including E. coli W3110 strain 1A2, which has the complete
genotype fond ; E. coli W3110 strain 9E4, which has the complete genotype tond p#3;
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20 protein, the protein conprising a polyner particle binding donain,
or (b) at least one nucleic acid sequence that codes for an _

addi tional fusion polypeptide, the additional fusion polypeptide
conprising: 93 (i) a polymer particlggbinding donain, a protein that
conprises a polynmer particle binding domain, a particle formng

protein, of .&; ﬁ%’i’% a8k %ﬁ({}%&’dﬂﬁg% ?’11‘% % fflgjl}sllglgtﬁng ‘?ﬁi%}t’ﬁr?}?ﬂgfa’én’al n

conprising at |east one pept
or one or W@Jé@’mgﬁ‘ﬂn@fﬁa@@mwm’ B. coB Wi 108 ttrin 3 71D Fd@dh, ha®the (11 1)

a fusion r rising.a ) y t|d at, . | east
one bi ndi %gﬁlgfa%'a%eﬁ&%tmﬂ 193 %ﬁflgﬁsé’ﬁ%ﬁ‘f@%e‘%ﬁrﬁ’@ g’i‘gé("%é ifat i on
t her eof , @pli WBI(P wanaﬂOBﬁka a&tchdmﬂraﬁeﬁj’%tvefh Feptiaten@in @biktmidkyp
purlflgau ﬂtl&e@ﬁﬂa e, or (c) any conbination of two or nore thereof;
CU|tIV I'ng e cell under conditions suitable for expression of
the expression construct and for formation of polyner particle by

t he pol ymdp aditirmiie sxwkanipies, @ilmrydtic ﬁzhﬁgbqagﬁm ﬁlﬁﬁéﬂ;olrﬁztﬁlﬁlﬁr @{?ﬁdésﬂﬁrgl Jer
o0, L Oy AL b LT Bl R
conpri si n@'a@bbmcesparetzzzzgzb & iog‘me?:}ejsed roe;d;a mktng?g&wgg ﬁli)cl(;(hﬁgaﬂfsﬁlmt er
5 1 T Aol SRR Bt RPN L B R
nm bdPowERHAHB 83115ﬁahshed12 May 19S50 \KIaberdtnydd 509“64’(fU 9. fg@tegf:lﬁ? Iotghﬁ;g aho;
product ol Lo AXARLB0 ALDACLIOR o BRI
el s, Foy puaole the aet hodsof LTt enty o a1 o ARa OGRS
cel o ForERET K dBLIoHn R 40 Lvel oh ke, el
conposi ti GATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg et al., Bio/Technology,
15 8:135(1990)), K. thermotolerans, and K, marxianus; yarrowia (EP 402,226); Pichia
pastoris (EP 183,070; Sreckrishna et al., J. Basic Microbiol., 28:265-278 [19887);
Candida; Trichoderma reesia (EP 244,234); Neurospora crassa (Case et al., Proc. Natl.
Acad. Sci. USA, 76:5259-5263 [19791); Schwanniomyces such as Schwanniomyces
occidentalis (EP 394,538 published 31 October 1990); and filamentous fungi such as,
20  e.g., Neurospora, Penicillium, Tolypocladium (WO 91/00357 published 10 January
1991), and Aspergillus hosts such as 4. nidulans (Ballance et al., Biochem. Biophys. Res.
Commun., 112:284-289 [1983]; Tilburn et al., Gene, 26:205-221 [1983]; Yelton et al.,
Proc. Natl. Acad. Sci. USA, 81: 1470-1474 [1984]) and 4. niger (Kelly and Hynes,
EMBO I., 4:475-479 [1985]). Methylotropic yeasts are suitable herein and comprise
25  yeast capable of growth on methanol selected from the genera consisting of Hanserla,
Candida, Kloeckera, Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A list of
specific species that are exemplary of this class of yeasts may be found in C. Anthony,
The Biochemistry of Methylotrophs, 269 (1982).

Examples of invertebrate host cells include insect cells such as Drosophila S2 and

30 Spodoptera Sf9, as well as plant cells, such as cell cultures of cotton, corn, potato,



25 have a .dianeter of between about 10 mmto about 200 mn,
preferably: 94 (a) 80 %of the particles in the conposition have a
di aneter of between about 10 nm to about 150 nm (b) 60 % of the
particles in the conposition have a dianmeter of between about 10 rim
5 to about 100 ran; (c) 45 % of the particles in the conmposition have

a_diamet ery, Keah SRR NARBUAna'Ob. NiBud B2 tho Rl eabelnd 0l @ld e

particles’i conposition havée 'a di anet ef ween abou nm
t o about @GOrresppndify feethisfBe Meet hodheellp dioti Iekis sudhns Sheloprribaitadn have

a di anet er, of 8 about, 10 n about .50 mm: ..ar (f) 5, % of the
particles (Faﬁm?jﬁgl ’\(l‘:\%%so%eig}’ﬁ Io%mﬁ%‘%}@’éfe%sé’?%’? gpes g?oﬁgft@egﬁo@ﬁlﬁt 10 nm
to about BBaragustdriifrattty) et @didrnkot hevelboat idaeilfied. cArpridts elvial stagmst

about %0 6Q

v 25, 30,.35 40.. .45, .50, 55, 69, 70, 75, _ar 80
pol yner pggwa@ﬁg%twﬁé% R:ug}i?ly aYﬂgg‘ﬁee-%ﬁB%ﬁgr?@ﬁéﬂfP “e‘”@%@’?éﬁ”ﬁg‘?"f’zﬁ%r may
(t:)prrg_ri sedaxliﬁb_ hryans?ine&st?un_ff Ba:szbﬁx ngﬁt\‘_@i\ﬂ;anﬁup}p’gimsad rﬂ?% ?%?%ﬂgh% ?ndi i
i ndi ng domain, .a target-binding donsin, a hindjin :
pr ot ei g fr"’é%b‘ﬁg‘ﬁ?lfl AR ‘Fﬁtf’gll?) ese W%ﬁ’?f‘?’b@?j‘?c‘fq?rgygﬁ%%ﬁ'gfeﬁﬂo% ti body )

heavy chaiSpodarera pngipHadlyellsi ght chain, a single chain antibody, a
si ngl e-domai n anti body (a VHH for 20 exanple), a Fab anti body

fragnment, an F tibody fr n n Fv anti body f n
Fab ) 2 kel SRpu e GRTRN el M piuforiesann C O3 TEH fipelrmets ¢
Fv (sdBv) b4 Ga9s-7f AAGORIRI, 1661);dntnkbadyrybhiotidngy tenp9aor0as Zlisdomai n
for exanpl an.antigen, an .antigenic,determ.nant.. an epi -
napt en- kR BT E R T ARaNBE R SamaRet At o Vo e R
deri vat i véabamnawr Bidocy @lls (BEKR AVCAIOTL 1@);3THxgb¢ Rinfster alarg BZPHFRN
abzyne, a co-factor, a eptar, . ecepl.or gnent, a regceptor
subuni ¢, 4RO OprBre 8inath M- Ao SRRy R P oo seetles o
B or (rjmne, daTm;:Miamgr, Bigd@ephids23: 24 IE51 (298004 Rlohltg kikRBRL4lls (6 DNACED
i ndi [ FLAG epitqgpe,.a cystelne resj , j_brar
pept i 931 ?&éﬂg% g@?%@ﬁ(ﬂp ragr?gy kidney c}gﬁs MOJ%, Afl&lg Cﬁ-lg 89); ﬁulzan
cervical carcinoma cells (FHIELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT
060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68
20 (1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).

In one embodiment the host cell is a cell with an oxidising cytosol, for example the E.

coli Origami strain (Novagen).
In another embodiment the host cell is a cell with a reducing cytosol, preferably E. cofi.

The host cell is preferably selected from the genera comprising Ralstonia, Acaligenes,
25 Pseudomonas and Halobiforma. Preferably the microorganism used is selected from the
group comprising Ralstonia eutropha, Alcaligenes latus, Escherichia coli, Pseudomonas
Jragi, Pseudomonas putida, Pseudomonas oleovorans, Pseudomonas aeruginosa,
Pseudomonas fhiorescens, and Halobiforma haloterrestris, This group comprises both

microorganisms which are naturally capable of producing biocompatible, biodegradable



an affinity purification peptide, or any conbination of any two or
nore thereof. Single chain antibody fragnents (scFv) have previously
been used as ligands in a nunber of bioseparation applications. In
addition to their specificity and abidjty to be 5 reproducibly
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i ntrabodi es after random nutagen
into polymer core by the proteins which have been expressed by the genes which have

been introduced into the cell.

20  The genes required to enable the latter-stated host cells to produce the polymer particles
include a thiolase, a reductase or a polymer synthase, such as phaA thiolase, phaB
ketoacyl reductase or phaC synthase from Ralstonia eutropha. Figure 2 shows an
example of synthesis of a polymer particle in R. eutropha and the genes required to form
the substrates necessary for polymer pérticle formation. Which genes are required to

25  augment what the host cell lacks for polymer particle formation will be dependent on the

genetic makeup of the host cell and which substrates are provided in the culture medium.

At a minimum, a synthase alone can be used in any host cell with (R)-Hydroxyacyl-CoA

or other CoA thioester or derivatives thereof as a substrate.



et al., 1998, Journal of Ml ecular Biology 280:117-127). Thus sim|lar
screening strategies can be envisaged | eading to any functional

i ntrabodies which can ultimately be fused to the particle form ng
protein enabling attachment of the regpective intrabody to 5 the
particle. Fusion polypeptides conprising am no aci d sequences of a

Dur i ng. mod FReleRRASRE ity R i PERP Pl B L RO TR s™iEn, once
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bi ndi ng d@edicle pgedietiq?) bi ndi ng at | east one substance to the
coupling reagent. 20 Coupling reagents can be used for the subsequent

f unct | onalz, $td iy s QhRGLYBRBEL SRRt 09@%#439 B&H%Jsﬁﬁﬁ of the

pol yrrer particles, ese coupling readgents prefera sel ect ed
from t'Re &W&@W?@f fgionipslypenside c@mennbibspliplinid 9@@5@1@ mctso
chloride BgP- C), bronotrispyrrolidi nophosphoni um

hexaf | uor ophosphate (PyBroP), benzotriazol-1-yl -

oxy-trispyrrolidi nophosphonr um hexaf | uor ophosphate (PyBOP),

n- hydr oxy 8% Fnbedpent 3 dpsiggple gharacteristic of the polymer core is that it is persistent.
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tetrafl uop%akéewmm@ndugnwmﬁ@r B‘iﬁﬁ@ﬁé— 2, 3-di car boxyi nido)-1, 1, 3, 3-

The polymer particle preferably comprises a phospholipid monolayer that encapsulates

the polymer core, Preferably said particle forming protein spans said lipid monolayer.

The particle forming protein is preferably bound to the polymer core or to the
20  phospholipid monolayer or is bound to both,

The particle forming protein is preferably covalently or non-covalently bound to the

polymer particle it forms.

Preferably at least about 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or 100% of the

25  surface area of the polymer core is covered by fusion polypeptides.



tetramet hyl uroni um tetrafl uoroborate (TNTU),

par a- ni t rophenyl chl or of onnate, and O (n-
succinimdyl)-1,1,3,3-tetranmet hyluroniumtetrafl uoroborate (TSTU). 5
Once fornmed, the polynmer particles cam be separated fromthe host
cell by disrupting the cell and recovering the particles, preferably
by physical_ di sruptj I L. ayed i idig a
cell sor f% rn,a%(r:% ﬁf%#%g%ﬁ%%%??ﬁf {reg{S?l(%‘lﬁ or g:}[?%ﬁ%?ﬁ?@%ﬁ%sgﬁn%? g?r aphy.
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fusion technal.o of ..nol ec o 1A kng:affinhty
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particles C He esi gne 0 suit a nunber of applications. 15
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surface-bound fusion polypeptides, one or nore substances

| NCOr por 3, Ay e RUFRERES il ALadIS PRIMRENAMlplsfher f@hidles. ONE 0T 1TOT e

subst ances bound to surface bound fusi on pol ypéptides, or a

conmbi nation thereof. In one enbodinent a substance gp}/ bg . mobi | 1 sed
el o]

on the pafesediaglyane asectpd hemgessn mgptqnaplates O aRIPFSH. % o a
fusi on papdiDek: RiickURS hidgest ERFRRIng; Or integrated into the particle
by | oadi ﬁ%,ﬁgil}@usci on o? i r?cor por an{gi on. I n one enbodinent the
substance is selected fromthe |ist conprisiing a protein.or pr in
fragmbfit, &4 pappyigEs a&e]{ﬁl%’é‘ﬁ‘giatj]@?ﬁ 8‘?‘?%{31556 n%tfucg%qd%%?jflo P fgfggf‘rare nt,
an antibody  bi #nBgrod e the expResdbi b@iiyct edinpliinggeni ¢ det ermi nant, an
epi tope, an irnmunogen or 25 fragnment thereof, a netal ion, a netal
ion-coated nol ecule,, biotin, avidin, streptayidi i I\ ES

t hereof, an i n(ﬁﬁbi {ahjeast gneptlclele gk selyengs, %tcgé%sg#&aﬁ&%égé%%@% ik
co-factor, a recepiobimer setiepd @msisingaipblyokr faréderbinding Hlengwfor a

| i gand, an inhibitor, a nonosaccharide, 98 an oligosaccharide, a

polysacchari dey;ya_gh ¥GQREOLRidi: oot dRintl ok BELI 01 nlibAGABLiADGECO!
a cell extract; a virus, a hornone,” a serumprotein, a mlk protein,
a macndnol ecul e, a fasiugpolyfeptderemprising apylymersyhthageizoh aideastong fsign or

more thereof . partner the polymer synthase comprising a polymer particle binding

domain; and
(3)  optionally

(a) at least one nucleic acid sequence that codes for a particle forming
20 protein, the protein comprising a polymer particle binding domain,

or

(b)  atleast one nucleic acid sequence that codes for an additional

fusion polypeptide, the additional fusion polypeptide comprising:



I n one enbodi ment at | east one anti body antigen, antigenic

determ nant, epitope, or 5 imunogen of fragnent thereof nmay be

i mobi lised on the surface of the polynmer particles or integrated
into the polymer particle. In one enbopdi nent the fusion partner
conprises a netal ion binding domain that binds a netal ion or a
metal ion-coated nol ecul.e a ' i C ica
i magi ng reagents. 10 Inbgnquﬁggﬁ?h%ﬁ?gﬁkgggggﬁéghé gg%?ﬁ%fggpﬁﬁg

i nfectious agent can be fragmiped patide bindigdprdin ppatidx PraEgi on
constructs encoding fusion polypeptides: thatq compri;se a pol ymer
particle binding domain. Inl{%ls’may, pol'ymer pafticles displaying
antigenic determ nants can be produced and screened usin%.serun1from
infected patients and afili gerfuppesaine] Qg Pripag o} leaskancipgbnentide egat
|solat$q and reproduced Us'rﬁhgﬁﬁébhbﬂﬁﬁﬂ Ahr68bARNE HRHLE Fdagdntsl
producti on systens. In one enbodi nent nuPtlpIe antigens nmay be

i mobi | i sed on the surface ofrachwbipatioptesreofparticl es. I n ot her

enbodi ments the substance may be a pharmaceutical agent selected from
the list conprising al - ;@&ﬂﬂﬁ- L Wb BSide and at

f 1 oxuri di ne, 6-nercaptog§fi%g?ag%ﬁﬁgiorubigﬁ%?qggﬁﬁggﬁg?g?n,

| -darubi cin, cisplatin, mnethleastesedindingdorsin orgRe PHngE ceupling reagents
anticoagul ants, germ cides, anthathhyhpcagents and active

i ngredi ent precursors or derivatives thereof, or proteins selected
fromthe list conprising insulin, calcitonin ACTH, gl ucagons,.

somat 88t atin, somatotr ogi‘-’h, o AR oBPrESaPYET PB@Fd&Pﬁﬁ’B}%P‘Hﬁ%ﬁ%‘H’é’FPﬁ“’
erythropoi etin, hypothal am cyrel ease factors, prolactin,

t hyroi d-stinmul ati ng hornone, 25 endophi ns, enkephalins, vasopressins,
non-natural ly occurring opiates, superoxide  disnutase, antibodies,
interferons, asparagi nad® combiiahenel wa opmpiefhettfiiani nase, adenosi ne
deam nase, ribonuclease, trypsin, chynotrypsin or pepsin, the

par ti cl esBhavidugivatipd the asli wtder dondidensguitkld foeexpressién of the etphasion

enbodi nents the pol r rticle an be used.to deliver t apnces
useful in C|é§p§ﬁ§¥%§5?853?$8ﬂg?wﬁymg;%qgéﬁwﬁéa%ﬁgmgﬁﬁﬁgﬁéqawﬁmg
functiipnal enzyepsyatr Hh@bsedansnd sceintedtvith thapdriidé & femsfade or by

| oadi ng the particles with substances.

C) separating the polymer particles from the cultivated cells to produce a

composition comprising polymer particles.
In preferred embodiments the promoter is the T7 promoter.

In some preferred embodiments the polymer particles have a diameter below about 300

20  nm, below about 200 nm, below about 150 nm, or below about 105 nm.

The methods of production of the invention allow production of compositions comprising
a greater proportion of smaller particles than are produced by wild type organisms or by
known patticle producing host cells. For example, the methods of the invention allow
production of a composition of particles wherein 90% of the particles in the composition

25  have a diameter of between about 10 nm-to about 200 nm, preferably:



I n one enbodi nent one or nore enzynmes nmay be i mmobilised to the
particle to provide 5 stability in environnments of harsh pH or
tenperature and in storage, extending the functional life and
enhanci ng robustness in conplex "dirtgy' environments. In one

enbodi ment particles displaying one or nore enzynes have potential in
| aundry detergents. In one enbodi nent the substance may be at | east
one enzyne selected fromthe list 10 conprising enzyne selected from
the Iist conprising cellul ases, peroxidases,,  protegases,
gIucoanylé@es,&H%V?ﬁ§é%ﬂmk$ﬁé@@@%ﬁ@ﬁ@P%EﬁééﬁmH§8¥P brtwcen 2pei 4R PBs e,
oxi dases, , pBgNBhHaxE dases, |ipoxygenases, ligninases, pullul anases,

t annases, pentosanases, nal anases, P-glucanases, arabinosi dases,

racenases, hydrol ases, dehydrogenases, ol ymer ases, di ox ses,
nmonoxgena&¥s, @y%§§@FP@?ﬁ?ﬁ@ﬁ@%%?ﬁm@BP%@gﬁ§g§wa§°ﬁ?ﬁ?3§ﬂ¥§§3§Pm
transf er agesout f08RSACY! ases and synthases. In one enbodi nent
particles there may be nmultiple different enzynes and surfactants on

e P L S SRR AERA R TE R P 8L B

i mobi | i seherzsoms W thout the need for conplex extraction or
refolding 20 steps. Such enbodi nents may al so reduce the bul k of

detergent, It js,al.so envisaged such... rtich | & i

i mpr oved Sgrfo%ﬁ%ﬁ@gwé?ﬂvgﬁHﬂﬁ?c%%W%¥@€ﬁ?§F%F%%kgggﬁ%ﬁégﬁ%mh?gaﬁ%ing
bul k of t keatalgidimy detergent, due to the proximty of enzynmes and
surfactants on the particle surface, inproved presentation and

stabi Ljty, Qf e and. f e i i of
¢ ar gt o or et a8 e G RE  AE R o i BA I BB
cl ot hi ng oratbot pmciofi c types of stain or substance. 100 1In one

enbodi nent the ability to stably imobilise on or nore enzynes on the

particle @ f 36001 paflcR imggoﬁp&kﬂoﬁ%@e%rﬂi&igetlgﬂ &%g&/@éﬂ/ﬁk@q @qgmo

bi or enedi ati on. pl e enzynes “can be immobilised on a single
particle, abagPdimmating nultiple or nulti-step enzymic conversions. 5
I n anot her enbodi nent the substance may be an anti-redeposition agent

sel ected {4 Q@ ddH3diment the host cell comprises at least about 20, 25, 30, 35, 40, 45, 50, 55,
15 60, 65, 70,75, or 80 polymer particles per cell.

In one embodiment the fusion pariner may comprise a polypeptide such as a protein, a
protein fragment, a binding domain, a target-binding domain, a binding protein, a binding
protein fragment, an antibody, an antibody fragment, an antibody heavy chain, an
antibody light chain, a single chain antibody, a single-domain antibody (a VHE for

20  example), a Fab antibody fragment, an Fec antibody fragment, an Fv antibody fragment, a
F(ab’)2 antibody fragment, a Fab’ antibody fragment, a single-chain Fv (scFv) antibody
fragment, an antibody binding domain (a ZZ domain for example), an antigen, an
antigenic determinant, an epitope, a hapten, an immunogen, an immunogen fragment,
biotin, a biotin derivative, an avidin, a streptavidin, a substrate, an enzyme, an abzyme, a

25  co-factor, a receptor, a receptor fragment, a receptor subunit, a receptor subunit fragment,

a ligand, an inhibitor, a2 hormone, a lectin, a polyhistidine, a coupling domain, a DNA



l'i st conprising nethylcellul ose, carboxynethyl cell ul ose,

hydr oxyet hyl cel | ul ose, polyacrylate polymers, copolyners of naleic
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Plueckthun, 1998, FEBS Letters, 427:357-361).

An additional approach to stabilising pre-screened intrabodies is to express them as
fusion polypeptides. Disulphide-bond containing ScFvs have been shown fo be

20  expressed in a soluble and functional form with the bacterial cytoplasm when fused to
Maltose-binding Protein, a cytoplasmic protein of E. coli (Bach ef al (2001), Shaki-
Loewenstein et al., 2005, Journal of Immunological Methods, 2005, in press).
Additionally, host cell strains with an oxidising cytosol may be used to express the fusion

polypeptides.

25 It is also conceivable fo engineer functional VHH intrabodies, which can be fused to the

particle forming protein.

Intracellular binding of intrabodies to a LacZ (beta-galactosidase) dimer mediated the

formation of the active tetrameric LacZ which activity can be easily detected. This was



for exanple drugs or bioactives to |lower parts of the intensive to
treat Crohn disease or ulcerative colitis; 2) biocatalytic uses in
food processing, for exanple cheese making and enzyne stabilisation
and/ or recycling; 10 3) downregul ati o of food or other allergies by
stinulating imunity at intestinal or other nucosal surfaces; 4)
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detecting and optionally isolating target conponents, in protein 25
production and conmbinatorial screening. 102 6. Detection and
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15 Inone embodiment the process further comptises:
(D) binding a cczupling reagent to the fusion partner binding domain.
In another embodiment the process further comprises
(1)  binding a coupling reagent to the fusion partner binding domain and
(2)  binding at least one substance to the coupling reagent.

20 Coupling reagents can be used for the subsequent functionalisation of fusion polypeptides
bound on the surface of the polymer particles, these coupling reagents preferably being
selected from the group comprising bis(2-oxo-3-oxazolydinyl)phosphonic chloride (BOP-
CD, bromotrispyrrolidinophosphonium hexafluorophosphate (PyBroP), benzotriazol-1-yl-
oxy-trispyrrolidinophosphonium hexafluorophosphate (PyBOP), n-hydroxysuccinimide

25  biotin, 2-(1H-benzotriazol-1-yI)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU), dicyclohexylcm:bodiimide, disuccinimidyl carbonate, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), bis(2-ox0-3-oxazolydinyl)phosphine,



conponents or one or nore coupling reagents or a conbi nation thereof,
or 10 (2) at |east one polypeptide, or (3) a conbination thereof,
and optionally (a) at |east one particle formng protein, the
protein conprising a polymer particlgsbinding domain, or 15 (b) at

| east one additional fusion polypeptide, the addltlonal fusi on

ol ypept i dgise | |
Brotei h that %%ﬁ?f?&%mld@ e e AEb e e i AR )
!

formng prErEprebomgie (EBEH}rﬁr(ﬁéMhﬁﬁleﬂﬁéﬂéhﬂﬁfboéﬂw@(}1(11,3 3- a f usi on
part ner quﬂnhe%yﬂgoﬂﬁm kﬁﬁﬁﬁor%at@ﬁtﬂ?@)oisérg%n@%}éO%ﬁh oIS imaR§ db(g dl n9

domai n capabl e of binding one or onents or
mor e coupl FAgRimidyhelt %,36*?’[1awefwbwwlmtﬁlaﬁuwmmeST@D (iii) a fusi on
partner conprising at |east one polypeptide and at 25 |east one

bi ndi ng danmk forsde QEH Solfer lﬁbﬁ@k@&n%%eﬁ%atéﬁ(ﬁn #Q%0st {cﬁf 9?&1?18&51%Q€ ent s

or one or nore COUp in reagents or nbi nat1 on
at | east GRE2REEEAEERS Hepartieles, mefesﬁbﬁybmlvsmlrdnsiup@an pothe pdbbllaiesd byor 5
(8]

(c) any c %@ﬁraﬁ@h 'uﬂﬂ% Rfelt éﬁﬁeloéen?fﬁﬁ ol %1&\“9{01’1 of M&B&%’c e

pol ymer particle w a sanple ri’sing 1W sucm
that the fusi.on t ner binds the target conponent to forn1a conpl ex,
(O det ectivAfeatinao %P%%‘%??é’é‘g@renﬁ’%éh%@%ﬁmﬂ%ﬂw&%mbyd“@ﬁp@helmologahd

(D) opti Orwlrriolécﬁ@@t@ﬁtﬁ’és‘uﬁgceteﬂﬁaﬁ?@'aﬁmﬁ& :IQQI%JahGA ﬁﬁ/&g&%?dﬁ'ah?&s phQund
t ar get corrg‘;g ent 10 fromthe sanple” The use of reporter ecul es

such a8 O §OTEENRE PUBASES- s to i dentify conponent s of

5. Functionalised Polymer Particles

It has been discovered that polyhydroxyalkyl polymer particles can be stably maintained
as particles outside the host cell that produced them, and that these particles can be

designed to suit a number of applications.

15 Functionalised polymer particles may comprise one or more surface-bound fusion
polypeptides, one or more substances incorporated or adsorbed into the polymer particle
core, one or more substances bound to surface bound fusion polypeptides, or a

combination thereof,

In one embodiment a substance may be immobilised on the particle swiface during
20  particle formation, bound to a fusion partner or coupling reagent, or integrated into the

patticle by loading, diffusion or incorporation.

In one embodiment the substance is selected from the list comprising a protein or protein
fragment, a peptide, a polypeptide, an antibody or antibody fragment, an antibody
binding domain, an antigen, an antigenic determinant, an epitope, an immunogen or

25 fragment thereof, a metal ion, a metal ion-coated molecule, biotin, avidin, streptavidin or
derivatives thereof, an inhibitor, a co-factor, a substrate, an enzyme, a co-factor, a

receptor, receptor subunit or fragment thereof, a ligand, an inhibitor, a monosaccharide,

A~ s - -



interest is well known in the art (Mtsopoulos Get al., 2004). The
presence of the detectable | abel allows a polynmer particle to be

di stingui shed froma polyner particle that does not contain the

| abel . The | abel may be incorporated pfto the 15 polyner particle
core, be coupled to a nolecule that will bind directly or indirectly

to the ¢ %ﬂﬂl@&sae&lﬁrnﬂmx p19saRtHaAG 81O e, B ﬁfJM r@cfell%@?r&%ﬁ%n?th@?eoﬁ a

reporter ﬁ de. In onée enbodi mént 't he | abel
mol ecul e tHACE*EHAYIHH 2bRENS IR PITiRD, amﬁ@r@dnmhmm@eqmyaumgd to

any part offabite, G@EPLbindi0f bt io bGoRAER! cOre. an e enent of
t he phospholipi d monol ayer, | ement of a fusion polypeptide, or to

a target 20 corrgqélpent bound to a fusion partner. Detecting the
presence df %8¢ PEBRIImEH %tfléasmefntlwmﬁ@enwamq determivent; entiepsioty of

t he | absel ,1mﬁﬂnb§3ﬂoﬂﬁa§néﬂz‘t’ﬁi@§ebf Ak H@mﬂﬁﬁa‘?ﬁéfe@oﬂl egtﬂ'?acl: SMEL H@gxa&he

target conmpopent jn a sanple to cal culated. "1'n one e
or nore | glcéesﬁﬁweﬁ@teéé@ﬂth%oimﬁfHgﬂltﬁlﬁe si mul t aneous det ecti on 25
and quantification of nmultiple paranmeters. 104 Oher aspects relate

t 0 syst emdnbog eshbdinglet ﬁxétﬁhsm% ARRer@BipRRAL mehP oﬁtbhﬁﬁxgcﬂforxﬁ?:fn th Bfids @€
t ar get cogge(t%ﬂent in a.sanp The systems conprise a pol ymer particle

and at AE0r all%%f’éFon"%ﬁ@liéiqlﬁwhéni)ﬁ!emwnaawpié& wedampedicsbs at
| east one ihugh@reag@atsypepti de and wherein the fusion polypeptide
conprises at |east one binding domain that will bind a target 5

conponegnt , such t at ] ol artlcle is contacted with a
sanpl gﬁcor%ﬁ #\gﬁgeéo%@ﬁ‘%%gﬁf‘ FREIOPT 3panttgn Befegmentndiad to t he
target co nmnﬁhthtote&plfeﬁk[dﬁl cAnfABR b@ébdmg‘ﬁdi%rﬁioﬂ&p&ﬁﬁie@fh@%ﬂfbﬁs@i pAPagnce
of the | abel @I . ows t he, d%bﬁjéﬁi“ on of the presence or absence of the

target compoRemndngdamain Waga BAYREY Rﬁlﬁméﬁs displayias aysigeric detarngipants
enbodi menteat th:rb@fcgﬁﬁnd@@z@ﬂ%%@ﬁlg B@Mm%ﬁpihfest%d %t%%ﬁ& éhng@n E%e%nﬁhg
fragment, é OIQ E{T e, g ﬁ;lde a pol ypeptide frag n
ant i body, pgrﬁlc HicH fqlﬁﬁqr%ﬁ‘tr 28| ce%mlm%wﬁbhmwﬁgcaé@}@aﬁmﬁn

ant i gdas, @fbd&ﬂidng@smenfld’ agnent, an antigenic determ nant, an epitope,
a hapten, an immnogen an immunogen fragment, a netal ion, a netal

i on- t t bi ot d di
St ept avi 4 R ot pRyBple Ryie@p il beponyed o B abios airenolymer an

abzyne, apalaclemor, a receptor fragnent, a receptor subunit, a

In other embodiments the substance may be a pharmaceutical agent selected from the list
comprising alpha-galactoceramide, dideoxyinosine, floxuridine, 6-mercaptopurine,

20  doxorubicin, daunorubicin, 1-darubicin, cisplatin, methotrexate, taxol, antibiotics,
anticoagulants, germicides, antiarrhythmic agents and active ingredient precursors or
derivatives thereof; or proteins selected from the list comprising insulin, calcitonin,
ACTH, glucagons, somatostatin, somatotropin, somatomedin, parathyroid hormone,
erythropoietin, hypothalamic release factors, prolactin, thyroid-stimulating hormone,

25 endophins, enkephalins, vasopressins, non-naturally occurring opiates, superoxide
dismutase, antibodies, interferons, asparaginase, arginase, arginine deaminase, adenosine
deaminase, ribonuclease, trypsin, chymotrypsin or pepsin, the particles having application

in drug delivery.



15 receptor subunit fragnent, a ligand, a receptor ligand, a receptor
agoni st, a receptor antagonist, a signalling nolecule, a signalling
protein, a signalling protein fragnent, a growh factor, a growh
factor fragment, a transcription facedr, a transcription factor
fragment, an inhibitor, a cytoldne, a chenokine, an inflanmatory

medi at or, In%thepgrﬂﬁmﬁtgﬁsatﬁé gcﬂ?n?*a@ﬂoaﬂ{cleg QaAsRE fo%hve@ s@ﬁ{aﬁ&@%mﬁh de, a
gl ycoprotein, a 20 cell-surface protein,

cel | - sur f dexming applcb,atlralSdB'I dxprospifgae or mptsdhyaiiondl enzymeg al hlg}siﬂ“ﬁ&’c@

gl ycopr ot § amé’le glﬁ‘%ac g%%ﬁ@a%no tﬁ? ﬁelrﬁ&gs’mﬂl §ﬁb§t.’5¥§e§oat protein, a

hor none, BE U™ prot ei rotein, a nmacronol ecule, a drug of
abuse, a coupllng reagent, a polyhlstldlne a harnaceutlcallg
active agT@mne elabtbﬁllmﬂttgnftw There QWW‘ém&Ij baimmepilissh i the parfiel fo Rrpyjde

reagend, @il Brar 018%?1?5’ o(}%%rs I%'th?@a&IQH %faﬁ@ texteﬁmﬂglﬁﬂee' c acid

or a conblnaﬁ?on t hereo one nbodhnent t he fusion partner
encodes MyettimalQife gudshaiciogyeteis@rs dogamees dirty( RFOEPUBENtS.r agnent s
t hereof and the target conmponent is an anti-Melin O igodendrocyte

A ycopr ot gifde (EMIIH@!R&)EH ORY diQflaih AHERR ok \@zaés hakf@?&élﬁiaﬁﬁbﬁﬂlﬂtye nt

t he fusion partner en es an ant| body or antibody fragment that will
bi nd a t adgjggengonponent related to Type 1 and Type 2 i nmune
responses, apoptosis, 105 and/or angi ogenesis and the target

conponent 1 she $fbS&Hes the B3RS By VIR 16Q1THeicBEyM: selebie@ frbMuthelist 3
(IL-3), Interleukin-4 (IL-4 | nterl eukj n- Sﬁlﬂul_{%sgg%?rgmgt erl ey | dn- 10

(IL- 1), commisingieacclpoipd fomyhe lsheqmpistgic 3E5 , proteases,

Interl eUk,‘glﬂc&m(stes amylﬁs@;; SibhRY lcHitnal dPddtifdsbs, relidfa), oxidaBul ocyt e
Macr ophage- Col ony S imulating Factor (GW CSF), cl eaved PARP, 5 Be]-2,

and acti vﬂleea@;srdg@s,élpp%t:@m ligjeases, P@H@ﬁ%ﬂédweé PENIPSAFSES:h a5

Fi br obl asf,,{ahQud . glfc%&{séér arbiF&Fdases NRCInREEN htir 14N dehMasetasad,
Endot hel i al Growt h Factor (VEGF), and Tunor. Necrosis Factor (TNF),

| nt er | eukPoly@ereExiByEmags, megerEEmases lFfses SRS PSS dne- i nduced

by I ngerfgransy LOXA MO ndRaeyia sydhaepat tract ant Protein-1
(CoL2 ﬁ/cpﬁyc§ Yand” I'nterfefon-y-i nduced Protein-10 10 (CXCLI Q' | P-10).

Anti body bi nding d b d tg b ti bod
Cur  ace off ETHTRBLPRBIses A 8 S PURP A TR D DR RS Tl os

that can g@pgﬁﬁgsma@ variety of immoseparation and i munodetection
applications.

Expressing one or more enzymes as fusion polypeptides may enable one-step production

of functional immobilised enzymes without the need for complex extraction or refolding

20 steps.

Such embodiments may also reduce the bulk of detergent. It is also envisaged such
particles may result in improved performance of laundry detergents, for exarnple by
reducing bulk of the laundry detergent, due to the proximity of enzymes and surfactants
on the particle surface, improved presentation and stability of enzymes and surfactants,
25  andthrough the inclusion of targeting molecules to direct the particles to specific types of

clothing or o specific types of stain or substance.



In one enbodi ment the fusion partner conprises is an antibody binding
domain, 15 preferably an 1gG bindi ng domain such as Protein A
conprising the 132 amno acid ZZ domain having the sequence set
forth in amno acids 48 to 179 of SEQ@y D NO6 or amno acids 2 to
133 of SEQ ID NGO 7. In one enbodi nent other 1gG binding proteins such

as Protei rotein tein G
exhi bi t hndﬁ‘eﬁ?’g? %I"ecﬁbl]{tgg)ysﬁl@y c}l%glr?%l?gfm %%a {e%gé%?d% %@E@gG
from ”BWStﬁﬁ@@ﬂnQﬁalsdJMW k}ﬁahE’dittmhem hio@ataiymis 4d blopénmedBtioRr Miubipte dnzhingsds to
i rmunogl obul i ns thr, gh t he nt.. chai.n and bi nds
to all su‘ﬁ’élbéé’é@é’g H@g‘[ﬁe ﬁﬁ’ﬁat]ﬂafnu?%ﬁ “bu %'S%P %?Hl ne 1gG

Accor di ng¢dhweRoad. el n L i's usef ul for affinity pur| fication of
ant i bodi es fromculture supernatants containing bovine serum and

fromt Ik of tr ic.ani nal | o h
interfere %"Pﬁ‘e’f?ﬁ%bog W‘Fgﬁfilﬁ S‘&S&Eq\f a% 'ifnat“%dtz &[%D ? Jr?ﬁ% ane |0r%t| ng
site and hﬁuSmpﬁsn‘Sng&tﬁﬁb@lufdsé cantsmmmmymlmmeahycbmwaﬂnmceilulose
|nnunodete t|o one e dlne t

recept or B? ?‘Fep&y@ﬁrﬁt‘&?ﬁ Y’ES‘FrSQ p?‘%’?d%d acg’;ﬁ%ﬁa%mt&g)?g gl%rrsgge t or
conpl ex, Qhlef dhpGHeahd éthee@ofopalythetshed rxta&liagﬁhyctrmmamhenﬁlylvmyaether
receptor ligand. 106__.In_one. e od ne | abe

| abel sucwpgyn?r%@l%‘%ﬂ’hé(%de Fr}e%f’ré(b% Or e C@Ft?fng?%lbcc%ﬁla%gw{l’r

f 1 uor gphop@rOhekdfuor ochrome, a radi oi sotope; or one or nore netal

i ons such that the incor por ation or non-incorporation of such a |abel

b t d | d
ol ectl e Iothesatetngy® oG eAa on e el SRRk e2nphe

mol ecul e klﬂ@wepﬂ)dhém art, corrprl sing but not limted to fluorescein
i sot hi ocyanate (FITC) whi ch fluoresces at about 530nm phycoerythrin

(PE) (575 as t nm,
S0 1 ophy ooy Bl OBy FE pefifn g barsP DRGRRIAK R S BB R o
phycoer yt hnd mdwmmfautymng BB @a@h}ean@)a@@ﬁ @eﬁiglw}l to Cle(BTﬁéié £t WPHfih

chl or qphyl I o e n n-
cyani 8. ayeto P e 80 g el Afpos Rl Bl Kphgant. °§§°§iﬁ? ne
dye (APC @;oYacuKegﬁ)ﬁhﬂnc)n In Iotheoemb@nhmlh ﬁsmartmhéxzbawlen}na@c%ﬁwm of 0
monocl onal a?r'?p € goynllp%ovmg penetratlon mtgo Hg Ei sﬁ%cg,yor controlling skin contact

surface area.

In one embodiment the substance may be a skin care active, selected from the list

20  comiprising sunscreen agents, particulate materials, conditioning agents, thickening
agents, water-soluble vitamins, water-dispersible vitamins, oil-dispersible vitamins,
emulsifying elastomers comprising dimethicone copolyol crosspolymers, non-
emulsifying elastomers comprising dimethicone/vinyl dimethicone crosspelymers, oil-
soluble skin care actives comprising oil-soluble terpene alcohols, phytosterols, anti-acne

25  actives, beta-hydroxy acids, vitamin B3 compounds, retinoids, anti-oxidants/radical
scavengers, chelators, flavonoids, anti-inflammatory agents, anti-cellulite agents, topical
anesthetics, antiperspirants and fragrances, or any combination of any two or more

thereof.



to the conplex. In one enbodiment a primary antibody is used that
binds to the conplex, followed by a 15 | abel -coupl ed secondary

anti body that will bind to the primary anti body. In one enbodi nent a
primary antibody is used that binds @ the polyner particle or the
target conponent, followed by a biotinylated secondary anti body. A

streptavi din-coupled | abel .is then j j he
secondar ygé’ﬂlef B‘B&fﬁmﬁtﬁﬁ?ga@fﬂé a(1)1\%5 u%ﬁgcgﬁ%%gsﬁag %Fset@vicg%u%%aég m crobi al
product i opavefirsanfaingenmdiian abidagtivekjAo in20ogrshelfiifes flaobgiand pgdent n

bi ndi ng antiagp-;gecific anti bodi es foll owed by detection using

| abel ed sEREHFHYOUM bodi es. In one enbodi nent a | abel or a |abel ed
substrate is provided in the nedia so that the |abel is incorporated
i nto the pakytiakappheativhcheludari ng pol yner particle formation, or is
allowed to diffuse into a polymer particle. An exanple of dye

i ncorpgration s gi [ I [ WMRLE Yysiefh,

i ncor por at ed blx) refd glf%}éljﬁzz‘g(}.n\é?gié OF%Q%%S%%%?%E%S ?ﬁgg%lgl yme%y
particle is |abel edonixtthpla duigs er kibastivasyelowst parisgéthe detedstvedy @eatt o
allow it to be distingui.s -0 .sets of polymer particles by
its mean fIuorescg%gglfﬁ%%%gﬁkgg%ﬁé#§{%pon flow cytonetric anal ysis.

i
I n one enbodi nent polyner particles may be i mobiljsed on s%%plid
substrate, preDer albiopatalytiopses ipfoad Brogaséing 4&r exAmple chegse paliiae
mcroarray, on a b gg sHUghuasudh RRbysbydigge bead, in immunotubes or
in a suitable chro%ﬁtogrd%ﬁ%ﬁwgirif. I%]b her enbodi nents the pol yner
particles can be contacted with the saqﬁke,iqasolu .on, and the
bound 1far get cHnporfernregalad @doqddr e Graphyne By dhpl e, a

| abel ed conpl ex cap QR 15othePRubRbilsu@iced di agnostic test strip, the
particle conplexes travelling 10 along the strip until they contact a

pl exes travel Iing 10 al ong the strip unti .
wel | known 1n Phe dptd ekeGEGPBERY RSP DB BB HEEN TR P bed

| mmunosor bent Assayge (flakdi2A) vigddl afiRadsfl for the detection and
guantification of the |abeled particle conplex. ELISAs have
wel | - establ i shed protocpl 15.in the art f Bt of
target compon e%[ s i%‘@%ﬁﬁ?‘?%ﬂéﬁomp 1ng13§16r?ts %or p%loﬁg}ég p%ﬁ§ Hf &HE

15 storage;

5) keeping food ingredients from mixing until shaken or otherwise activated,

for example to prevent an enzymatic reaction prevented until desired;

6) viscoactive modification of foods, to provide active delivery mechanism

for drugs or nutrients; and

20 7) improvement of mouth-feel or acceptability of foodstuffs, for example the
encapsulation of fish oils to enable addition of omega-3 fatty acids to

foods without aftertaste.

Tn further embodiments the polymer particles may be used in further diagnostic
applications for detecting and optionally isolating target components, in protein

25  production and combinatorial screening.



ELI SA techni ques used for the detection and quantification of the

| abel ed particle conplex include any of a nunber of well known

enzyne- | i nked i mmunoassays. Exanples of such systens are well known

in the art. The assay techni ques areltRased upon the formation of a

conpl ex between a conpl enentary binding pair, followed by 20

det ecti one wi t iy 3, Q6h Gk b%'&oﬁ%i%tﬁﬁﬁo%%&hfe‘t BepdheRfdZY ME- CONJ Ugat e

| abel and”a chronogenic or tluorogenic substrate. In one enbodi nent

the ELISA is in the "sandw ch" assay forngt. In this tor%BI ghe:E

target ahmainyaweeidhaiavenias iR t BropessrTdoRe JReHOR o WHERA SQIHET Ot ¢ he

capture anti0ody tﬂ%{i‘ _c%ﬂlgonegﬁﬁ 8Sih R0 12bhd ddtimehhlie Biodhs BEm I n nmay
ant i y or

formthe capture 0 a capture 25 antibody may be bound to
the bi ndi degectiograidoptiprallsinslatias “dpisbeneriiaet CPMBONER) IBA SpEPlS CRBRNE t i ve
assay, where a labelled antigen is used instead of a | abelled

anti bogy. s{nl gi%&lvihiﬁgaﬁ&!&fngﬁsalﬁp@lco&ﬂﬁsihgbﬂhdse@hea’aﬁmg@ﬂnmwt e 108
for binding to the capture ‘antibody and the amount of .tar e%a
conponent bourfempEng e PolyEeREH NG YS farerin? E’F‘?Wﬁe %‘Fmiﬂ%ﬁ oS0
antigen detectgd., FidBenReas! onal or polyclonal antibodies nmay be
used as the capture and détection antibodies in sandw ch ELI SA
systens. Monocl onal antibodi es have an jnhgrent 5 nonos ci{icity
toward a si ngl@) epiat e opaRipding fospan pappRle aglgnécﬁ{:g G Oéﬁ%)r% itation
of small differencgsphddn@l b mote fAbNGY @fRhtsank bhoidyatdathedogor be
used as the capture antibody to bind as nmuch of the antigen as
possi ble, foll gwed by the use of,a nmonoclonal antibody as the

det ectPng anti @bdy 3 ?’{?aﬁt REe RUIERI®hSssay to provide i nproved
specificity. It should be understood that such inmunoassay

t echni ques ar e(3not arcesibinaidrettlertal, tldle use of 10 anti bodi es but are
equal ly applicable to any colourinetric or fluoronetric assay. FACS
detection In ope: ﬂgpdinent the detection systemutilises cel
sorting (for exanplé via FACS) to detect and quantify | abel ed

pol ymer particle conplexes and thus the bound tar conpgnents. 15

et,
Fl ow cytonetry can ®e ugdgast en@@ﬁt&ﬂ%ﬁo@niaﬁaméﬁnhﬁﬁpg?f@&&ew Smga

characterise pol yner pabgwﬁkp?m@@gghgﬁgamgﬁngﬁe basis of any of a
nunber of pre-selected properties. MeasSurable

15 (b)  atleast one additional fusion polypeptide, the additional fusion
polypeptide comprising:

(1) a polymer particle binding domain, a protein that comprises
a polymer particle binding domain, a particle forming

protein, or a combination thereof, and

20 (i)  afusion partner comprising at least one polypeptide or at
least one binding domain capable of binding one or more
target components or one or more coupling reagents or a

combination thereof, or

(i)  a fusion pariner comprising at least one polypeptide and at

25 ieast one binding domain capable of binding one or more



properties include size, volune, viscosity, light scatter
characteristics, content of DNA or RNA and surface antigens. The
pol ymer particles useful and conplexes fornmed in the nethods of the
invention are separable on the basis BB any one or nore of these 20
measur abl e properties. Flow cytonmetry techni ques are well known in
the art. In one enbodi ment a taiguedmpeidklsadt bR orGhord SbuplTEY reB@hisicp b €S
and/ or polyner particles di scp%r@é‘hn%lg m xed popul ation of  fusion
pol ypepti des can be used to s€ i t%fﬁ?i{(@ for a plurality of
different target conponents. Such polynmer particles can be used in
mul tiplex analyses, to @val yskasiehewpdser péptide of SEhGAbuTRARAMPSRide,
nodi fiers (BRWs) that are co 25 expressed by cells that nediate

i mmune and i nfl anmat ory respooﬁses. BRMs such as cytoki nes,
chenoltines, inflammatory nediators, receptors and i nununogl obul i ns
associated with il fss @wy-cdinbipatim affwyo trendratigedogd. The use of
fluorescence-activated cell sorting (FACS) in nuliplex anal yses

usi ng pol ymsr Rewthdigh s RiviiddSark: AL .109 . detecting, an
opti onal | y@sol atin éf;mtI{agyinn- g%rggl??@ Ié agﬁgﬂéh(gn Iils%néal t\a}tgeﬁc@fP@P%e%B‘?ucg
target conpondit Seilision parngibinds Beporttermpaphi tddoiet @eiplan | n one
enbodi nent an am no acid sequence encoding a reporter peptide is

fused to tlag Bebalyitld lﬁesgggergrgggeggeq,tfgjegaég& %gézﬁehpgn& o the binding
[

. T C
dormain. Alternatively, a reporter pepti s provided as part of a

separate fpsion pol ypeptide. The reporter peptide is itself
det ect abl edtB r \R/P‘Fqn%g‘fe%?%%% the BRlvmen nariclks centaiaing e bawiddaregiconpenent

Reportl@r pepti dem thsafple herein include | acZ, luciferase, alkaline
phosphat ases, peroxidases, or green fluorescent protein (G-P). 10

Reporter Ld are those that allo ol r particles containin
thg reporﬁglfg%)eeogﬁfp ggl m{}l CHE S ?}ﬁs??’?éiﬁ%ﬁ@dﬁgﬂﬂ%%@/ﬁ@mpﬂ&ﬂsioé: els )

that do nautergng aelhkione in epat(MitsgpRlos Gext al,Beppr ter gene expression
is generally easily nonitored, since in many cases, the cellular

phenot ype 7ing pakd ek gﬂ%l% gétéctﬂa%ﬁe e alﬁoq?sta}%%}{%{f% ?nggglg mo gep(ﬁggjgflﬁf%\aﬂ%ngﬁ -

alteration, such a presence o
out | i ned HRelyaienpariiciethatiiess haitohntbin ehelste]. ofhellfbel thay BEhcdBorafde into the
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of a substemplex,gk mey belatnghddte the polymer particle as a reporter peptide.

In one embodiment the label is coupled to a molecule that binds to the complex. The
labeled molecule may bind to any part of the complex, including the polymer core, an

element of the phospholipid monolayer, an element of a fusion polypeptide, or to a farget

20 component bound to a fusion partner.

Detecting the presence of a label preferably includes measuring the intensity of the label,

allowing a quantitative measure of the level of the target component in a sample to be

calculated.

In one embodiment two or more labels may be used, allowing the simultaneous detection

25  and quantification of multiple parameters.



reporter peptide (e.g., chronogenic (including fluorogenic)
substrates for reporter enzymes such as |uciferase, 3-gal actosi dase,
etc.), or, for exanple, by conferring a drug resistive phenotype
(e.g., using DHFR with nethotrexate ¢l ection). 20 Reporter peptides
generally fall into one of several classes, including detection
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milk protein, a macromolecule, a drug of abuse, a coupling reagent, a polyhistidine, a

pharmaceutically active agent, a biologically active agent, a label, a coupling reagent, a

library peptide, an expression construct, a nucleic acid or a combination thereof.

25  In one embodiment the fusion partner encodes Myelin Oligodendrocyte Glycoprotein
(MOG) or fragments thereof and the target component is an anti-Myelin Oligodendrocyte
Glycoprotein (MOG) antibody or fragment thereof.

In one embodiment the fusion partner encodes an antibody or antibody fragment that will

bind a target component related to Type 1 and Type 2 immune responses, apoptosis,



gal act osi dase (Nolan et al. Proceedings of the National Acadeny of
Sci ences 20 1988; 85: 2603-7), 3-glucouroni dase (Jefferson et al. EMBO
Journal 1987;6(13):3901-7), horseradi sh peroxidase, alkaline
phosphat ase, and SEAP (e.g., the seclléted formof human pl acent al

al kal i ne phosphatase; Cullen et al. (Methods in Enzynol ogy 1992;
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Accordingly, the present invention also relates to the use of

| east onelzpéq))yﬁtﬁnubéﬂ? W@F@Phﬁgﬁcph%ﬂm%ﬁ’é@w%ﬁ‘?c%@GMQ@$®F1‘§F3VF%B‘{§5¥1 on
of at 4 Ca5d1 200G LAl HCLsp pfie! ReRER e v'f;eﬂ I%te?l@ﬂ@ﬁ 8 (ILSH) BhsicFibroIRd: REWh

particle conprising at |east one fusion age ptide that conprises at

| east oneFactor ARG, AegiegeninAEELW qsqzul@;.Emdothelt Beperrth BesriprdNERE): 2pch
al ternat i 6, erRod) ﬂ?ﬂ&or‘{?ﬂ\%‘?‘%’c&&‘ﬁﬁmé APy LEegaRTREOCESS for

screening a pIura erent target corfponents in parallel for
t heir aquGQI#/RMTM)eh@nmlawmﬂmad pabterbarer (GXGiWMMI Py Mpoasin,

corpri si gD ohl B8 S(CRRSMEPNS A6 Gl Rk plddshdo sampl s

each con alning at | east rent’ target conponents with
a m xEd pepiHEniIBA0pf pol yner particles, preferably wherein the
particul ar target conponent is inmobilised; and detecting, either

directly gﬁnaoag 'ofhﬁgxi%ld){maﬁm? 'b%s‘erdqstoingranmod{egﬁ) tHé‘EﬁrfaEélbﬁﬁe ﬁcﬂj}rﬁ&t

conponent ndi n na|n using a | abel or a |abel ed
subst r at epartigesT: Meatmgé@@h@nadlwﬁ@ﬁtﬁctm thef epp beapedting vargtkpk s for use in

the detection @ﬂapmgf)taﬁ&aﬂke c?e@écﬁﬁﬁﬁﬁ%h%ﬁon@t | east one target

conmponent 1 n a‘sanple reint ts tacilitate the enpl oynent of
the processes and systens of the present inventian. Pr‘fferably Kits

for carryinrege smbodimpeithioysioh parier SORPEISTSI b @Hhedy; Binding doPKE: necessary

reageps s LQrLAly i 100biddi RMRRESSh asHBteltl A SoriRingHRDI 3L EOMRIidsEZ One
or nore containers, 15 containing for ex ngl e, wash rez\ﬁnts and/ or

ot her r eadfEwinhavingthe sedpmeeiat &uthiip gmimacidptbioddd of SEQARIYA ar gring

det ect abl g;dsahgliss bistd e f@rLext of the present invention,
conpartnentalised kit rncludes any kit in which reagents are

ggm :: 2:? Iorrlle Seglggc{u%%r% o%?e? %g bxrﬂmg pr%?e?nsrge ds ?Atég% e;snﬁlrcl)teig ILamsgy also
be used. Protein A and Protein G exhibit high affinity for the Fc portion of subclasses of
20  IgG from many species. Unlike Protein A and Protein G, Protein L binds to
immunoglobulins through the kappa light chain and as a result binds to all subclasses of
Human, Mouse and Rat IgG, but not Bovine IgG. Accordingly, Protein L is useful for
affinity purification of antibodies from culture supernatants containing bovine serum and
from the milk of transgenic animals, Protein L also does not interfere with the binding of
25  an antigen io the antigen binding site and thus is suitable for immunoprecipitation and

immunodetection.

In one embodiment the fusion partner encodes a receptor protein, a subtype of a receptor
or a subunit of a receptor complex, or a fragment thereof and the target component is 2

receptor ligand.



pl astic containers or strips of plastic or paper. Such containers may
allow the efficient 20 transfer of reagents from one conpartnent to
anot her conpartnent whil st avoiding cross- contam nation of the

sanpl es and reagents, and the additiqgpgof agents or solutions of each
contai ner fromone conpartnent to another in a quanti tative fashion.
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conponent Seteomimehduct t he appropriate processes. 112 In one
enbodi ment the present invention conprises optionally isolating at

| east one el éﬁﬁﬁfd% @1‘% {Hg(falbgleg %‘i&?ﬁl rgqgtfe%dtbycg aQIngr%p qﬁcé]i from those

pol ymer particles eP& j 5ol at ed
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System | AR LAyl e R LSS Far B . v
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polypeptldes that fonn |ncIu5|on bodi es when expressed in cellular
expr essi oAt gipsEEhediment the tivel ipetyplti emondoloaali antibuttids ot wéil Bit@girdotly a
process f%th@%@rﬂ;‘{l%& ng reconbi nant 15 pol ypeptides, the process
conprising: A oviding a cell conprising at | east one expression
construct corrprl sing: (1) at |east one nucleic acid sequence that
codes f or Thoreggberinisst 3/ pEpary aetibogiis usqd kit bindp b thpepiiilele fadionpd bsang a

pol ymes padbeldohiie® sdadihdagy 4RBBd A% gﬁxld F}J %@Bﬁ1n9&%n%od¥_pept i de that

forms inclusion bodies vihen expresse

In one embodiment a primary antibody is used that binds to the polymer particle or the
target component, followed by a biotinylated secondary antibody. A streptavidin-coupled
label is then used that will bind to the secondary antibody.

Figare 21 shows a schematic view of the microbial production of antigen displaying PHA
20 granules, their use in binding antigen-specific antibodies followed by detection using

labeled secondary antibodies.

In one embodiment a label or a labeled substrate is provided in the media so that the label
is incorporated into the polymer particle during polymer particle formation, or is allowed
to diffuse into a polymer particle. An example of dye incorporation is given in WO

25 2004020623 (Bernd Rehm) which is incorporated by reference.



20 cellular expression system and (2) optionally (a) at least one
nucl ei ¢ acid sequence that codes for a particle formng protein, the
protein conprising a polymer particle binding domain, or 113 (b) at
| east one nucl eic acid sequence that wgdes for an additional f93|on
pol ypeptide, the additional fission polypeptide conprising: (i) a
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coupling reagents I"nat on er eofoor (tii) a fusion
partner conprising at |east one polypeptlde and at 10 | east one

bi ndi ng dofenAeBbodiment pply e nartclag mhayrhg immabiisadon seplidsubetrtd, patfirdny
t hereofs of, z(ﬂ)lé{t): sw?cth als %@EHS Et?até gﬂﬂf Q%I'ra %Bta'bg 2 ?sf f@ E%fene bead, in

purification peptid |on ereo
cultlvatlﬂgm@W@mb@MrmﬁﬁmﬁbQQMUmwwaﬁﬁnsumnable for expression of the
fusion polypeptide and for formation of polynmer particle by the host

cell; and Iﬁbt}ﬁpémwm%érﬁ{s tﬁ@ﬂﬁj;rﬁér' ictel Sar (RERALERRHH B 'sX:HfﬁQ‘iﬂ &‘Eﬁm rom
Bo

t he cultlvated cells tion of Inclusion i es
frequent @S I@dﬁ’éﬁﬂ:féfgé‘f COmPQFPDé@‘FCé@SJS@ﬁ clijogetvgtsphnifor pxmré%ra labeled
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aggr egdt i glengrthe (i witid gy eentashp telsfaﬂr%ﬂnﬂ@m}’ei? afvisitle signgbaPlagadstit engt h

polypept|q§§uﬁg§p&ﬁﬁg@§phﬁﬁ&_§ﬁkgﬁ fol ded, native protein. A nunber

of factors are thought to pronote the formation of inclusion bodies
during ‘

Immunosorbent Assay Detection
Enzyme-linked Immunosorbent Assays (ELISA) can be used for the detection and
quantification of the labeled particle complex. ELISAs have well-established protocols

15 in the art for the measurement of target components in solutions.

ELISA techniques used for the detection and quantification of the labeled particle

complex include any of a number of well known enzyme-linked immunoassays.

Examples of such systems are well known in the art. The assay techniques are based

upon the formation of a complex between a complementary binding pair, followed by
20 detection with a detection system comprising an enzyme-conjugate label and a

chromogenic or fluorogenic substrate.

In one embodiment the ELISA is in the “sandwich” assay format. In this format the target
analyte to be measured is bound between two antibodies — the capture antibody and the
detection antibody. The binding domain may form the capture antibody or a capture

25  antibody may be bound to the binding domain.

In another embodiment the ELISA is a competitive assay, where a labelled antigen is

used instead of a labelled antibody. Unlabelled antigen and the labelled antigen compete



reconbi nant pol ypeptide production. 114 WIkinson & Harrison (Nature
Bi o/ Technol ogy 9, 443 - 448 (1991)) studied the cause of inclusion
body formation in E. coli grown at 37C using statistical analysis of
the conposition of 81 proteins that 1ge and do not form i ncl usion
bodi es. Six conposition derived paranmeters were investigated. In
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NusA, MBP etc co- ction o exanp
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15 and/ or di sul phide isonerases, secretion to the periplasm or

out si de t mesheftlve uﬁd&s‘tb%ﬁm?a?Eucﬁflmnﬂﬁ&géégttéc%ﬂﬁéﬁ%er{o@fe%ﬁteggc?ﬁg use of

expreSS|on control, in vitro gene expréssio

mut ant'8 ( ERikpdiss Putﬁmﬂiu@ﬁwphwbwpmwmwm fieroatrkegsmynd have
been enployed to overcone inclusion body formation in cellular
expr essi oA d&2édion FOr exanpl e, vector plasmds are tentatively
divided into four classes based on their copy 20 nunber (the copy

nunber is def| n d as lasm er chronpsone):
very hi ghZ&S% enh P%T\E}%Q%%ﬁggnﬂsgmb&él?%srﬁe S?F‘E%Efér%) %IGY%F%%%@S per
chr onos omdeteftphiCquwatfydsiz)cd poiygier ale BotflStes WAL e bhRrORGOPI €S,
pBR322), nedi um copy- nunber vectors (about 10 copies; pACYC 177,

pACYC184 WP °d’§’6§i01) and | ow copy- nunber vectors (1- 2 copi es;
mni-F). In sonme cases the use of nedi um copy-nunber 25 vectors can
r educést h&laangtmoetyfean bewwat iosapiratp aod ﬁinﬂlta&ﬁﬁﬁsi}odh@ﬂabtbﬁsdpbl}mﬂ@)ﬁﬁﬂ&le

their ]9 Lern atl el hi unber vectors can be

used in cor}ﬁ%91 %%135 fgrcl) e ?Ilswo E'X'BIF% r§ rgglg%/]% TORCrigse aF“HQS‘EtI?/ pe | ac

pr onot er . properties include size, volume, viscosity, light scatter characteristics, content of DNA or
RNA and surface antigens. The polymer particles useful and complexes formed in the
methods of the invention are separable on the basis of any one or more of these

20 measurable properties. Flow cytometry techniques are well known in the art.

In one embodiment 2 mixed population of polymer particles and/or polymer particles
displaying a mixed population of fusion polypeptides can be used to screen a sample for a
plurality of different target components. Such polymer particles can be used in multiplex
analyses, to analyse networks of biological response modifiers (BRMs) that are co-

25 expressed by cells that mediate immune and inflammatory responses. BRMs such as
cytokines, chemokines, inflammatory mediators, receptors and immunoglobulins
associated with illness or disease may be targeted. The use of fluorescence-activated cell

sorting (FACS) in muliplex analyses using polymer particles of the invention allows




If these conditions and factors do not enable significant production
of functional protein, proteins are obtained frominclusion bodies
via refolding and can be clearly categorised 115 as "difficult
folders"”. If refolding is not succesgbul, the protein has then to be
isolated fromits original host by classical protein purification
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enzymes such as luciferase, 3-galactosidase, etc.), or, for example, by conferring a drug

resistive phenotype (e.g., using DHFR with methotrexate selection).

20 Reporter peptides generaily fall into one of several classes, including detection genes,
indirectly detectable genes, survival genes, etc. That is, by inserting a polypeptide into a
gene that is detectable, for example GFP or luciferase, the expression of the peptide may
be monitored. Similarly, the insertion of 2 gene info a survival gene, such as an antibiotic

resistance gene, allows detection of the expression of the peptide via survival of the cells.

25  Reporter peptides fall into several classes, as outlined above, including, but not limited to,

detection genes, indirectly detectable genes, and survival genes.



avai l abl e from other nethods. Wttrup et al (Nature Bi o/ Technol ogy 6,
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par amet er axtick. compnhag the datvaa’rﬁ@pmteims ﬁete(ft&hi&]‘lwi@loﬁt&'ﬁllﬂ(iﬁﬁ enahipatibarr

cyst ei fraction rol cti.o drophi|igcjity and total unber
oF i o serrerBo TS i pebiBRt Permrmabst bt doRtr arst el dues
(aspar agl mans@{reytmdrsangxﬁshqjame:samdalsexpleseihgamdie&b@mbtgé@ Ghfsge per
residue (fr cal on._ of, p(asm and H ativel charged am no aci ds),
wer e oundiBuEER SigbE IR E e hOs Gore R e Dyt OF A A
conposite paraneter (C\/—canonl cal variabl e) dependent on the

cont r i but ilon poffered elnbodimbinethi rabosterchiepili dedsTh exmoseaigebenditodeiehivedteiand 1 S

as follows;

{[(R+K)-([9¥‘Ef%"ab‘“§§}sé%ﬁ%dry ?ﬂ (Eiﬁba%‘g]“}"k‘?eﬁ?&d%ﬁﬂlﬁ@%@e the absol ute
nunbers of asparagine, glycine, proline, serine, arginine, |ysine,
aspar ti0c d€irebndhudregdent aotcin” acT@FR ‘dsiciilie sieames pmo{ﬂuumbgcpt @nginthits t he

15 total t hreshol d

di'scr i m ndtiigly ShiphEhaEte: Sty Yol PEME i Ra i £E08S g,

6: 49- 59] \vim33§ amUnQ)mdsenilmgthdaoatamsguncsiiﬁed$mbapbdiaeﬂtp1rmﬂxereﬁmr1éd mride a

i 11 or oncd P RS B ihabs FEEEbRLEE ol NS amiihn vy ey, o
di ffer encesolvam’fgaq_:nchlhg((}(zb'reoal qur:immzm;»swﬂhaz(ﬁ} Ht1ei&) Oneo bieall, ﬁéaicubl e.
o SO PR B RIS S0,

[ Koschorreck M et al., BMC Genomcs. 2005;6:49-59]. Using the

per cent agéOtherohitdbid detecigble proteihsinelindey apongt @hars 1w (Fppakbiual Krivunen

bei ng- sol Jar S Gdbue Al UAHEbaNEERIE A KEABST HA Gl ™
[ Nat ur e BifiglogicH (Eeoigyy 99994281 13284:81 [); Tegitpmueller U.S. Pat, No 6,232,107), 3-
galactosidase (Nolan et al. Proceedings of the National Academy bf Sciences
20 1988,;85:2603-7), 3-glucourcnidase (Jefferson et al, EMBO Jowrnal 1987,6(13):3901-7),
horseradish peroxidase, alkaline phosphatase, and SEAP (e.g., the secreted form of
human placental alkaline phosphatase; Cullen et al. (Merthods in Enzymology
1992:216:362-8)).

In one embodiment said reporter peptide forms part of the fusion polypeptide in
25 conjunction with the particle forming protein and the binding domain. In another

embodiment the reporter peptide may be used in combination with a labeled molecule,

Accordingly, the present invention also relates to the use of at least one polymer particle

in the detection and optional isolation of at least one target component in a sample, said



For the PfEMPl domai n dataset, the CV-CV values, probabilities for
sol ubl e expression in percentage, relative nunber of turn formng
resi dues, charge per residue and | ength of protein sequence were
conpared. Additionally mean sol ubilitly propensities along with 117
the | ower and upper quartiles for each domain group were conpared. A
webser ver Ligle Cah e BlRioR db that QMFis@at least one

http //vw@vhgﬁertper haog1 éﬁgl@d{‘%sregon& r?gﬁgajélol ypepti dle may conprise
varl ous h@ndnpapanhatiyid tbaidrstagrinoawsesdt.i n - cel | ul ar expression
systens, for exanple, HTLV-111/LAV virus antigen, HTLV-I1l virus 5
antigen, KILMhariv 5rHl§)dﬁﬂédt gfhe nﬁf@l‘iﬁoﬁ%dv%s h@%@s@‘f@} s¥ileEM ﬁ%@ﬂbiaﬁ@n

whi ch appear as inclusion bodies under commonly-found culture

condi t i onef diffsrens targpl ermnerentp inaaraliakiorGeir alﬁhﬁé(ﬁﬁﬂﬁ%:t pehergicyrowt h

hor mo D6ARS Pk BhtaGRB A rd BLRlsAnples each
fibrob asth‘lﬂﬁ é&?&él% g?\lﬂ %n ?jrlllsu melﬂsc())rra?osgatlﬁ al psa pgsetag and
ganma i nt enfagriegat leastiole pEthe different @restrompenents Witkshwied pppristivohod of
the inve £ Q RO hhdi R pRnessed
in cell ulngrﬁgef rﬁreng%? %e?%?tél?%@reﬂf\}% @?%g% &H |ens1 accu%rul ate in
the host datdcling, giher ds‘@ltlm lot mdlrmﬂhfu@ﬁ ovterinian e%*fhe Wﬁgﬂ@‘ targelicAmaRePrbody

[ 1 agent s, & ipkind BYE.RLANE 21BLYo BeRMaSAM:AS |1 0ands in a number  of
bi oseparation app Fcatl ons d ron'to their specificity and
ability to be reproducibly produced, the snmaller size of such

f r agnttht sThespresniiaveation asohlgies tollg tsfertuse Bidhedeteptin pudRrdiand dqledipres £ i ¢
bi nding o B SRS DANE R HS B hQliteRARAEAISyRerk Bf g€
nunber ofétt%?ggent é%@%r&npor?ts ﬁ{ns%ﬁ%l ng fractionat |1r?g enaﬂ%ls)(’)mars in
racemc rﬁhﬁpmc@ﬂgesan@S)fs@m\péthecwesﬁﬁfém@nfmngam sms from food and wat er
sanpl es. The reduci ng environment of the cytoplasmof cells inpairs

the for mableRpb®f, kid 81 caridaarO M Rthod bsML RIEMR ROMES 2B SiEaRtdsadry f Or t he
correct folding and functionality of 20 single-chain antibod) ergScFv)

f r agment sTCAZRATSHP SR Whthe REPCPSy WB% P&Pf‘?meP]MP’E}EF%’rPnBBHWQ? contat

Accor g4 nglofeaidRStor é&&g& %ﬂh%@g;eﬁg dubl/ol BReiG¥AJeRk dgiblioftstalimgies) are
nostly inacti ve Pr oduci n vs as fusion pol ypeptides bound to

pol yner peieseied & @W’fﬁrqf@dﬁﬁc"a\ﬂfﬂéﬂ%l the production of soluble, active
forms, in both reducing and oxidising cellular environments. It is

al so Concﬁitﬁ@&ln%xt &tﬁd}gbﬂéﬁﬁhvefnﬁﬂﬁtald@ﬂ@émﬂéﬂtﬁliséﬁlhﬁﬂﬁddﬁ@&ny whimckhictan be

fused to the (Partlgleform r ot ei
reagents are confamed in Separate coiitainers, and may include small glass containers,

plastic containers or sirips of plastic or paper. Such containers may allow the efficient

20  transfer of reagents from one compartment to another compartment whilst avoiding cross-
contamination of the samples and reagents, and the addition of agents or solutions of each
container from one compartment to another in a quantitative fashion. Such kits may also
include a container which will accept a test sample, a container which contains the
polymers used in the assay and containers which contain wash reagents (such as

25  phosphate buffered saline, Tris-buffers, and like).

Preferably, a kit of the present invention will also include instructions for using the kit

components to conduct the appropriate processes.



Intracel lul ar binding of intrabodies to a LacZ (beta-gal act osi dase)
di mer nediated the formation of the active tetrameric LacZ which
activity can be easily detected. This was used as a screening tool
for functional intrabodies after randgm nutagenesis (Martineau 118

et al., 1998, Journal of Ml ecul ar Biol ogy 280: 117-127) . Thus simlar
screeni ng [ nal

i ntrabodi eIé1 %?%'ﬁ&jgg?]mﬁ@b@@mwh%ﬁ&%ﬂl Gs %% H&[ Lglsgm{?% cl %as oglr m ng
protein e n%ymﬂ@alé@leahﬂﬁ hizds a ‘@fget tvenporsp Somi these uanlu'mabpaﬂiyclmsdhatﬁh eot.
particle. Is m guyences of a
w de nunbe?le?é nt Pﬁghg?rgagfs 15‘3%?@%3%8&&? ?’ %dglg drrarcl)lﬁlélr 1’29 blrﬁ ﬂ‘r‘? SE

cyt opl asm@mpeeﬂnts can be produced by a process of the pr esent
invention. During nodification of the genes which code for proteins
whi ch, n 658 I

possi bl'e tqg oﬁﬁf}?oducgﬁ g%ﬁ%ﬁ%@%c&&\%ﬁmﬁ@%ﬁ%%l&s&g ¢ Eﬁg:%]gldoﬁl llngor@ldst%t
into the de3stonedpreet comperent ars isolated obippe plihbie of wiptiatitrhiecimiglics fremarin
pol ypeptidgs,pf fragments thereof have been expressed and the pol yner
particles have been forned, it is possible in this manner to use the
di fferent fusion polypepti des to nultifunctionalise the particle
surface. TRio8e PripEadt theshites isgsecHio diplatortirsicona depined fargst esrhponargs
producti Orﬁtﬁiﬂgmlﬁﬁga%%@? iR bidRGL EABALLSRHEQ g{]s}’eg?ﬁla?ﬁé lde lttel’%manS

Hi gh-1evel expression of reconbinant proteins i en

resul t¥ i it {ead opoynfgsiredriarest comprrentstama bumtiles. The i nventors have
found that expression the reconbi nant pol ypeptides as a fusion

pol ypepti de t h@toduchig of RcéiBinRR phifpfepid@dst i cl e it forms either
directly or indirectly allow the forrratl on of reconbi nant

pol ypeptid active forns, which can 20 subsequently be
cl eaved f r’% rélstcﬁge(i)gﬁof/’ﬁé]?e IERS IEY‘“’@“%’ETI#%S(S‘P Blogggses Eﬁbﬁoé’é“é’il&fﬁc‘tmnaﬂt

r econbi nanblypeptiipethbt fh@s incRisian BetidshliRn aRstedsd ineglldian egpl%saaﬁlt Shbhal 1y
reduces the cost of reconbinant protein expreSS| on. Furthernore, the

met hods of Vi Qn al | ow .t he, pr oduc ot ei ns whi ch
to date haI{klEégenentlﬂorﬁl n%n%)# IpEnen rel?tg%lft? ispﬁf’ g‘ff“?cere lmht ly, due
t o thelisr tpelydeptidss, the phavesn dometitisg: on bOdI es. 25 In one enbodi nent at

| east one nucl eic acid sequence encoding a fol ding chaperone or

A)  providing a cell comprising at least one expréssion construct comprising:

(1)  atleast one nucleic acid sequence that codes for a fusion polypeptide, the
fusion polypeptide comprising a polymer particle binding domain and at
least one polypeptide that forms inclusion bodies when expressed in a

20 cellular expression system; and
(2 optionally

(a) at least one nucleic acid sequence that codes for a particle forming
protein, the protein comprising a polymer particle binding domain,

or



chaperonin is present in the cell and assist the folding of the
reconbi nant pol ypeptides into their native, functional state. A
nunber of different famlies of folding chaperones are known in the
art, each acting to assist protein fdligi ng in a different manner.

Fol ding 119 chaperones that may find use in the present invention
conpri se Hsp60, HspED, H$m9ﬁ oanthucldisqidRqudaBOmar d8estibeanGdefbhdr OES

conpl ex, DnaK, HtpG and B fam | respectively. G oup
| and Group Il chaperonl 0@'1331’ %b@%ff&dtf‘m@%ﬁé?B?\l&eﬁlﬁ%ﬁowﬂl&% o)
be used to assi st reconbi nant pol ypeptide folding in the present
invention. 5 In one enbddi neapolylmer pmlﬁleeblﬁdlﬁg:ﬂdnﬁlﬁ;(i@cﬁt@@ thalf €omprises
reconbi nant pol ypepti de nay be ol di rect l;])é/ c? or. i ndi r}%ct ly fused to
the particle binding domain tRPSGGHPE P BedomsiRadarisle famipgr of a

desired length to facilitat epiontigpencentindioh eicrgr,ahd t he fusion
pol ypepti des, preferably about 1, 5, 10, 15, 20, 25, 30, 35, 40, 45,

T TR, B T e T e

protease cl eavage recogniti okastsegiatiogdansin etbreet Woe conpitlggbapeasi d
sequence encoding a particl eorfaocromb tglt EI§ and the nucleic acid
sequence encodi ng the reconbi nant b[% &p Pd& A protease cl eavage
site allows the reconbi nant pol ypeptide to be readily isolated by

i sol ating and puri fyi ngii}) hea peloy petnep sertprisings lehdtene paydeptidd aag at he
partighes with a protease t A2 r econbi nant | ypepti de
from ?Re particles. Suitabl gl %#g%ekggcgg%l é%a\%%reonlggégﬁ’r:ﬁct‘)ﬁ@ﬁ%ér Hiences
conpri se an enteroki nase recogmombontiseteente ( DDDDK), a thronbin
recognition sequence (F/GPR) and a Factor Xa recognition seguence
(ITEED&R). I n one enbodi t

sel f-splicing el enent Slrj[g{: a%h%ﬁ@htﬁgﬁé&%%%grﬁﬂﬁgggﬁn%a ons%elpf%l ng
host proteins adapted for us® in reconbi nant protein expression 20
and purification schenmes. Intein cleavage can be nediated by pH
changes or the addik) onaedhibth@los thefeogonpr ehensive list of inteins can
be found on the InBase intein database and regi stry at

http: 4Lt eh. coi /i ndex. phh Perl er . B. (2002).

Nucl e e X@ Cﬁggm g% %g?%%ré’ﬁ?%ﬁﬁﬁééfo?b&ﬁfﬁ%ﬁ‘mqsﬁ%“ plohgHeionparti cl es
can be separ atmwpéptﬂdmaﬁdlﬁrIﬁ&ﬁfa’u&ﬁéﬂpo%eﬂbﬁﬁ@l@byﬂﬂ hbdiell;4pd cel | and
recovering the particles, preferably by physical disruption of the

cell foll @}‘“Ed o?ﬁonally separating the recombinant polypeptides from the cultivated cells.

The formation of inclusion bodies is a fiequent consequence of high expression
recombinant protein production in cellular expression systems, where quantitative
20 production of the recombinant proteins is strongly impaired by the aggregation of

unfolded or partially-folded full or partial length polypeptides rather than correctly
folded, native protein.

A number of factors are thought to promote the formation of inclusion bodies during

recombinant polypeptide production.



separation using a cell sorter, centrifugation, filtration or
affinity chromatography. Such separation protocols have the
advant age of quickly and easily separating the polyner particles,
and t hus the reconbi nant pol ypeptidesll4fromthe protein content of
the cytoplasm 120 Purification of particles mght enploy the

addi tion (whembdmat ByrRbn Mok BidTeckRISHO! mw-)mgbmls@ﬁuh @ chikelone
surface enahli.n ffinity purifjication and/or adsorption to surfaces

al so for SEFBEN H9Y FUFALELE £ exfestows sty HERs Falistird pealysisd hseen

i sol ated, dohosi@aTRi PAMInPOLYRSRY HEES S inB18siSn B4BAY 86k Lhphitide
pol ynmer pgckt,l cles and isolated in a substantially pure, soluble and
active f diHYeIBEaNSFOveE dwestagied afngeging orden adithed canelatianrwifldi ng

st eps requhiefod Rdl &Rhatish, tRYatblerABduRAChHENE o YeCiultStofhifPtdsiagd Usi on
bodi es. 8. Screeni hg One aspect of the invention telates t0

di spl ayi ngtasHer. sxsedisrfiasgopepling gctignduigpbilighy, andtatal prabdresresidushe
surface ofppehyiEk ﬁgggéggg% oduzgtpinmm@kﬂeqa&engaémg co%pﬁg % gan be

broken down into t ral categories depending on the nature of
t he pepti deorpefthepedpgpleifed. These are display of (1) proteins or
protein fragnents; (2) antibody fragnents; and (3) random pepti des.

Di spl ay of AQRbRERIY) fhaff hidhHH8biR nicideiE BlokitaPulRoMs B Srdtnd Qﬁ;&dt@ié{s
catal ytic and non_15 cat ?__I@étl c ‘prot eins or_fragnments thereof that
bi nd ottherbapoyting Hguphidechriciees are likply forfrum inplysioRRpdies in aqllylsn pxnressien |

lipids or simhi. GCREFLERLoF RS idREAAR HEe BhodnRHAYRtRascktc! Udi ng
conpounds that are ‘agonists, antagonists or substrates of the protein

of i nt er edtolypentide shaigsy sanglsadhesfiigientia dndyeaihe dymgtiorofiinrbysiantbpdishzy nes
that catalyze particular reactions, to study the interaction between
protei n doshibilfaishtadshibdr 3RenF1ONEXD MR e tB)), o SirdthiRi®H &HicRapéfones (for

i nteractions, ei)p%elg’lr(grl Eé i tel’éji(_:tl ons with nultifunctional 1prot ei ns,
ant i bodi ese,xarfl@_ﬁ 3] 0 ﬁEFr'Bpﬁ“ CeFEPHORS GREFIAIY ldad CapEsCIPBickpl ay
of rangomaaept diclashidAiBork@adds Qkrbifbné e paiplashPdSoutshidihd & RflsindnOof
identify novel %ce}ptl des that bind to target, nolecules of interest.

Di spl ay ofP ¥FIGIEYPBFENeINE GYRreTion Grmteh-dn VigarEenc eiPErTion Bardlias fe
region fragmedkstsYO6Bas provalh AR« RRIE oyfRR DR MS 6 thdlRvd SRR EkP¥yed
anti bodi es that bind to an epitope of interest.
to overcome inclusion body formation in cellular expression systems.
For example, vector plasmids are tentatively divided into four classes based on their copy
20  number (the copy number is defined as the number of plasmid copies per chromosome):
very high-copy-number vectors are present in more than 100 copies per chromosome
(pUC vectors), high-copy-number vectors (15-60 copies; pBR322), medium-copy-
number vectors (about 10 copies; pACYC177, pACYC184 and pSC101) and low-copy-
number vectors (1-2 copies; mini-F). In some cases the use of medium-copy-number
25 vectors can reduce the amount of recombinant protein sufficiently to prevent their
aggregation. Alternatively, high-copy-number vectors can be used in combination with a

wealk promoter such as the wild-type lac promoter.

If these conditions and factors do not enable significant production of functional protein,

proteins are obtained from inclusion bodies via refolding and can be cleatly categorised



25 Processes of screening target nol ecul es agai nst pol ypeptides are
well known in the art (Canpbell and Choy 2002; Gol ebi owski A et al.,
2003; Jager et al., 2003; Pini Aet al., 2002). 121 1In one

enbodi ment the method of the inventildA conprises contacting the
particles with a conbinatorial library of target nol ecul es.

Pr ef er abl % <yrgcoeRicRat HEdf@lelghsbfio%t)bc&fsﬁll Aiegebteinto tentods mqumr i ses a
conbinatorial library gr otein domains.or fra i es

ant
anti body Femdgrerigigal h@?t béirc sFgAE PIgFeI %ﬁﬁg“%ﬁﬂnd’f@ﬂ &i“ﬁé% h%a% I'n
one embodj.peRiLish fidlg. conmbi natorial library is di spI ayed in a
mcroarray. In preferred enbodi ments polymer particles displaying a

recept or pol ypeptide (such receptor 1e pt.of a
recept or EﬂEﬁPr%PeFSF% %?Te‘feﬂgr“% né%ﬁmglémtrf%od&%an 8jfe§enen

conbi nat o ﬂo&hcubh By 18516815 (0 BEJrateion gr b estblaiak oppropéiptiioteinclasitn bafjesr i al
l'i brari es? and identify binding interactions wth candi date |igands

that are gagonists,, a ni sts, ar bstr tes tor of
i nterest. %FFP&?P‘B?G egqomeﬁt{;deds ?ﬁ}?@%ﬁg% aoﬁte %ﬁf&: {)%gﬁgf pepti des
can al so {gen@® atpa@pqﬂldwmfha prebiiih@?beelﬁ[ﬂemuined tocfomdmnmszb:yb@dl@sﬂwn

articles which have tide that_.inter
!to ar get moPETFeE in pgl 815?1‘9‘-‘5&%@?% 'T%’E‘ &t ppheppt figre g'r ?a%aeaseﬁtag pﬁﬁﬁﬁ brary
peptide bhdaeisie, b@h ak i NEBIgRreAPLd databdse (_‘@L_Mﬁﬂﬁhe

o bty ek Byt i SR SN P R e B T

or RNA) Ofor%meafcmaes%mgw@m 1850 suehaatabaenpabadeardied by e
enbodi ment the_receptor poly ide . is sel

G pr ot ei nk&EEEE&PIc, P@E‘é‘&r& ?Vﬁf%?ﬂ?qtﬁﬁpqﬁg’fgt&[e&ﬂd inplads 1?‘%Spoi etin

receptor Sﬁlﬂhlﬁ'a%ﬂesraﬁ&&ﬁéﬁﬂ&bed%QQ&B@ITDI(I ne receptors, steroid hornone
receptors, epidermal growth factor receptors, toll receptors,

toII-Ilkerece 0 7TM recept '|de
recept or S 518:658%% ptﬁype?trl% &F Eél?céesd b teépresm%ao ca%ﬁate g&g%gﬁgé)ﬁl | gG
Fc regspt g6 canmamﬁ el fovnigolye@panicts snd dxamérieg mmunmcopudauy to
recept or pol ype e a sub e of..a.rece C rising 25
subt ypes ﬁ?temﬁ?g‘”fl%% opfot e@fﬂf’m'?sﬁé\é E‘f%er?gg? gy e?:ltélf) 1ﬁbmﬁésglrjbt ypes
al pha2A, al pha2B,

Expressing candidate polypeptides can be carried out as described above by transforming

a host cell with an expression construct comprising a a promoter functional in the host
cell into which the construct will be transformed, the nucleic acid sequence of the

20  candidate polypeptide, and a terminator functional in the host cell into which the
construct will be transformed. Following transformation, the transformed host cell is
cultured under conditions suitable for expression of the candidate polypeptide from the
expression construct and the host cells examined microscopically to determine the
presence or absence of refiactile inclusion bodies. Flow cytometry can also be used to

25  provide information on inclusion body accumulation at the single—cell level that is not
available from other methods. Wittrup et al (Nature Bio/Technology 6,423 - 426
(1988)) describe the use of single—cell light scatter measurements from flow cytometry as

a probe of refractile body formation in recombinant Z. coli.



al pha2C, betal, beta2 or beta3 of the adrenergic receptor; subtype
CRLR/ RAMP3 of the Adrenonedullin receptor; subtypes AT1 or AT2 of
the Angi otensin receptor; subtype APJ of the Apelin receptor;
subtypes BRS-3, BB 1 or 13132 of the jBgnbesin receptor; B 1 122 or
B2 of the Br adyki ni n recept or; CBl1 or CB2 of the Cannabinoid

oL O a3 BN e OSSR o URLIRSS

CXCRS SX@RG@ﬁr@XBWﬂI@{SO%ﬁiR Hafisort [hhtué&l&rmkdmelogee GEBOMS aem)ypa} ]
FPRLI o empgt acti c rec C3a, or  Coa of the
Chomot act 128 CERATE PR FeaBP ORI PELRTP SRRBIOGH HETReoGHOTEL 8 CRARH
recept or; 6 whitlBe:prestdn Rbulishe: foeikars. MEsdreaept Aialysrk g tbididpatd ke

Ei cosanoi receptor; ubty es ETA or ETB of the Endot hel i n rece tor;
subt yp ABPIgfetspgeor 1K FEEOFH 0D 185 - —GPATER YRS Mihe
Gal ani n r esePRhOfcrdsRANBE cg'rfémﬁ:r&ftmn tﬂﬂﬁm@ﬂa@ﬂidn”hﬁﬁ@ﬂﬂicﬁ? andiatallRS  of

the d utamat receptor subt ypes or H4 of 10 t he

Hi st ami ne ﬂ#@gm GPHnoggigress e@a’ﬁmeb#wqwhemfmnrf@@éﬁ wriduss bt ypes
LTB4RI, @/sghfxgm@ bﬁalnﬁbfanﬁ Ba-ldew{ﬁ%gdm@awf pie@mue GHbhiog EDGS3
of the Lysophospho |p| recept or; subtypes | and MCH2 of the MCH

recept or ; PREE§Velxmd Rk herecd gaino &@ﬁ%n%%ﬁw%fq@a‘élﬁfeéﬁonwthnd M2

of thQON‘E"n?thQéiBnrboEiﬁﬁﬁﬂﬁﬂn Asc'aﬁwa% Rt (tfv Ezhf‘emc&ﬁiﬁﬁ% I\gtdeﬁldem on
receptor; GPR38 of the Mitilin receptor subtypes M

VB 15 of tifeconibation oficach efdhsindividuplensnaporauasspriysdentiis s dolinwsn -
receptor; FM3 and FMi of the Neuronedin U receptor; subtype NPFF2s

of the NewwpepusdeN k6 +eaepmdr 20 58 FR +af) - (DheENgUn@zensi n receptor;
H107a of the Nicotinic receptor; ORLI of the Noci ceptl n recept or;

Kappa of t u OXx2 and th
Kappa of e, G Qo £SE U g DRSS Ol 02200 Bl LRl (1o
GPRL 0 of sthe, Bgmix&ptyisme zepaReJ acidRepiglutienic subtegidess, SRRyl DRnd ERZhe EP4
and FP_of t Pr. ost P2Y2 nd.P2Y1l . qf the

o i ndPgr P RREPER SR R EERhTheisn iaRda BB = tilrsa and
5HT6 of t MKosh6ddckML.Ies Ezl&‘,@@d’l@’enmﬁﬁ:k 120086:4289] wad idirodigédioaUngsdhs of

t he Somat o r.ecept or u pe TRHR. of .th RH r or.;.. GPR14
o the U SolRErRPtEf Eoth SR St B oyiee ittt o B e Afonty

t he Vasoi mt®&kn EE’Qﬁlﬂ@IB]' ise@egpiverOmihd cabradl, a CWEY' dffeleié 1@kertth: zero,
Vasopr ess Ipn dgc%sct%g protem to be insoluble. Further a probability of solubility was calculated

20 from the following equation:

P = 0.4934 + 0.276 (CV-CV") - 0.0392(CV-CV"Y* [Koschorreck M, et al., BMC
Genomics. 2005;6:49-59].

Using the percentage probabilities to classify proteins as soluble or insoluble,
discriminant analysis successfully classifies proteins as being soluble or insoluble with an
25  overall accuracy of 88% [Nature Bio/Technology 9, 443 - 448 (1991)].

For the PIEMP1 domain dataset, the CV-CV' values, probabilities for soluble expression
in percentage, relative number of turn forming residues, charge per residue and length of

protein sequence were compared. Additionally mean solubility propensities along with



I n one enbodi nent the nmethod of the invention further conprises
contacting the polynmer particle or the m xed popul ati on of pol yner
particles with at | east one target nolecule. In one enbodi nent the
target nolecule is imobilised, prefenably on a plate such as an
ELI SA plate or mcroarray, on a bead such as a polystyrene bead, in
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ity rs ppt fond b AR S ARG QB B PB4t frd

li brary i shé spbubibivedf dis indeplisfoend 2 hiip:l/ewvebiglagiidudde. di spl ayi ng a
conplenmentary library peptide to the target to bind the target. One
enbodi nent . s i i i .
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In one e i : Lyner, parti.cle onpri.sing a pol. i de bi ndi ng
a target n%ﬁ?%%ﬁés ﬁgrrl%gep's%lsg st edl%el% oé OgﬁjgéI“Ieng?ﬂlf BPEI%%?‘I)I%PU

chr onatloghasivgzoeembieids egatssehinaelhflarl ek prassi@rsysttms, oherekidatddiseing t he
met hod of Fnvention. further rises isolating at |east one

pol yner ngII&éIII & ]tnﬁé? IQQSI %eglé %4 III%(’IIICbi‘I%‘%IPSI%I’%ﬁﬁI e fromthose that do
not. The polynmer particle that binds conprises a library peptide

t hat bi nd$i heigragibodydtaguwhie (sch§ hive erdowtiodn ned s ligredniatamochberf

t he i nvent| : ' 2t ermi ni ng.the amnp .acid sequence
of a fusi ISEQIS% %ﬁ%ﬁp 29%?)5%?3 I%g[gIg(Intrgrﬁrﬂeelrisggﬁla?&&np% 1@%‘?’ g?)arti cle or
det er mi ni mepredyeiblmodured tiof sntalier smeol @ich fagnents aquenaed ensidé ng t he

fusi I i i . d b t ich th I
of par ] oPuesieh iy e RS Brafe bRMRY B ot Sl Bl ettt of
nucl ei ¢ actmraireplamecember f tﬂgﬁbwpmﬁ@pmhﬁir@&mﬁdmfhmmtdm&igzg a
lib i J i .get | I t i

tecnn quos el ubtats o Mo AR RS dofh R e e

provi des a nucleic acid sequence encoding a fusion polypeptide of
t he i nventih®iducing environment of the cytoplasm of cells impairs the formation of the

intradomain disulphide bonds essential for the correct folding and functionality of

20  single-chain antibody (ScFv) fragments and promotes the formation of inclusion bodies.
Accordingly, most ScFvs expressed in the cytoplasm (inirabodies) are mostly inactive.
Producing ScFvs as fusion polypeptides bound to polymer particle surprising allows the

production of soluble, active forms, in both reducing and oxidising cellular environments.

It is also conceivable fo engineer functional VHH intrabodies, which can be fused to the

25  particle forming protein.

Intracellular binding of intrabodies to a LacZ (beta-galactosidase) dimer mediated the
formation of the active tetrameric LacZ which activity can be easily detected. This was

used as a screening tool for functional intrabodies after random mutagenesis (Martineau



Anot her aspect of the invention provides an expression construct
conprising a nucleic 25 acid sequence of the invention. Another
aspect of the invention provides a cell transfornmed with an
expression construct of the |nvent|q_ 124 Anot her aspect of the

i nvention provides a polyner particle conpr|3|ng a polynmer core and

a fusion pol tlde associated with t r core wherein the

f usi on pol% 5% %émﬂgﬂﬁﬁ?ﬁ@%gm%gﬁgﬁfpg? Xrﬁﬁ S HPPRECIFeRAg at | east
one poly p%ﬂeg@s carbe A8YisAEH1ANAY R any ﬁﬂféﬁ&lﬁl’ 111&%2@{&5 whichlcheutiR¥@Rtdeon
provi des a ce nprising polyner particles of the 5 jnvention.

Anot her asipesdiio t%slf: pﬂlﬁéleufww& Bre mmn@b}maéﬁao&mem of meée%fﬁw ingapeylvde| | s
of the invgntd@e, Another aspect of the invention provides a kit

conprising a | east one particle of the invention and instructions
for use in a nethod of the invention. Various_ aspects, of the
i nvent i‘on Kksiop PAyAFRKAes oppEFipg ramoprd SeNeRGeRPEa Wige prYRer el miakadicsnce
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1 - Preparation of polyner particles with fusion pol ypeptid
conpri si ngPreseMiyeston. | 12 pol ypepti des. 15 Construction ofplasn3|ds.
Pl asm ds used for construction of plasm d nediating fusion

pol ypepti Q@urﬁﬁrnidd@ﬁcﬁtlorf @tﬁ@édn@sl"wlﬁbl@co‘il@ mrdtanfwmuﬁ %&cﬁex%ﬂﬁse& bigd4e57:

Anp (used cI L2 an pHAS va1|ve
(Yuan et i“ apg, dhis %? %detgg fé?ﬂ‘f Topdl ‘?ﬁtl%s )
and pB!dR6€into tﬁ&eﬂn@n&e%s@h@roﬁ‘@emp@nded wit L899 difdies: Mpadsel . 1999

Jan; 171(2): 73-80) were used to generate PHA particles aV|ng fusion
pol ypept i deagmeninereof heyetbren syRisrseq Rad the PolymMEr Pakisigsdrve fheep formpd TR

fragment s RRGHEINEIs@hdnhg o hitand &iﬁl&rehﬁﬂﬁéxhpdfﬂieiéﬁ&s kd-RulRrakedAlideand NO
acids 60- 169, accessjon no. AAN38301 e _extracel lular part. of

the MOG ergft@ﬂed;u{faqﬁ hbis Broceps enables strmohtforward and efficient mass production and
separation of functionalised polymer particies.

15  High-level expression of recombinant proteins in E. coli often results in the formation of

inclusion bodies.

The inventors have found that expression the recombinant polypeptides as a fusion
polypeptide that binds to the polymer particle it forms either directly or indirectly allow
the formation of recombinant polypeptide in soluble, active forms, which can

20  subsequently be cleaved from the polymer particle and isolated.

Expressing the recombinant polypeptides in a soluble and active form substantially
reduces the cost of recombinant protein expression, Furthermore, the methods of the
invention allow the production of many proteins which to date have not be able to be

readily expressed recombinantly, due to their tendency to form inclusion bodies.

25  In one embediment at least one nucleic acid sequence encoding a folding chaperone or
chaperonin is present in the cell and assist the folding of the recombinant polypeptides
into their native, functional state. A number of different families of folding chaperones

are known in the art, each acting to assist protein folding in a different manner. Folding



25 1-117, accession no. Q©1885) from nouse were synthesi zed by
GenScript Corp. (USA). 125 The codon usage was optim zed for
expression in E. coll. Sequence data for the I1L2 and MOG encodi ng
DNA fragnments are shown in SEQ ID No.1991 and 2 respectively. Each
DNA fragnment contained an Ndel site at the 5° end and a BanlH site

at the 3 Y sk ADHE jte
of pUCS7 dcﬁlggeé?nl%ﬁgﬁ%r ylastE hesi gkg?%nlélﬂ(ﬁ%??%% HsBS(PH(s Al)ﬁ&@b o

rp X .
resul ti ng Hsplph ZBewies thOBELNBCES copples DK 2HinCeand£dph {paily in ETeed,
coding re DNA
o Ral 5t A O B A e B S o BTTRG TS
usi ng the Wh@?%@@%ﬁéomp@ﬂﬁ@dﬂymdﬁ’f&dlw@ tleg wlg@nu@vm@m des
phaP- Xbal - Ndel and phaP-Ndel, introducing an Xbal site at the 5 end

and an sNdeh ogd &zﬁbddﬂﬁ&ﬁ'ﬂie'ﬁgd@l@ aﬁﬁ%&{u@ﬁe@lﬁﬁ@coﬁiﬁ&n@ﬁol%& & m&N@- 10 The
ol i gonucl eoti des used for CR were as g@rrrer for

the phaP b thgfuﬁ@gir@ere%mfaseﬁlt%@e@ambla|bm§in|gélom@m tbnongh wgap ldees

5' - Xbal -t

ATCCTCA Jf@%}%@ﬁ%ﬁﬁg@ﬂ h’*@*ﬁ%‘% S o e S P hiden

codi ng r egiefrrablymbentai hdOal Na@12563% 83 48i 45 59.95, @, 6hiTRY7S, %rgéo%)e% t he
codi ng regqf, dft?gogirﬁﬁo%@srlﬁ?é{ of a 6xHi s-Tag, for purification

pur poses, e enterotina recogni tion sequence DDDDK for

separation of t he MOG and ghap chimeric protein
(3' - phi&P- (B eBpyrdome 8% Fpkynngledtiyle seqnguspenpdes aOTiErST AATBIOPEIENHETAG

CCCECGTTTALeqeled spddeh bvEln m&@&%&@g&l@e %ﬂ‘)g rot&i8 aRd a§|

PCR product containing the 5 Xbal and the 3'"enterolti nase and

sites is thanyekiq m@eqmmwwmwmmmmTMMWCA
AGTTCCAGCAL LR ARG AN A CGAAAW%TM%& bg %olatmg and purifying

CCACCAAGGCGT T TGAAGGOGT CGAGCTGRACCTGC
AGGT CGT CAAm s priices deacoaentingAemanis mibmamptease to cleave the
GCCCT %%%%@&%%ﬁ%%@ﬁ%%e cleavage recognition

sequences comprise an enterokinase recognition sequence (DDDDX), a thrombin

recognition sequence (F/GPR) and a Factor Xa recognition sequence (IE/DGR).

In one embodiment the polynucleotide encodes a self-splicing element such as an intein.

Inteins are self-splicing host proteins adapted for use in recombinant protein expression
20 and purification schemes. Intein cleavage can be mediated by pH changes or the addition

of thiols, A comprehensive list of inteins can be found on the InBase intein database and

regisiry at htfp://tools.neb.com/inbase/index.php [Perler, F. B. (2002). Nucleic Acids Res.
30, 383-384].

Once formed, the polymer particles can be separated from the host cell by disrupting the
25 cell and recovering the particles, preferably by physical disruption of the cell followed by
separation using a cell sorter, centrifiigation, filiration or affinity chromatography. Such
separation protocols have the advantage of quickly and easily separating the polymer
particles, and thus the recombinant polypeptides, from the protein content of the

cytoplasm.



126 AGCCGT GCAGCCGGT TGCCGAAAAGACCCT GGCCTACACCCGCCACCT
GTATGAAAT CGCTTCGCGAAACCCAGAGCGAGT TCACCAAGGTAGCCG

AGGCT CAACT GGCCGAAGGCT CGAAGAACGT GCAAGCGCTGGT CGAG

AACCT CGCCAAGAA TCGGAATCGAOCGTGECCATC 5
GTI'GAAGT CGGCGAT CTCCGCT GCCAACAACGCCTACGAGT CGGTGCAG

QQM@-T y or by fusion technology)

BCCABDHETR ‘ywyu oATarnead/or adsorption to surfaces
AAACGCGGCEC(?AT T CCATATGT TTTT( SEQ ID NGO 5). 10 The PCR
pr oduct was St Crefeg%g gﬁ" 5 TA cl oni ng plasmd pCRI I The phaP codi ng

regi on was again anpli f| ed fromplasmd pCR-p
ol i gonucl @ut thd pslyplenpariigiahave bp@p%’c%tk@ge@mb@@pﬁpo ﬁpﬁﬂﬁj&ﬁ‘éﬁﬁ %i ndi ng

site apnd ! G &@Q@lh@l@@ﬂd hoay® t he
Soar g Rk M. %@%@H CEEMIE&%@‘P%]%M%T P S 7o MG
or pUCS7- foluB. Resh pryetssss phdate i mhfom@ angiefolingisieralrguirgsido 1glate

correspongi ed into pHAS-phaP resulting
in plasm %lﬂﬂe %&%;&%ﬁdﬁﬁ%@%ﬁgg_l L2, respectively. The

respective fusion protein encoding region was then subcloned into
pBHR68 usBngXbaferemmingBantHl sites downstream of the |ac pronoter and
upstream of the PHB bi osynthesis operon, to yield pBHR68-phaP-1L2

(Figure 3pnangRBIFRESnRRaE: Males orligiyingdhnd shedtlpartpides and uptidd 20 t he

pl asm ds constructs nedi ating pr OdLiCtI on of antigen displaying PHA
granull@s ilPFaEeSODGBW“Ifaﬁe%ﬁWWGFPF H¢l8ire 5. C ones containing the

phaP-1L2 or phaP-MOG inserts were sequenced and one clone containing
the correghe & SELAHEESIONASE cﬁ@la@@{nelda brphbﬁ&ao@p[ﬁ{e fhidz) gengrBildRBEoréasd pUCS7

| d d_Amp t duct i
Pl ool on pAoEesRgs oa%hetnﬁ@ TP e et P R Gy
Bl ue wereg Pﬁ@f&ﬁi‘f@a{gﬁﬁdtsy\m aatmb@smgd&naw&ﬁmﬁdpﬂdand

pBHR68- PhaP- respectively. Transformants were grown at 37C in LB
medi um 12z)isp1ay of proteins or protein fragments can be used to identify catalytic and non-

15  catalytic proteins or fragments thereof that bind other proteins, nucleic acids {DNA and
RNA), carbohydrates, lipids or small chemical compounds (organic or inorganic)
including compounds that are agonists, antagonists or substrates of the protein of interest.
This type of display has been used to identify enzymes that catalyze particular reactions,
to study the interaction between protein domains and DNA and to explore protein-profein

20  interactions, especially interactions with multifunctional proteins, antibodies, receptors
and proteins in signalling cascades. Display of random peptides can be used in similar

ways, particularly to identify novel peptides that bind to target molecules of interest.

Display of antibody or antibody fragments (particularly variable region fragments such as
Fab and scFv) can be used to identify antibodies that bind to an epitope of interest.

95  Processes of screening target molecules against polypeptides are well known in the art
(Campbell and Choy 2002; Golebiowski A et al., 2003; Jager ct al., 2003; Pini A etal.,
2002).



and i nduced by addi ng i sopropyl -S-b-thiogel act opyranoside (IPTG to a
final concentration of 1 nM After growh for 48 h, cells were

harvested by centrifugation and subl ected to P1-1A granule
isolation. Isolation of PH i granul est?!5 Cell's were harvested by
centrifugation for 15 mn at 5,000 x g and 4C. The sedi nent was
washed anbh suspbodiment the Bethod ofitesinedntisn comirisersplasting thepdriédes(vith 7. 5) .

Cells were assed..r hrough Frenc ropi et ThE
col | 1 ysar SRS ET pah A e hRRE el TP e b oty B i, T
alnd 44 % @piem)legi_oynpei?eula ciazambimﬁtos'ﬁﬁg)ge% bﬁfl‘ﬁf@in)domﬁifns grfragments, antibodies »
ultracentri ation for 2.5 hat 1 .g,an

be. | 2ol at B P EREmE e PR AL Rade e B e LEb AU ETRER L
PHA gr anuthe someingtose dibedy isidisplad invalicoasayphosphat € buffer (50 MM pH
7.5) and centrifuged at 100,000 x g for 30 min at 4C. The sedi nent

cont ai ni ng t P r.anul es . d
stored at %ﬁe%ﬁid;?ﬁﬁﬁt%g%mfsﬁog}p%? E%ﬁglgse&(} %(1)4% n%%%%g?@&g?pggé Q%Aﬁ‘%%g? usi on
pol ypept i thesptagmpeinsi sujunil & atrheplantanydekyorki fragineg tEEZedbemiba uged t9°r ot ei n
A. Construction of pl asm,ds. Antipody bi ndi i 2 as Rrotein
A from St ety eomBeRe e T es R e o b TR RS BBt b
sur f ace ofdetilfe bpdingrimerapiiont witheamdidatedBbndsghdt arcpomsiglan@gehigkaott i cl es

t hat ggn b‘% tllgsted fi n a v?ri 'tf/ o%" i mmosepar ation and i munodet ecti on
appl i ¢4t | SREFSPIrge -OBSﬁﬁeﬁesof protein A was chosen as an exanpl e

of a binding domain to be covalently attached to the particle
surface. Pitigns dsplasumh hixed popvdtion of loay ptpidasrandismbd cerntactag Withsd on

Dl s ds- RSB E MR 0Bl a0 WhichibaTd SHSED oAl ekt it
Lett. 248thet@gethi03cpleaPpBtablysthe intapicSin isdefiiedyithediteon pajtide hipdingdo PHA

synt hase e f.ro necalor (Fig. 6), pBHRSO (Q Q, SteinbCchel
A., Rehm %‘%Qﬁrﬁétn?g%gte Appl. Mcrobiol. Biotechnol. 54: 37-43),

medi ating the formation of a pol yhydroxyal kanoate core 5 (conpri sing
medi ufd chki oneleavbgdimest thy araskgpoleertle if aaedenioy ligapil.q pratpingps grofyizpgnent,
sour ced antibody or antibody fragment, carbohydrate, lipid, nucleic acid (DNA or RNA) or an

organic or inorganic chemical compound.

In one embodiment the recepior polypeptide is selected from G-protein-coupled
receptors, acetylcholine receptors, thrombopoietin receptors, nuclear receptors,

20  chemokine receptors, steroid hormone receptors, epidermal growth factor receptors, toll
receptors, toll-like receptors, mannose receptors, 7TM receptors, neuropeptide receptors,
NMDA receptors, T cell receptors, hormone receptors, IgG Fc receptors and cytokinine

receptors.

In one embodiment the receptor polypeptide may be a subtype of a receptor, comprising
25  subtypes Al, A2a, A2b or A3 of the Adenosine receptor; subtypes alpha2A, alpha2B,
alpha2C, betal, beta2 or beta3 of the adrenergic receptor; subtype CRLR/RAMP3 of the
Adrenomedullin receptor; subtypes AT1 or AT2 of the Angiotensin receptor; subtype
APJ of the Apelin receptor; subtypes BRS-3, BB1 or BB2 of the Bombesin receptor; Bl



from GE Heal t hcare roviding the ZZ donmain and | eader peptide

encodi ng sequences,(pmdth Genbank Accession No. M/4186 (Loewenadl er

et a] (1987)), were used to generate Za. reconbi nant pol ymer synthase
di spl ayi ng the i nmmunogl obul i n bi ndi nd dite of Protein A on the
surface of polyner core. 10 The thernostabl e PCR enzyne Pfx

pol yner as é’“%&ﬁﬂ@@iad}’éﬂmmm;u €hoAZBdithé armalinoill emeger; pepigede from

icon. The
Eﬁéénﬁefﬁﬁﬁfﬁ%@gﬁgﬁgfﬁﬁ‘%E‘ﬁi@bﬁée ERRRE, c{zﬁﬁgﬁ’%@ﬂ% for
ZZ domai n &GHi e RSBAL ANEBXTACRGACKT RGAATHEOE LT
lG?:CI:N?I:izI'ATG%%F%%Aﬁ&%Q%%\MR%‘%ﬁ@m?@E@WXIl@@’tﬂe reqepion 5!
e 5pe&3ﬁ@eC§acl)ftheGT TP\ices of thgeg-(.[:R%r oduct | acki nsuﬁ%ﬁlgSEQ
| Sader - Horscesol B Bk B8 o B R e R R A S SAORE

GATGAA&C@C?MWAEMHSM%&e el @XBAE%%TCTCA
CATI TACCT AAACGA 25 WTCA T GTTT AAAAGATGAC
CCAAGCCAA?%? niAgePEOA FEpTRCAEBBaCG 129

AAAGTAGACAhWAA&TMEﬁkrGﬁGR@%AC@&&ﬁ& i Vo, §1B T, %Aﬁ dTA

NI A v S T

GACGCGAATEyﬂmas’E@&rm oﬁhé\mxﬁTz&eﬁ%T%bth@Eﬁ@gopﬁﬁ@x%&%i ' QQA
t he | eader mai
CAAATACAT K¢ &%@i&%@‘?ﬂ E/%%ﬁ?&pﬁ@&%@ of the MCH receptor; MC3, MC4 and MC5 of the
Melanocortin receptor; MT1 and MT2 of the Melatonin receptor; subtype GPR54 of the
Metastatine receptor; GPR38 of the Motilin receptor; subtypes M1, M2, M3, M4 and M5
15 of the Muscarinic receptor; NK and NK3 of the Neurokinin receptor; FM3 and FM4 of
the Neuromedin U receptor; subtype NPFF2s of the Neuropeptide FF receptor; NTS1 of
the Neurotensin receptor; HM7a of the Nicotinic receptor; ORL1 of the Nociceptin
receptor; Kappa of the Opjoid receptor; subtypes OX1, OX2 and OX?2 like of the Orexin
receptor; PKR1 and PKR2 of the Prokineticin receptor; subtype GPR10 of the Prolactin
20 Rel. Peptide; subtypes CRTH2, DP, EP2, EP4 and FP of the Prostanoid receptor; P2Y?2,
P2Y6 and P2Y11 of the Purinergic receptor; SHT1A, SHTZA, SHT2B, SHT2Ce,
SHT2Cne, SHTSA and 5HT6 of the Serotonin receptor; sstl, ssi2a, sst3, ssid and sst5 of
the Somatostatin receptor; subtype TRHR1! of the TRH receptor; GPR14 of the Urotensin
II receptor; subtypes VPAC1, VPAC2 and PAC1 of the Vasointest Peptide receptor and
25 Vla, V1b and V2 of the Vasopressin receptor.

In one embodiment the method of the invention further comprises confacting the polymer

particle or the mixed population of polymer particles with at least one target molecule,

In one embodiment the target molecule is immobilised, preferably on a plate such as an
ELISA plate or microarray, on a bead such as a polystyrene bead, in immunotubes or in a

30  suitable chromatography matrix such as an affinity matrix, for example.



AAGAAAAACA TTTATTCAAT TCGTAAACTA GGTGTAGGTA TTGCATCTGT  AACTTTAGGT
ACATTACTTA TATCTGGTGG CGTAACACCT GCTGCAAATG 10 CTGCGCAACA CGATGAAGCC
GTAGACAACA AATTCAACAA AGAACAACAA AACGCGTTCT ATGAGATCTT ACATTTACCT
AACTTAAACG AAGAACAACG AAACGCCTTC ATGEAAAGTT TAAAAGATGA CCCAAGCCAA
AGCGCTAACC TTTTAGCAGA AGCTAAAAAG CTAAATGATG CTCAGGOGCC GAAAGTAGAC
AACAAAT T CAnAGASARANGA! ACAAMNEEBE T EGIATEA R AHE ACATWR ﬁa&xo?eCCTAACTTA

AACCTTT T A CROTRASF AR KA IRt P oAt K A BRRIRRER AGACCOCAAT

TCGAGCTCGG TACCCCATAT GATTAC PCR products were then inserted into
t he Ndel sPeegnboflineatdf tof mt/dswoppmsrdsmprpﬁd\ffoasrdeenﬂ@ agﬂhﬂﬁsapf different
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277: 42926- 4293 ri.vative nta ni n nes phaA and phaB
from C. necat o{r%)2 dl%i%feﬁ@é}:ge 3° e&%espw}h@o%ﬁe é{lanﬂﬁgf fgoﬁ‘éger PBYSF si on of
the acti vatre;ﬂrqﬂraemﬁmg)ma méthqid fyle/idvenryl lpfe’fdl il @ wheveln. the@rticula? &%%ﬁ

hybri d gene Iasmd - +) phaC Y4 aC was

Subel oned THES s AT P EE e R SRS L M Ao e
genes phbAasivdlar aieBnolthils witk s pblypsptidd) pl asm ds pBHR69- ZZ( +) phaC and
pBHR69- ZZ(-) phaC. 130 To achi eve overproducti on of the respective
fusio ol 1.0 anul e. sur ace spective
nybr i enoit ebaiy Bl o ettt A et B B e e eplen
downst I earroisolathdusng oced) sﬁferpatfﬁnm ghromafbaphg seehtrifagtiph asilirationpET14b-
ZZ(+) phaC and pETI 4b- ZZ(-) phaC encodi ng eit her ZZ PhaC plus or m nus

t he signaly HQ 2 LysS
har bor ?ng pﬁ/%s%géolg ﬂzﬁ%‘(‘ﬁé%eﬁ[}g@{h% angtfdélr man EFGOIS nses E%l wr?‘( a%%%[ Fedi um
at 30Cto mﬁﬂmﬂcbfhaﬂblﬁds ‘Ehﬂt&rgehenlewi@jﬁmle(ﬂhosb;haaaﬂﬁmhg'l"he polymer

| sopr oy ki ks 8RS AGLRRY ARRRY Fpidde BERink OB b RlrcRRCENt At on

15 In one embodiment the method of the invention finther comprises determining the amino
acid sequence of a fusion polypeptide of at least one isolated polymer particle or
determining the sequence of the nucleic acid sequence encoding the fusion polypeptide.
Successive rounds may be used to enrich the pool of particles that specifically bind the
target. The amino acid or nucleic acid sequence of a fusion polypeptide which comprises

20  alibrary peptide that binds a target molecule may be determined by techniques known in
the art.

Another aspect of the invention provides a nucleic acid sequence encoding a fusion

polypeptide of the invention.

Another aspect of the invention provides an expression construct comprising a nucleic

25 acid sequence of the invention.

Another aspect of the invention provides a cell transformed with an expression construct

of the invention.



mM After growmh for additional 5 h, cells were harvested by
centrifugation and stored at 10 - 80C. Wen required, antibiotics
were used at the follow ng concentrations: anmpicillin, 75 gg/m and
chl or anpheni col, 50 gg/m . Al cheni da#s were purchased from Si gma-
Aldrich (St. Louis, Md., USA). The functionality of the PHA synthase
was i nvestAuplieedspbyt odithaliwentig friveddSHAoBeRE siticlOfomiilifig-SRRARE LE
bacterial gcells. The amunt of gccﬁgul ated PHA corresponds to the 15
functionality of PERHASE AEFQEatleq i BlamoaEiet esie ehgigindheyivaion pelypaptids

and quant idoaiptissaypartidetiefindgeteangd aﬂe&hémtﬁ%ﬁtﬁﬁz@é/ deBe above.
spectrometry (GC-Ms) after conversion of the "PHA into

3- hydr oxyi er.by acid-catalyz met hanol ysi s as perviously
descri bed z Be% éssg%t Off.h,eyné’ﬁl(lltlﬁplﬂ’&ﬁ% Cag?‘ﬂ?i‘p“ﬂ?@@l\{’mlﬁﬁﬁwol .
Lett. 248:188al@0). No mpjor differences in P1l-1A accunul ation could
be detected when conpared to cells harboring 20 pCWE or pHAS and

pMCS69 as . . shown) . These data suggested that the
7Z- PHA syrﬁ%@%ﬁégﬁﬁﬁgb“gg tle"ﬁr%’r??‘é%efﬁf’@ ‘W%‘FHW%%P%&%%&H%HA

granule formation. The presence and absence of the signal peptide
di d not i Apwther sheqpithe jnventnerdvides & kit RomprBig as leagtoae pativlesfad by

centri fUQ?ﬁ\}eﬁﬁ'oJéﬁgeixﬁﬁyér?ogs @’%Pé’igg%e@(’g(ﬁ d.4C . The sedi nent was

washed and suspen unes o nﬁ’ﬁrg'éoblhate buffer (pH 7.5).
Cells were 25 passed through French Press four tines at 8000 psi.
0.75 m ofVaFAEs aspacks of {hedmentigswill e illestraied i nghylinetiog weysddirefatende88 %

and 440% &d/mg}“olg,wtfge&%plgg] phosphate buffer). After
ultracentrifugation for 2.5 hat 100,000 x g and 10C, granul es could

be isol at ﬁg{s&\%@%g white | ayer above the 88 % gl ycerol |ayer. The
PHA granu washed with 10 vol unes phosphate buffer (50 mM pH

7.5) and centrifuged at 100,000 x g for 30 mn at 131 4C The
sedi nent font aPARTECLE®REOPUQTEON| es was suspended i n phosphate
buffer and stored at 4C. 1l DI AGNOSTICS Particles displaying a

specific N f 1.on . Q. anti ble antigen or antjbody

5 capt ur eﬁggﬁaﬁ %?sri i sﬂggilﬁgo%éﬁ@ﬁ%’f’%’dpﬁ‘rg’?lg%wﬁgﬂ‘&?“cﬂ& eRY s comprising -

appl i cat | ¥HIG oExHpiedyp8ptiddsr epar ati on of pol ymer particles displaying
antigens Investigations carried out for the purposes of the invention

have feveahed- Lhal RS R ymer |

Plasmids used for construction of plasmid mediating fusion polypeptide particle

formation are shown in Figures 3 and 4.

pUCS7: Amp (used to clone IL2 and MOG); pHAS (T7): Amp (pET-14b derivative
(Yuan et al., 2001, Arch Biochem Biophys. 2001 Oct 1;394(1):87-98.) and pBHR68:
20 Amp (Spiekermann et al. 1999, Arch Microbiol. 1999 Jan;171(2):73-80) were used to

generate PHA particles having fusion polypeptides comprising the phaP phasin, and
MOG or IL-2.

The DNA fragments encoding either the full length mature IL2 protein (amino acids 60-
169, accession no. AAN38301) or the extracellular part of the MOG protein (amino acids
25 1-117, accession no. Q61885) from mouse were synthesized by GenSecript Corp. (USA).



particles expressing a specific protein antigen can be used to detect
antigen-specific and quantitative |evels of antibodies from

i muni sed m ce using FACS. 10 For this exanple polyner particles

di spl ayi ng fusi on pol ypeptides conprild8fng a phaP phasin, and Muse
A i godendrocyte dycoprotein (MOG antigen prepared according to
Exanpl e 1 Wercedussabe s batimkekfoCbxbidskitd il k. G0/ WedRen BANA Rk 1.2 and

subcut ane t and ri ht flanks wth indicated 50g of
r econbi naﬁ@a%%‘fﬁ%ﬂ% %ﬁWF’gf' "I“FéléP B SERpPANRs Fruthigseeciwladiaghant
(CFA) (Di fmmfﬂﬂ.lzrmnt@mmmcmnrmepﬁ@ agthe’’ QM%B@%%HI S att'tlp-:%r’ %H& qRbsR-
Contr ol wer e i mmuni zed .as above, but wth q§lg B oval bum u

¥t

(OVA) i s (05 SEET R mseed B e el gite of LS 7 Wize sybthesds bihd
whet hers MUBnSpgs Coirt (W96 retinaahigamaopthes ReIodSt ARt Ly N%gqsop‘a&wgy fied

were then investigated. The antisera from4 different

i mmuni zed ce.were. po and dil ut ih FACS buffer (PBS, 1% FCS,
5mM 20 ED “Bd“i%}eé’c?g gf?r’ie gjiiga‘é@)‘”asfglpgg%‘d’%E#ﬁfﬁ@rchﬁwﬁ%@lwﬂx of

expr essi nQalsrmidBophadeckrtsi I@Iﬁhn&@'td’ o8 dv@ﬂs n&%o;ﬂjslrfghﬁ'e thetnlosa S8
anti sera added | at'e, and 1 ncubated for

15 minute enz%% t%ﬁ&éﬁ”&l‘ﬂ?%‘gew %cbﬁ}ewéeltaﬁéﬂh%#‘édnﬁﬂﬁu@ég £ mes
Wi t h FACS:puf diterat tha BlerdQhd & Nael saOROuthk B brﬁé}oﬁflasg'sﬁet £ e ?5{5&1 goat

anti-nmouse 1gG (Southern Bi otechnol ogy, "Ltd) was en added and

i ncubat,ed te not her mashes mells wer e

i ncubgped ﬂ1\%vl {1%0113{]1&0@1@? "é?e‘lfoﬁgﬁ(?  YVErE ARl e apt avi di n- PE

(Phar M ngen) in FACS-buffer for 15 mnutes, then washed 3 tines and
t ransferr €0 t o5 200er §fr theADSP badidgregibn ccimﬁimsg a K&l 513 Zor clomffiglpaspo&r e

then run /i@lsﬁ?q] r and results anal ysed using Cell Quest

sof tware EFI gur ea%k)/l‘ ai)fesul ts show that, whereas antigen-specific
| gG anti bodies from MOG i mmuni sed mice bound to the particles

expr essi ng thW@MW@MT@@GTAE@%TWWCS or very

little bindi ngcgfj 4%@ A i mmuni sed mce. The results also
i ndi cate that the E@ﬁ/@% cific 1gG antibodi es can be

det ect d gyer broad ra%e of d| | utions (>3 orders of magnitude) as
shown ¥ n ) gur% pgigger foy therpdaP %@@W@glmc@mmwﬁiﬁdﬂ@ﬁa@ﬂéfm'lctoylnare shown

in Ex arrpl Burfloses, the coding region for the expression ofa 6xHis-Tag, for purification purposes,
and the enterokinase recognition sequence DDDDK for separation of the MOG and phap
chimeric protein (3'-phaP-(stop)-DDDDK-6xHis-Ndel):

AAAAACATAT GGTGGTGATG GTGATGCGAG CCGCGTTTAT
20 CATCATCATC GGCAGCCGTC GTCTTC (SEQ ID NO:4).

The phaP PCR product containing the 5* Xbal and the 3° enterokinase and Nde] sites is
as follows:

AAAAATCTAGAAAAAGGAGATATACGTATGATCCTCACCCCGGAACA
AGTTGCAGCAGCGCAAAAGGCCAACCTCGAAACGCTGTTCGGCCTGA
25 CCACCAAGGCGTTTGAAGGCGTCGAAAAGCTCGTCGAGCTGAACCTGC
AGGTC GTCAAGACTTCGTTCGCAGAAGGC GTTGACAACGCCAAGAAG
GCGCTGTCGGCCAAGGACGCACAGGAACTGCTGGCCATCCAGGLCGC



These results show that the polyner particles and FACS technology is
a fast, accurate and, 10 quantitative nethod for detecting
antigen-specific antibodies.. Conventional ELISA technologies are
often used for this application; but 18uch nethods are nore tine
consum ng, are |esssensitive and does not have the sane dynam c range

?f det ection dmm@AecwmawmtgA@m%gtc@mdﬁer a
rom | mmuni se nz | munosor bent says
(ELSh 15 xR A S P A R S SCTT
not OVA-i mmuni A@@CM&&CTGGGQGMG@@T@@AAM@@R%AAGCG@@G@WC@&@' es
that recogni zed 't he PhaP- MOG f usj on rote in. The sE)emfl city of the

antisera was aPdCYREGEANSAAGHEGCSLCRURATS BAGRFTCECaAdS

(Bectors, Dicki mmpb@@m@mrcmmﬁt%mw@bm@ammé@ré 9@
Urelt) with 3g/m -of reconbi nant nouse MOGL. A proteln (SIgnma-

20 Al drich) inAPSSIC %SGMG%GT%MMWCMW%
addi ng 1% BSA 'I‘GCE%%’J@(Q@G@JTG@'@JA& Qfeét‘d?c@& @%%C‘éﬁg@?bﬁg@(ﬁw

Pl ates were then wash ti nmes W|t mM Tri's

Pt 207 EL| B ALGOCBALHORA AN A BB GAUGRITOCER A AT R
from MO -t t 7OA%Gé@@@Té@@A%%%@gcgﬁ@ég@gﬁ}rgTé‘%‘tggf‘?éh%ﬁ’Hﬁ‘%.éﬁf ter

2 h, plates'were washed 3 tinmes wt
Bi oti n- co ugated anti-nouse |gG anti bodi es (Southern Biotechnol ogy,

Ltd) di¥ utl@aFCRprodyeigvassubrlonednisih plningeplasmattif eyl {The phalhcodingd wel | s

t hen wash ,_%ng
(Amers hamr%?sﬁ%znﬁg&p%dﬁﬁgjﬂgﬁﬁgcR ésnl% Blg%g%}{égg%& 'a]} wel |)

was added Meddingen fueplf ribgsempl bngding site am@ha@@\ldﬁ The eesultipg BE garqdwte 133
then washyds tabet%ﬁe@aﬁt tﬁeﬁbaxén@va&%&és%tfgﬁtm'@gﬂ?n@t& é&l\ﬁ added f or
S using . Fh

5-30 m nutes. Col our devel opnent was Stoppe SO and
at. 450 not _on_a Benchmark m cropl ate

the SL1 AL RSB USNALoR, B0, 420 nolin g Senchmck,

MOG- i rlﬁunb&%i ortantg IMOA, fMAS AR s bned@Hid pIERS-PhAORMiNRSH plasmid
anti gen- s }[\%G antll_lg d| es that I’ECO%I’]I sgd t he rﬂggoﬁglsrﬁ%?tt

MOO- coat e QRE 2L PIHaS-PesPAL2; tearpsiivedd The rapsstiviiueiar protein

OVA- speci tn@dhg&dgl@ﬁwmtﬁémbads&dmé PBHRESLE Wl Bnd WAnigites NOt Wi th

MOG, showed boun was easi |y detectable using ELI SA (Figure
W?lcw\fnstrean:t of %e lac promoter and upstrearg of the PHB biosynthesis c?peron to yield J

pPBHR68-phaP-IL2 (Figure 3) and pBHR68-phaP-MOG (Figure 4). A schematic view of
20 the plasmids constructs mediating production of antigen displaying PHA granules in E.

coli in shown in Figure 3.

Clones containing the phaP-IL2 or phaP-MOG inserts were sequenced and one clone

containing the correct sequences was selected.
pHAS (pET-14b), pBHR68 and pUC57 plasmids used Amp (75 ug/ml) selection.
25 Production of phasin fusion proteins at the PHA granule surface.

Cells of E. coli XL1 Blue were transformed with plasmids pBHR68-PhaP-IL2 and

pBHR68-PhaP-MOG, respectively. Transformants were grown at 37°C in LB medium



8C). 10 Exanple 5 - Use of polymer particles to detect
antigen-specific antibodies. Investigations carried out for the

pur poses of the invention have reveal ed that expressing specific
protein antigens as fusion pol ypeptides on the surface of the pol yner
particles can be used to detect nonocl onal antibodies specific for
conformati onal epitopes. Polyner particles (5x10) expressing the
MOO- phaP or | L-2-phaP fusion pol ypeptides 15 produced according to
Exanple | were incubated with anti-MOG (cl one 8-18C5) _unl abel ed or
-1L2 PE | abel ed mAbs (cl one | ES6-5H4j7f or 15 m nutes at anbi ent
tenperature. Particles were then washed 3 tines. Particles incubated

with anti- %indﬁ&ﬁ-@?ﬁidﬁrgls%ﬁ@yl%—&io@il&&lpﬁkﬁoﬁiﬂé (pToMbaLRd W th APC

| abel ed anti-nouse 1gG or with biotinylated anti-nouse IgG for 15 .
m nutes, anghndeb@diodaSa, Afidrigfith forld2%, RS Wi hvesiédby RatiBBLRHaN th the
bi oti nyl ated anti-nouse 1 go were further incubated with streptavidin-
PE for |S mubjedteito aHA stasaiswasdned 3 times. Al polymer particles were
- anal ysed on a FACSorter(Figure 9). Figure 9 shows the fluorescence
of MOG (col - A) -2 .(colum B) fusion pol ypeptides on the
surface ofgggréﬁégﬁﬁé%?%?les i ncubated with (i) particles incubated
wth directl%llabeled ariti-1L2 25 phygoergéhrin, Li%% particles

i ncubat edl L was harvagisd by coprisiegin fort 1é anin 6000 p e d 4 (Eha sediment
streptavi di n- phycoerythrin, (iij rticles incubat W th anti-MOG +
ditectly | aff¥l o0 B M"@@“&? qa}éé) esPAHE 'Pi%ﬂb&(;% TS MPed
hi st.ograns show.,the fl uorescence of; e A{E} | L- I r
particles e g'ﬁ“%‘bﬁ\?\?c ﬁ‘?ﬁm‘gWM‘f iEtlgéciai’mor eﬁﬂf é’gaﬁ&%ﬂﬁgé‘?@ﬁ’w&d :
respectivel | %8 o ih O conl i show t he
fluor escenc%mtc'ozﬁ‘agEfcﬁré)piﬁ@"Il §]§ ){,:%g %5 go(ryrge%erﬁgr |%? kg%%?%%u ated with
anti - MOG mARSac@MirifEHibn fok2.8 b of REBEEE  18h0°C, Sanlie® cdufBislidoired AN of hat
wher eas antigen-specific antibodi es each.bound to their respective -
fusi on pol ypaptdyeeSoveliitdBes pocrdd Ry The BHX ghaniiléd veeravoahaipatithi c .
anti body bi nding. Exanple 6 - Production of ZZ-donmai n-PhaC fusion

pol ypept i deelumés piicmhey bisffan ¢i0ngModiai)ast eotdfugaist FRIOEOR K g fok 36 minat '

St aphyl ococcus aureus can be used to bind antibodies to the surface
of the pol y4f6r Theaediment enntaininedhe RHfggrinyise vasonmbndsdid phesphatediuger and

stored at 4°C.

Example 2 — Preparation of polymer particles with fusion polypeptides comprising
I5  the antibody binding ZZ domain of Protein A,

Construction of plasmids.

Antibody binding domains such as Protein A from Staphylacoceus aureus can be used o
‘bind antibodies to the surface of the polymer particles, creating functionalised particles
that can be used in a variety of immnoseparation and immunodetection applications.

20  The ZZ-domain of protein A was chosen as an example of 2 binding domain to be
covalently attached ic the particle surface.

Plasmids used for construction of plasmid mediating fusion protein particle formation dre
shown in Figures 6 and 7. .



10 that can be used in a variety of immoseparation and

i mmunodet ection applications. In this exanple, particles having
fusion pol ypeptides conprising the ZZ-domain of protein A produced
according to Exanple 2 were used. The particles were subjected to
SDS- PACGE anal ysis as previously described (Peters, V., and B. H A
Rehm 2006. Appl. Environ. Mcrobiol. 72:1777-83.). 15 ZZ-PhaC pl us
the N term nal signal peptide has a theoretical nolecular weight of
83,981 and a protein with an apparent nol ecul ar wei ght of 841cDa
coul d be detected as predom nant prpgein. Wthout the signal peptide
the fusion protein has a theoretical nmol ecul ar wei ght of 79, 338 and

a protein a ed as
predonlnanr%%ro @ﬁﬁ&fggﬁ#% %E%@%EM$ ggﬁjse B&%?§$%§1§§§E@%nflrned

?y pept i deI 93-1;&3&3rapBiumqnpﬁKuéunmgwm@tmngmmynﬂimsedg@tom Ctépemwlr Ieadl_l_ Rg
rames cou co e
pl asmi ds pE&i"ﬂg) %g HE %%WA %g%{ gﬁ@o |°rr?tcj|éa}e| t her Zz-
PhaC pl us oBio#pigs aerma)@pfﬂiwomfmab@air@v@ faspakges i on of

ZZ- PhaC at tcbﬁgf’lﬂémc&ﬁ:ﬁ@wuﬂewé ﬁﬁlﬁ)xy A2y Eéftﬁmge’?ﬂandr@ﬁmsaﬁv&f the

ZZ-domain a % F particle surface. | oca |se the ZZ domain

at the part ‘%W%ﬁ‘?"tgl ‘?PI%“B’P‘“E”MWP"P@FS‘H’P IRESMCAER ds _
prN\E-Efz( +|) phamemamwwrmmmwd et JANGED), vekehibddro geterale phaC
0 anpl e cles produce

synt hase (ptiH¥ é%mgﬁﬁégmrs ‘?@?ﬁ? gwawgggﬁmﬁ%pmgﬁﬁgﬁngﬁk%r

ELI SA, wel Isnfbéswﬁ@roﬁmcﬂmrcqm ates were coated with 100 | of a PHA
granul es suspensi on and |ncubat ed overnight at 4C .After bl ocking

Wi th 3 %p( Wike)thdgddtzbRPCR eflsym yieiade Wi Bscll a@mmdoaamaﬁd ed

ot body Colfdst re%d&%rv‘é%??eang&)dm%%ﬁ&#ﬁg tdhon Bt S The. ' O

USA) . Aft er oliganiclcatideqysedifot hesPOiowere nafstived: several tinmes with. phosphate
buffered 10 saline. As substrate, 100 | of an o-phenyl enedi am ne :
sol ution (CRHB, ;N¥ﬂﬁﬁﬂx£zgﬁﬂﬁﬁkhﬁ§n%hk) was added to each well and

after 15 mn, the reaction was stopped by adding 0.5 volunes of 3N

H2SO4. The amoupdAQicRYREGEAEPAECBKEETEORA MRS IBRSHERER D RO,

15 (2) 5 leader peptide (+):

GCGCGCATATGACTTTACAAATACATACAGGGGGTATTAATTTG
{SEQ IDNC:T).

(3) 5" leader peptide {-):

GTACACATATGGCGCAACACGATGAAGCCGTAGACAAC
20 (SEQ ID NO:8).

The nucleotide sequences of the PCR product lacking the leader domain is shown in
SEQ ID NO:9.

GTACACATAT GGCGCAACAC GATGAAGCCG TAGACAACAA ATTCAACAAA

GAACAACAAA ACGCGTTCTA TGAGATCTTA CATTTACCTA ACTTAAACGA
25 AGAACAACGA AACGCCTTCA TCCAAAGTTT AAAAGATGAC CCAAGCCAAA

GCGCTAACCT TITAGCAGAA GCTAAAAAGC TAAATGATGC TCAGGCGCCG



wavel ength of 490 nmusing a mcrotiter plate reader. A specific
binding of 1gGto PHA granules isolated fromE. cols harboring any
plasmd 15 encoding a ZZ-Pl-1A synthase fusion protein was suggested
by at |east 2-fold increase in absonption at a wavel ength of 490 urn
when conpared to the wild type PHA granules (Figure 10). The

presence aih @PREAEY ﬂé@ﬂ%@%&n@m‘@m@&@%@gﬁe at t]ﬁef%gﬁr

over product i1 on of

bi ndi ng ¢ clt wever
granule s Lf-jrO @TH@SCFWM AREAEERIC A HE N MICHE CCRISEETCYALAI gur e
10). 20 A RAG ﬁ%m@éema GE%T% A&t@ﬁ»m&t%&ﬂgﬁ%a' Ly

avai l abl e Protein artircles articles displaying t

bi ndi ng d@’nﬁﬁ@TzXZAﬂ"ﬁohT@@’HE@GﬁCAi@@GAMTf& GACGOEHIABE ZGA-OCTIKALT of
Exanpl g 2 (f'CHfEfI foIrT l9G purification fromhuman serum For
conparat i ve anal ysi s préﬁf ei n A- Sepharose beads with i mmobili sed,

reconbi nant 25 protein A were also used to purl%

puri fi cat iTsnPEBrredyadoedvdins Gie lrodadidagaings shoroted mgﬁbh@r ose 4B bead
purification protocols (Sigm, USA). SDS-PACE anal ysis of eluted
proteins sayedchAr d&?GAWﬂQ@’AQQ&TA@&TA@AR@@@@G@Aﬁe@{m

heavy chains wth an a arent nol ecul ar wei ght of kDa and a
protein r épFEA_ANAS TTehATARATTHAAGEA %T%Gﬁﬁﬁr%%T%"%cul ar
wei ght of @&cﬁ@q&e@@ h@MA@T@TI\T@@‘GWé@M@A@T’@CT@ AMGEFHA

granul es di s omal n as part of HA synt hase on the

LT aE ST A T A TTACATOREIA AOTECABGIAA AT BACAA

I bl
?La{‘Eeeio%ﬁ?éﬁcﬁgﬁfﬂ@gfé’ﬁ%%%%ﬁ“ﬁ?f?ﬁﬁmﬁ%@%b@% re 11).
PHA gr anulﬁe”sA@ﬁgﬁE wmwwﬁ&mcmemmaww AEBACIANICDN’ of
proteins, 7149, BREAARTENE O RGBT RAAE ARl 0es

not |nterfere W t UI’I I cation an donmal ns nedi at es

1 9G purif M&AMW@A@M AGPACINAE AAAAPOGR IAGTAT Cosin ACATAGATATT
wi | dt MBGME'&% TBYAEPRR R ATIINRH AR X%b@WAA% é@&ATﬁ%ABA”&@E%%% ' on

bi ndi ng wer e tenperature | ndependent
of pol ymeATEHETCAAS CLAANGCHCT AACETTYPAGIGATESAGET dph ASIGET AAAT
strept avi @ ArGCTCAGG CGCCGAAAGT AGACGCGAAT TCGAGCTCGG TACCCCATAT

GATTAC

PCR products were then inserted into the Ndel sites of each of the plasmids pCWE and
20 pBHRB8O, respectively. pCWE derivatives were transformed into E. coli harboring
plasmid pMCS69 (Hoffmann, N., Amara, A.A., Br. Beermann, Qi, Q., B., Hinz, H-J,,
Rehm, B.H.A. (2002) J. Biol. Chem, 277:42926-42936) a pPBBRIMCS derivative
containing genes phaA and phaB from C. necator colinear to Jac-promotor that mediates

provision of the activated precursors of polyhydroxybutyrate in E. coli.

25 Each hybrid gene of plasmids pCWE-ZZ(+)phaC and pCWE-ZZ(-)phaC was also
subcloned into Xbal/BamHI sites of plasmid pBHR69 upstream of the genes phbA and
phbB. This resulted in plasmids pBHR69-ZZ(+)phaC and pBHR69-ZZ(-)phaC.



The plasm d pBluescript (Stratagene) was used as a vector backbone,
into which the phaC gene anplified fromgenomc DNA of R eutropha
was ligated without a start 15 codon. The nucleotide sequence of
streptavidin as set forth in SEQID Ngy 15 (derived from _
PET15b- NusA- SA published in Sorensen HP, Sperling-Petersen I-1 1j,

' - I f. .Dec; 3 X =259 S
subctoned T bieven 3Rl Porhlk o8 S RRRRR Rl W TREPER SR
N-ter m nussudicePha @spLOvalydria’ gex(e@@céﬁﬁlk@ﬁgﬂblmhe ACE t}fgmdl TMth}Jenggd
e e
reaction (Zﬂii@)Pb*Q and Mmzzzma%%dmgleﬁmzz Ifha@ ﬁlﬂs?%?ﬁm{sﬂ{mi )Ele Zlg
ETL5b- Nus se rat agene )
U157 Redel R R e i o b 2T RaLIS o ocas oo PrRA

Denat ur at ipghB).3 min 94C 2. Denaturation: 20 s 94C 5 3. Anneal ing: 20
s melting tenperature 50C 4. Elongation: 60 s at 72C 30 cycles of

For " Exampl EERHE RE ot RaHAR sPR0C R G A1t Rl they kel
prot ei ns dyatidobisoprepd- &Dtﬂuogndhctommﬁosmsl(m@)&da Shd) sbricafiteion BEd.udi ng
Bi ot - ot Ao AT G % Akerditbodn iy el e B~Binburron wd S
usef ulllas 4&0@@,nﬂ&13m requisedysieibiteiod were pesdat the Belidwied codtdgaiRNAnipsaliAl | on.
and the c3R pg)’nﬁ cﬁora&%ﬂ%mopgo ug/ml, All chemicals were purchased from Sigma-

Aldrich (St. Louis, Mo., USA).

The functionality of the PHA synthase was investigated by analyzing the PHA content of
the respective bacterial cells. The amount of accumulated PHA corresponds to the

15 fonctionality of PHA synthase. The PHA contents were qualitatively and quantitatively
determined by gas chromatography/mass spectrometry (GC-MS) after conversion of the
PHA. into 3-hydroxymethylester by acid-catalyzed methanolysis as perviously described
(Peters, V., and B. H. A. Rehm. 2005. FEMS Microbiol. Lett. 248:93-100). No major
differences in PHA. accumulation could be detected when compared to cells harboring

20 pCWE or pHAS and pMCS69 as control (data not shown). These data suggested that the
ZZ-PHA synthase fusion protein mediates PHA biosynthesis and PHA granule formation.
The presence and absence of the signal peptide did not impact on PHA synthase function.

Cells were harvested by centrifugation for 15 min at 5,000 x g and 4°C. The sediment
was washed and suspended in 3 volumes of 50 mM phosphate buffer (pH 7.5). Cells were
25 passed through French Press four times at 8000 psi. 0.75 ml of the cell lysate was loaded
onto a glycerol gradient (88 % and 44 % (v/v) glycerol in phosphate buffer). After
ultracentrifugation for 2.5 h at 100,000 x g and 10°C, granules could be isolated from a
white layer above the 88 % glycerol layer. The PHA granules were washed with 10
volumes phosphate buffer (50 mM, pH 7.5) and centrifuged at 100,000 x g for 30 min at



secondary anti bodies. 15 |1l PARTI CLE PRODUCTI ON Exanpl e 10

- Production of reconbinant proteins as fusion polypeptides on PHA
particles. Production of reconbi nant proteins as fusion pol ypeptides
on polymer particles was denonstratadiin Exanple 1 using fusion

pol ypepti des conprising a phaP phasin, and 20 MOG or |L-2. Moreover,
Exanpl e 5 gdempnskdiakitohdfingtierik pfnBR{RFad éﬁ%eaaedﬁmgm?ﬂété g ues ©
produced as conformationally correct epitopes. The ability to produce
conf onnat isé%ed ¢ @orrect reconbi nant pol ypepti des provi des a useful
vehicle for reconbinant protein production. Reconbi nant pol ypepti des
can be engymat ipganoeiheaved fromthe pol ynmer particles and 25 the
phaP pol ypepti de using the engi neered protein digestion sequences

| ocat ed beiween . the reconpj nant, pol ypeptide and the phaP pol ypepti de
of t e uS U SIS BERE f ae TSR SR o B San SRR £ T

Fi gure 55. caftuichihflygxmmelcendublke fiadmee bf dikgostiapghdatipant pol ypeptide
at the sequence DDDDK shows this site is recognised by enterokinase

and is avajlable, 138 Polyner partic|les (5x106) expressing the

12! ohab IR HETSpaeH AL o wBiRs bttt AT B o RERg to the et hods
described in Exanple |I above, then Incubated with bovine

ent er ol andsesfigaiofs cprrldd hotbsthe pinipdsed oftheitnverdivd hbve 1eyealkd thud thepokymegur e

12). Fol | Qw i ion, .4 he particles were, washed and the

tubat ed TR SRR 5 Brbeids Mol B 5% {58 RRRRRBRE-SaG wy) o
anti - MOG (qyohiortaiv8 11810 bF antibbdikref@d immdsedatice dsmgTATR.es at anbi ent
tenperature. Particles incubated with anti-MOG (cl one 8-18C5) were

then viseheg: s mndte Bphe ¥ i A0 SRR Mot e ol d it 21
st r ept avi dhasic eupMeuseriMigodedychieidydoprotel 5 (MO Gl teigen pBpaibd apandiniged es
wer e then Egyg@ﬂgq el M%g_s and anal ysed using FACS. The filled

hi st ogr ans i'gure show the fluorescence of the IL-2 polyner

particles incubated with the anti-MOG mAbs, as a negative control.
The | ack oF1%wash CEIBEB9E mice were immunized subcutaneously over the left and right flanks

with indicated 50pg of recombinant MOG protein emulsified in complete Freund’s
15 adjuvant (CFA) (Difco, MI), containing 400 pg of Mycobacterium tuberculosis. Control

mice were immunized as above, but with 50pg of ovalbumin (OVA) instead of MOG.

Four weeks later, mice were tail-bled and whether MOG-specific IgG antibodies could be
detected and quantified were then investigated. The antisera from 4 different MOG or
OVA immunized mice were pooled and diluted in FACS buffer (PBS, 1% FCS, 5mM

20 EDTA, 0.1% sodium azide).

To 5x10° polymer particles expressing the MOG-phaP fusion polypeptide, 50ul of the
diluted antisera was added in one well of a 96-well plate, and incubated for 15 minutes at
room temperature. Wells were then washed three times with FACS-buffer, and 50l of a
5000 dilution of biotinylated goat anti-mouse IgG (Southern Biotechnology, Litd) was

25  then added and incubated for 15 minutes. After another 3 washes, wells were incubated
with 50pl of a 1:2000 dilution Streaptavidin-PE (PharMingen) in FACS-buffer for 15
minutes, then washed 3 times and transferred to 200! of FACS buffer in tubes. The



detected shows there was no or very little non-specific antibody

bi ndi ng occurring. The enpty histograns show the fluorescence of the
| L-2 polyner particles incubated 15 with anti-IL-2 mAbs: After
exposure to enterokinase for O hrs (1), the enpty histogram shows a
clear shift in fluorescence over that the negative control, show ng
IL-2 is detected and is attached to the polymer particles. After 1
hr i ncubation with enterokinase (ii), a smaller shift in fluorescence
intensity indicates that a proportion of IL-2 has been cleaved from
the particles. 20 After 16 hours intidbation with enterokinase (iii),
no IL-2 is detectable on the surface of the pol yner. particles,

i ndi cat i ngsdndpies Wkre Zheh am thhaeh a FAESurreanH Fetiis bindyspbbsinaieli@ast | cl es.

Ther ef or e, {ﬁhe IJ;_- 2- phaP fusion polypeptides can be cleaved fromthe
pol ymer pa é 3‘“%@ overni ght incubation with bovine enterokinase.
Proteins that typically forminclusion bodies during reconbinant

prot ei n exphessuitorhow Hut, wheess pigen-tpecifodgp enibediesdien YiRErimpanivt eaved o'ff.

and very eagk b Bwthé lef £QPasdidiendIA0B IFRLP M b de, RieRAWS g very
pure pr ot ei W ﬁa&(i b|’%I 0 lltﬁgal acti vit %e;z: %/ §(;REENI NG

Exanpl e 119 "Wé%&&r"é&df“ég %?IS%%%%Y b o LRSI ng t he:
al.pha _ subthaitbe iefel Msﬁcﬁtw@nﬁﬂuﬂh&ﬂeﬁmmd ovef hbropd asgeiotl pBADHI sB

(I'nvitrogegy .k, gfp:ilﬁ , haP 5
gene anpl i @ rom genonﬁyﬁm‘m? ti'}%rsgp élrﬁ}eé\ﬂ g%‘{agofeﬁThe

sol ubl e dospstificityfaretshovarin Exsmpld4chol i ne-receptor as set forth in SEQ ID
NO 16 ("Reconstitution of conformationally dependent epitopes on the

N-ter {n nal m)sé fe@mﬁémwm&f the SlédHRdr gm@&estaﬁﬁmmsdnnm@qh iff&ﬁ%&h’ﬂf@@@!{ i ne
recep Supu I esse I N C a Cojl i cati ons

[ oren 38, R moed pF SRty o hssTe SRS Corgignil b B

| nt er natl otectinologyamodfzg ysed Yo this ap@jcatido; buesuclppemoﬂﬁaﬁnib&ﬁﬁl)e i s subcl oned

using Xho Lonkdifh mtere@ss@mmm%@slnmmtnmﬁ@h g& nus of
PhaP. Figure 13 Shows the resulting vector ADP Pol yner

particles havi sych f.usio es. can be used to.screen for
nol ecul es Ef”ﬁ%"?g T ReferpiRing 8?%?8?@%5%“%”&“‘&%‘“‘““’“5 miice using
acet yl chol Emmedmbgtlmnmnosorheut Assays (ELISA), '

15 Example 3 showed that antisere from MOG-immunized, but ot OVA-immunized, mice
contained antigen-specific IgG antibodies that recognized the PhaP-MOG fusion protein,
The specificity ot the antisera was also tested using ELISA.

Round-bottom 96-well plates (Becton, Dickinson and Company); were coated overnight at
4°C (50 pliwell) wuh 3pg/ml of recombmant mouse MOG.;;70r OVA proteln (Sigme-

20 Aldrich) in PBS. Supemaxant was discarded and wells blocked by adding 1% BSA in
PBS (100 pl/well) for 1 h at ambient tempetature. Plates were then washed 3 times with
10mM Tris/HC!, pH 7.5, 0.05% Tween 20 (ELISA buffer).

Diluted seré (50 pliwell) in 0.1% BSA/PBS trom MQOGy_;;7or OVA immunized mice of
Example 3 were added and after 2 h, plates'were washed 3 times with ELISA buffer.
25  Biotin-conjugated anti-mouse IgG antibodics (Southern Bigtechnology, Lid) diluted '
1:4,000 in 0.1% BSA/PBS were added for 1h, and wells then wash 3 times with ELISA
. buffer. Amdex Streptavidin-HRP (Amersham Bioscicncos) diluted 1:3,000 in 0.1%
. BSA/PBS, (50 pl/well) was added to each well and incubated for 30 minutes. Plates were



15 Exanple 12 -Preparation of reconbi nant PHA particles containing

t he al pha subunit of human Thronbopoi etin Receptor Ml). Once again
the plasm d pBADH sB (I nvitrogen) is used as a vector backbone, into
whi ch the phaP gene anplified fromgenom c DNA of R eutropha is

| i gated. The al pha subunit of human Thronbopoi etin Receptor Ml as
set forth in SEQ ID NO 17 29 ("Expression of the Sol uble

Extracel | ul ar Domai n of Human Thr onbopoi eti n' Receptor Using a

Mal t ose=Bi nding Protein-Affinity Fusion System ; 2004; Biol. Pharm
Bul I . 27(2): 219-221) is subcloned!33nto the phaP containing plasmd
at the Gtermnus of PhaP. The 5 (GGCTACTCGA GATGAATTCO AGCTC( 3AACA
ACAACAACAAth#dwMsh 3 timachnd 3,3(, ARG aefbenfilind\TMB)atded GEGACRAGITES.

AGCTCCAGEG i of | nce ..ar et forth.in SEQ 1D
NG 15 andCuBkeBloRmRl 1 sne MR 2 SERBIG et e pitleR
resul ting ededun opBadsRdr micrdplzieyrender (PiaRed bibestonesng Jlewuleh CAuSi on

pol ypepti dggAj.:an be used to screen for nolecules that bind the al pha
subunit of human Thronbopoi etin Receptor. V ENZYME | MMOBI LI SATI ON 5
Exanpl e 13 - Stabi]ity of the bond petween the surface proteins and

t he pol gneMOGé‘BWE‘“%‘?d’ '}/‘HB‘” ‘F‘V}‘F&’?mﬁﬁfﬂ“#@@'ﬁ%g%gﬁ‘hmﬁ%ﬂ arried out
-for the pusnibsis taf redogsisddnbaiombinanh MOG-doetvdRicrtitet Bells. ONa pol yner

synt hase cay E{a&w’ I . j e
pol yrmer parﬁr%fseeﬂgﬁjﬁ&ex?} : y é-g%??ﬁ%%%, %\n%ﬁorgleerﬁéep %‘%"?‘!ﬁw’?’gggg‘g‘?s, such
as for exampmith MG éhWél‘bhFé’éﬂgGs‘rmith'ﬁ%@*“Ymm?@!ﬁsﬁ,ngﬂg-@éﬁ(f@u&ni di um
hydrochl orgge or dithiothreitol, nor by the use of acidic
conditions. This is indicative of the presence of a coval ent |inkage

bet ween . th 0 particles a he | ymer .part.icl.e binding
domai nqgf ?ﬁg“péyo%ro%wga‘? rt.'cli'&%ﬁ‘)eée&cte‘g'ﬁgééa’ Pgﬁ"g "?’}’?Jy’ of the bond
enabl es stable transportati on of substances bound to or incorporated
into the 1BVisosajeRs et Br B Prpostpb i invetigabave repealed iakexpeetsdiani nus
fragment Oipedifieprétin htipersla® HBIn Pl pystites b YH BB EofiN doBhitt phetRleb O t he
Dot Nt 10 3h bh 0S4 BARES G S el TR S OB Rl O Y

Polymer partictes (5x10%) cxpressing the MOG-phaP or 1L-2-phaP fusion polypeptides

15  produced according to Example | were incubated with anti-MOG (clone 8-18C5)
unlabeled or ~IL2 PE labeled mAbs (clone JES6-5H4) for 15 minutes at ambient -
temperaturg. Particles were then washed 3 times, Particles incubated with anti-MOG
{clone 8-18CS) were then either incubated with APC labeled anti-mouse JgG or with
biotinylated anti-mouse 1gG for 15 minutes, and then washed 3 times. The particles

20 incubated with the biotinylated anti-mouse IgG were further incubated with streptavidin-
PE for 15 minutes and then washed 3 times. |

All polymer particles were analysed on a FACSorter (Figure 9). Figure 9 shows the
fluorescence of MOG (column A) or IL-2 {column B) fusion polypeptides on the surface
of polymer particles incubated with (i) partioles incubated with directly labeled anti-IL-2-

25 phycoerythrin, (i) particles incubated with anti-MOG + biotinylated anti-mouse IgG +
streptavidin-phycoerythrin, (iii) particles incubated with anti-MOG + directly labeled
anti-mouse IgG-allophycocyanin.



repl aced by functional proteins using genetic engineering nethods. In
this manner, polynmer synthase activity and synthesis of polyner
particles are retained (Rehm B.H A 20 at al, Biochem Biophys. Acta
2002, Vol . 1594, pp. 178-190). Asa cdasequence, surface
funetionalisation is obtained which exhibits elevated stability.

Prot ei n arikYisledhib@dsrafid IR Sk AGb¥scoNRWethe VoG- WiTED ;?mhhérgmeféﬁ'
fusion the é@gé%nunber .of the polymer synthase at the particle
surface i SPLPREhyit thedptinteger @B*M&%bm% respectivelyrasfanseaiive ek r The
synt hase, eyptycisthgadt SRSLhONh 868 A0 MO EYor MW glngg' nal ysis.
st g i tysh?4kfﬁ)(gzo-rPHA g anu‘)%g&gf Exanpl e

25 Exanple 14 - Protein A stabilit, /

2 were subfebitedivityantieMoxi mdbporantislb s respectival.es,  denonstrating
consi stent purification performance and strong stability. Tenperature
st abi | ist y Thageshisshodt 1y, vHetla@dtipBlspR P ERIBARN MR Dot th MefabdTe

t enper at ures an? then assessing the |gG binding capacity usfng

ELI SA G WA NRERtklon dhore was agror yeryditte non-sgeqilfi amibednbindingmer at ur es
and 100 | of suspension added to mcrotiter plate. The plate was

| eft over Exghpleat - Bafducidioft 2 SmiPHaISsYRpHPPerftidege times in PBS,
human serum dissolved in PBS was added and the plate incubated for 1

hour at r cature. Th ll.s rewashed three tines with PBS
and anti - %%@’W‘%%g Ao s PReciB Aveem %?%D%Cﬁ“fﬁ’ Atfieuscande pRsg o

t enper at ubind aftimdisekd the wataee bithapolpadgariicRs, dridiBE fuMAidhalRRS paeled O
devel gped scribed in Exanple 7. Figure 15 shows that at 60C

bi ndi 28 cé*%g%a?%‘? UG & VBt ﬂ@mmo%e@@}oag?fﬂﬂ}dﬁ@m&‘aﬁg&%lvﬂ appliepiient i ng

that the ZZ domain was partially unfol ding. Exanple 15

- 13- Gal aciwthis¢asreplEmestivies havindiukios atlypeptitlesvesbiigag ihe IZ-dvafafd &d out

for the p ﬁ%gg i_nvent.on e reveal ed that expressing 15
enzynes ag us?gﬁﬁ%g%ggg% %gggh%ﬁm@ﬂ%w%ﬁffgke of the polyner
particles_can be used to stabilise the enzyne for prol onged periods
of tinme uhBepariclesargesubjectsdde SIgS-PAGHtinalyeinss previousihdescribed (etess, VRHA
synt hases ;e &1 US §dnin0dhaVAkS! i bl b 28,135 gal act osi dase at the
PHA granu?e surface. Cbnst%ﬁgp%%ﬁm%ggﬁg%k$ggquag%hasnids used to

r odu a Z- PhaCl 3-gal act osi dase- PHA synt hase) fissions were
P (ig Z&—%’%ac pp.ls the I& ’gemu%al signal peptide has a theore}c/ical molec%;lar weight of 83,981

and a protein with an apparent molecular weight of 84 kDa could be detected as

predominant protein, Without the signal peptide the fusion protein has a theoretical

molecular weight of 79,338 and a protein with an apparent molecular weight of 80 kDa

appeared as predominant protein.

20 The identity of these proteins was confirmed by peptide fingerprinting using MALDI-
TOF/MS. Thus both open reading frames could be efficiently and completely expressed
in & coli. The plasmids pET14b-ZZ(+)phaC and pET14b-ZZ(-)phaC encoding either ZZ-

PhaC plus or minus the signal peptide mediated overproduction of ZZ-PhaC at the PHA
granule surface.

25  Example 7 - Display of the ZZ-domain at the PHA particle surface.

Ll L Rt a ]



constructed as follows (restriction recognition sites are
underlined). A Spel site containing adaptor, encoding the |inker
regi on, was generated by hybridization of the oligonucleotides
adaptor 5'-P- TATGGCTCTG CACTAGICAC T@3SCA-3' (SEQ ID NG 20) and
adaptor reverse 5' -P- TATGGCAGIG ACTAGIGCAG AG CA-3' (SEQ I D 25 NO

21). The artalpéadice mazzldeﬁ@fntaedleIpal&leletsm@acblqﬁhmfeb b?gocfozz@l%ﬁﬁﬁ’g 1dRGasPel
site Wasd@mgtomsert the | acZ gene|n rane with ere ective

PHA synth EEDPhe PRI ZZwheC.05d 1 HyZE Eoptsh M%ﬁﬂ(ﬂph ofby PCR

from genomamb¥A, of wit til§ Gadced B R

5' -] acz- Spel &' - GCGACTAGIAT G %IICATE ¥ C%ATTCA 1}%%%3@%%”%%(3 ID
NO 22) ari’def@,lsolﬁféé znds&éql f05 ELENACTAGTTT TTTGACACCA GACCAACTGG
TAATTG 3' (SEQ ID NGO 23) which provided Spel sites. To investigate

the LacZ- PHAEEISH, haBeol Mickoit: PRl hate c'BQc&! with @om@dﬁam [§\|A
construct was .generated by subcl or ung t he Xbal / BanHl fragnent

f r om pBHRSBRFAIP 4ud dsupsied ayepnight at4°Cy ﬁ@lb@@@n&f‘*ﬁfﬂiéﬁéi‘@iﬁBﬁM‘?@h V.,
and B. H. efchRahis id@BRed %Elygo@fé&mﬁh%mm (bfhda-A1RAS:, %%A%%&th%r?%l{ﬂl“ ng

in plasmd pBBR1JOG- | acZpha To achieve overexpression o

LacZ- PhaCPyRE PREEIEG M@O%%ﬂn%ﬁﬁenifwqu@gﬂMﬁt@l PR ED BhR8® Iand

BHRS0AL
ranst or Mol g ohr ol R g B AR G R el

(DE3) Ly $8injePs sphstpes 9P mbal % Q-Phepflmali%m@mlmém@bbaﬂd

ET14b-1a f 0.6,
ar e O£y ) “RAPIPRRBIEL NS b SR R SR
£

(1 PTG to2ding %awowm%@frﬁlf §@n Th@ﬁmmnﬁ Ofﬁvbswet wnvegsiomivhs feasured at a
addi ti Ona|wa5elghgﬂ{;@ﬂ49§ nﬂﬁ(s%g?ﬁﬁl\ﬁ%ﬁ%e?ﬁla@Xea(ﬂ trifugation and stored at

- 80C. 15 Conplenmentation I sogen marker-firee P. aerugi nosa

Aphad - z-ﬁczh% le For_co Ierrent ation of the PHA-negative nutant,
the | acz- phipecic gléﬁlégaf Ig& rapy iSRG dfEa fae ithhosing selasiity Xbat

and BagHl cadddinR¥-PEA sifthfe KR p@(ﬂgn Rard gﬁls‘?édtbpysat Egstar@%qné?%% i’ ange

vect or pBB JO5, resulting in pllasmd
517-1 was 2pOBHOR &t HuRHGkned Ofﬂ%ﬁw@?lé\ﬂwwmed t@@BwlﬁGﬁpq RitZgtindas 20

:Vg }\A oC (F)’nt Z%B;‘]zg*%b 105 Rh PR Gcelind abdnediithe i AAELPRIMEFRLSmPRY: B BR) ected on
i ni
blndm% capacity. However, overproduction of ZZ-PhaC at the PHA. granule surface

significantly increased the binding capacity (Figure 10).

20  Example 8 — Comparison of ZZ-PHA particles with commercially available Protein
A particles.

PHA particles displaying the IgG binding domain ZZ from protein A derived from
PET14b-ZZ(~) phaC of Example 2 were used for IgG purification from human serum.

For comparative analysis protein A~Sepharose beads with immobilised, recombinant

25 protein A were also uséd to purify IgG, IgG purification was conducted according to
protein A sepharose 4B bead purification protocols (Sigma, USA). SDS-PAGE analysis
of eluted proteins showed that the immunoglobulins (a protein representing heavy chains

with an apparent molecular weight of 50 kDa and a protein representing the light chains



150 g/ gentanycin (6). Cells were then grown under PHA-accunul ating
conditions and the PHA content was determ ned by GO/ M5 analysis. In
vivo PHA synthase activity. In vivo PHA synthase activity was

obt ai ned by anal yzi ng PHA content of 1Bhe respective 25 bacterial
cells. The anount of accunul ated PHA corresponds to the relative in
vivo PHA syt igsaed@iolatulay weik o PERDSONE Bl iRl ﬂl‘ﬁ?ajn'sfﬂ%%d Wl and
quantitatiyvel I\_/I eterm ned by %as chr omat ogr aphy/ nass spec romet ry
(GC/ MB)  afdéeFHadmpules displaying the & Zpigmalnras g of the Rildrsymihmetoh ylicestfare by
aci d- cat algrzedarichanol ysis. 143 Isolation of PHA granules. Cells
were harvested by centrifugation for 15 mn at 5,000 x g and 4C. The

sedi nent lquas washed and suspended in 3 volunes of 50 mM phosphate
buf fer (pHI® Byrunqglqbulingghyted froya SEdaeremas ahpH Beand Bhovred ediightiearse of mes

at 8006 Psjuritybofiphiabieto B 8ork@bibialr ( Y G gy, o
gr adi ent élréb&)oar}\)d 44 %A) (V/'Q g]lla %ﬁ?blgﬁ?pahﬁggﬁ%%o g@%@é?ﬁlg&g\?%r

ul t r acent A ganylesfomend by v Wﬂq)@%@ amnibasgdid nat shoy ehtiamaf msteimeul d be

i sol ated fg@8@he MLES ediBY Bihd; . % ver ~ The PHA
granul es je%&méshed s\?ﬁetlh 10 Iﬁ%%?%ﬁ%%ﬁgﬁogﬁg%%?gﬁ%#eléér‘%%%%(}mw H
7.5) and dstfieatipnguldhaithe1£i donsmepiftes/g@Qurification (Fig®e 1he sedi ment
contai ning the PHA granul es was suspended in phosphate buffer and 10

tored at ' '
stored at GhatrolTaId Qx@ﬁ&ibszc%niaﬁ%% éﬁﬂ}{ \tzvi_ﬂﬁycgéﬁﬁ Eﬁﬂ%@&o?fgﬁs Tranﬂ’@}g ?O.W s of

granul.es of P. aerugi nosa Ap | har bori ng pl a
pBBR J86- [Uatepifis binding avbishvess ismoearaipdarerdsdt. by the wi | dtype P.

aerugi nosa PAO were isolated and used for ELISA. For ELISA wells of

m croti t eExpinples- PRpRratdatot folpneP paeledhanih ﬁ:sﬁg@ogfﬁéﬁﬁﬁe‘és 15
er oC

suspensi on _and.i.ncybat ed. overni ght at 4C. Af ihg with 3 %
(W v) BSASFYPPISiRe streplavpflife| | was i ncubated with pol ycl onal
anti-(3-gal act osi dase anti body conjugated to Horse Radi sh Peroxi dase
(HRP) ( Ab&heplasmid pBRiesddpA)Sirafére) waashd & LRctonBddibonteihd wiiasihed

several ti w th hate buffered.saline. As_substrate, 200 | of
an o- pheﬁg#aée%eélﬁ f%ﬁ?ﬁ%sfg%‘? BB }%%glﬂ?RAﬁ%‘{” 7 PREHFSYIRISUt a sart a s
added 160 eadoh. wel | and 20 after 30 min, the reaction was stopped by

addi ng 0.5 volunmes of 3N H2804. The anount
The nucleotide sequence of streptavidin as set forth in SEQ ID NO:15 (derived from

pET15b-NusA-SA published in Serensen HP, Sperling-Petersen HU, Mortensen KK.
Protein Exp Purif. 2003 Dec; 32(2):252-259) was subcloned using Spel into the phaC

containing plasmid at the N-terminus of PhaC.

20 The 5’ (GCACTAGTAT GACCACGGTC TCGATTAC)- and 3 (TAACTAGTCT
GCTGAACGGC GTC) primers of the steptavidin sequence are set forth in SEQ ID NO:
13 and SEQ ID NO: 14, respectively.

PCR reaction (100 pl):

dNTPs: 200 pM
25  primers: 0.5 1M each
template: 10 ng pET15b-NusA-SA
MgCly: 2 mM
Pfu DNA polymerase (Stratagene): 2.5 U



of substrate conversion was nmeasured at a wavel ength of 405 nm using
a mcrotiter plate reader. A specific binding of anti-LacZ

anti bodies to PHA granules isolated fromP. aerugi nosa AphaC 1-Z-C2
har bori ng pBBRI JO5-1 acZphaCl was suggested by a two-fold increase in
25 absorption at a wavel ength of 405 when conpared to the w | dtype
PHA gr anul i S, [ 3-gal act osi dase activity assays. 144 The
LacZ acti ﬁ?@&&ﬁ%ﬁ%ﬁ%@%ﬁe)l 2" order to determ ne whether LacZ renains
active wh f Mthits Ctermnus to the N termnus of the PHA
synt hase X g@iﬁgﬁlﬂnzedg the PHA granul e surface. LacZ activity
coul d be de HBny"Showed an average activity of 68,000 MJ. 5

Det er mi_nati offe8FeleRnetS ¢ bar amet er s of / 3-gal act osi dase i mbi | i zed at
the PHA grafiireeling gf § seking femnstadss 596 det er ni ne enzyme ki neti cs,

( 3- gal act dsFlgagaionq0isvf ¥37Cof i sol ated PHA granul es was nonitored for
10 mn (data not shown). The ortho-nitrophenyl-(3-(D)-

gal act opy PAResPEstemP@) concentration was ranging from50 Mto 500 M
The 10 correlation of V. with the substrate concentration could be
fitted toThe edmeeciacisritisheionandculietiasconditionstas ordixgmple Snon- | i near
regression analysis (Sigma Plot enzyne kinetics, systat software,

I nc.) .10A Rpeloftrep@aidimMr athdr kiotinirdiog fikitn @raternd domidrbeawed td bbd deri ved.
Enzynme stabi.li L Iy o gl P S
cnder - var Do itsd RSPl ot e o BT Bl AR Bhos THR HEBRHLED
was noni t dreddotowsieptavigmrinteccti peiniwekred FhisstiReiogreamefliles ligaslpé@nsi on

D1 agnost  cutbyit Eifhs Mchitn BERET REALSTRR ML R BB hR . Sooe

(v/v) gl yceoodary diidbodiesddi ti on of 20% (v/v) glycerol resulted in the
best storage stability with 91% of the initial activity after four

weeks.;sNo ygddi ﬁ%gqﬁg%]g%ﬁﬁbﬂogl ycerol resulted after four weeks in

a 20 reduction activity to 84 %of the initially determ ned

LacZ activity (Table 1). Interestingly, after 12 weeks, there was
still 879 Frmpkeldinfropnstiogof reqompinpaf prateips as fupiop jpalypeptides on PHA
particles.

Production of recombinant proteins as fusion polypeptides on polymer particles was
demonstrated in Example 1 using fusion polypeptides comprising a phaP phasin, and

20 MOG orIL-2. Moreover, Example 5 demonstrated that the IL-2-phaP fusion
polypeptides were produced as conformationally correct epitopes. The ability to produce
conformationally correct recombinant polypeptides provides a useful vehicle for

recombinant protein production.

Recombinant polypeptides can be enzymatically cleaved from the polymer particles and
25  the phaP polypeptide using the engineered protein digestion sequences located between
the recombinant polypeptide and the phaP polypeptide of the fusion polypeptide, as
shown in the schematic drawings in Figure 5. In this example, cleavage of the
recombinant polypeptide at the sequence DDDDX shows this site is recognised by

enterokinase and is available.



PHA granul e suspensi on containing glycerol, while the LacZ activity
of the PHA granule suspension w thout glycerol showed al ready an
activity reduced to 75%of the initial LacZ activity (Table 1). 25
TABLE 1. Determ nation of enzyne stability of (i-gal actosidase at PHA
granul e surface. Storage tinme (i-galactosidase activity

(3-gal actosi dase activity (protease (weeks) (protease inhibitor)a

I nhi bitor/20% (v/v) glycerol) a (lyltl] L 7] O 77400 77400 145 3
65000 68900 4.5 60900 .70300 12 58194 67287 27 55500 65300 a
Protease inhibitor and 20% (v/v) gl ysserol were added to the PISA
granul es suspension at time point 0. 5 PHA granules were stored at

+4C. (i-gal @eﬁyasﬂ FARRs @ﬁiﬂ‘)\ékﬁryssmgﬁc mwmma oty se?h&& fete ﬁd&ce@r anul es.
Exanpl € npari so ?Cgﬁi‘}f en I nc and T7 ers. n.this

oxanpl o 1 ha-ergs ey EEmR hatns Hep edetediitabovine T pa
particl es dntepkifast fog(i} Miouksgd) Dhotf) bl 6 Bdubs (Figwt 1M protein A of
Exanple 2 derived from pBT. 14b-ZZ(-) phaC (under the control of the

T7 pronote I
PEHRSO. 22 1 hAE o R b AL i RSB W Bromitrn

shows .Z2 d&ﬂ%!?dwﬂd% ‘AP ESyHE) B%aﬂfﬁﬁ@%@mﬁwl%ﬁ upiphsfert mAbs for

PBHRG69- ZZ( 13 pliifes atafbientdeigelaitees freshly del ved from pBHR69-ZZ(-) phaC
(B) and pETI4b ZZ(-) phaC (C), 15 incubated with 0 (1), 1 (ii) or 10

N ani <"t PREeUARREOMIRRR GRS T WICEN e iyl P o1

(phycocryt hti-nyyse IgGAﬁP!‘ PBheintigscgind hen weshesdshtimestfolisved bnforthen incgiedont hat i
parti cles BBy kiAdSlnichQiijeotiin ol BGRALL 1 €l e. AL | ower, but not

saturating, concentratlons (1 pg/m) it still binds nore
10 All particles were then washcd 3 times and analysed using FACS.

The filled histograms of Figure 12 show the fluorescence of the IL-2 polymer particles
incubated with the anti-MOG mAbs, as a negative control. The fack of fluorescence

detected shows there was no or very little non-specific antibody binding occurring.

The empty histograms shaw the fluorescence of the IL-2 polymer particles incubated

15 with anti-IL-2 mAbs. After exposure to enterokinase for 0 hrs (i), the empty histogram
shows a clear shift in fluorescence over that the negative controt, showing 11-2 is
detected and is attached to the polymer particles.

" After 1 br incubation with enterokinase (ii), a smailer shift in fluorescence intensity
indicates that a proportion of [L-2 has been cleaved from the pasticles.

20 Aﬁer 16 hours mcubation with enterokinase (iti), no 1L-2 is detectable on the surface of
the polymer particles, indicating the IL-2 has been cleaved from the polymer particies.

Therefore, the IL-2-phaP fusion polypeptides can be cleaved from the polymer particles
by overnight incubation with bovine enterokinase. Proteins that typically form inclusion
bodies during recombinant protein expression can thersfore be expressed and then

25 cleaved off and very easily purified from the polymer particles, producing very p\me
pretelns with high biclogical ac:wsty



| go. 20 Exanpl e 17-Conpari son between ZZ-particles and comrercially
avai | abl e Biovag beads. In this exanple the Igo binding affinity of
ZZ domain displaying particles was conpared wth commercially

avai l abl e Protein A Bi oMag beads (Perspective Biosystens). PHA
particles (A (ca. 1SO run dianeter) derived from pBHR69- ZZ(-) phaC of
Exanple 2 25 displaying the 1gG binding domain ZZ fromprotein A
~were shown to display at |least the sane binding affinity as the

Bi oMag beads (B). (Figure 18). 146 Exanple 18 - Particle size

Bi oMag- BNP conpar ative exanmple. Injfis exanple the effect of
particle size was investigated. PHA particles displaying the IgG

bi ndi ng donrgi n rotein A of Exanple 2 derived from

pPET14b- ZZ([f)e ph%%{év\%hﬁgdgonpar ed to particles derived from pBHR69- 5
ZZ(-)phaC. PHA particles derived from pET14b-ZZ(-) phaC with an

aver age di &mepRe 1bf Peeparstion ofecopmfiinamPHiepastidesoaptambrgibradplen about
10-f'ol d | nehR@RSELdthadi oG idbideRebeptophen .conpared to aged particles
derived from pBHR69- ZZ(-)phaC (A) and particles freshly derived from

"pBHR69- ZZ( . of. iv¢h d. an ave e.pari.i.cle dianeter -
of about 1%@&%&4@0«%%%%@%?% a?r%?’cé:to cﬁb%?%érﬂ c(']l‘l”gs"%}? I %EWOn of
pol ynmer Spagtreginplified Epingeapnfic BNA af Seriopbr phigtdt er. I n this exanpl e
the effect of pronoter strength on particle size was investigated.
g: : S Wer €hgioRibl dbfaiﬁe{)ﬂmdemﬂytch@ﬁe_g&pw%sw&w HSEQNDR®: 1L cul ture.
i mges,wer e, t ake Jansm ssion.el ectrron nm croscopy .at an
2ol Ut & MRS PRIHPR gfFoRprptol eg e i of HES Forirel praRRl ey
r esol ut i on delmaimotttiee tatreritiust B apaylchRgpresporaiphs subuniteggreseddsh particl e
‘'size were s and: | o T l. wer e
measur ed WIEt &gﬁ%gﬁl’e?ﬁ&%@%@éwg@ﬁ%%ﬁ? ?%%%J‘f-g?oi lqr?_gr’ b®§f ticles
di spl ayi®ng teseatiprpdognugionty Vab i MNg. %2ep-f3385r69) issuelstoredusiie Xhehiag e 2
deri ved frm@ﬂ&bnﬁgﬁmg,ni@mct_@rﬁmW}jﬂﬁ_ Figure 20. 90% of- the -
particles produced had a dianeter of about 200 urn or bel ow, 80 % had

a 20 di amﬁ?@ﬁrgﬁﬁﬁﬁ%&@Qmﬂﬁhﬁwt@?ﬂﬁ‘ﬁ-?—ﬁ&f@ had a di aneter about 100 nm
% ha ¢ i :

or below 4

Polymer particles having such fusion polypeptides can be used to screen for molecules
that bind the soluble domain of human acetylcholine-receptor.

15 Example 12 ~ Preparation of recorbinant PHA particles containing the alpha
subunit of human Thrombopoietin-Receptor Mpl).

Once again the plasrnid pBADHisB (Invitrogen) is used as a vector backbone, into which
the phaP gene amplified from genomic DNA of R. eufropha is ligated,

The alpha subunit of human Thwfnbopoietin Receptor Mpl as set forth in SEQ ID NO:17
20  ("Expression of the Soluble Extracellular Domain of Human Thrdmbopoictin‘Reccpmr

Using a Maltose-Binding Protein-Affinity Fusion System"; 2004; Biol. Pharm, Bull,

27(2): 219-221) is subcloned into the phaP containing plasmid at the C-terminus of PhaP.

The 5" (GGCTACTCGA GATGAATTTCG AGCTCGAACA ACAACAACAA TAAC)
and 3* (CAGCTTCGAA TTAAGTTGGG TCCGACCACG AGCTCCAGGG) primers of
25  the Mpl sequence are set forth in SEQ ID NO: 18 and SEQ ID NO:19, respectively.



a dianeter about 80 urn or below, 40 % had a dianeter about 60 mm or
bel ow, 25 % had a dianeter about 50 nmor below, and 5 % had a

di aneter about 35 urn or below Exanple 20 - Quantifying Particle
fusi on pol ypepti de coverage The | evel of fusion pol ypeptide coverage
can be estimated by separating the particle 25 attached proteins
usi ng SDS-PAGE, the fraction of fusion polypeptides estinmted based
on the intensity of the fusion protein band as outlined in Exanple 6.
147 | NDUSTRI AL APPLI CATI ON The net hods, .pol yner particles and fusion
proteins of the present invention hgge utility 1in diagnostics,
protein production, biocatalyst inmmobilisation, and drug delivery.
Those pers i Alp. derstand that the above
descripti oﬁgﬁfﬁhg%?ﬂcﬁ%&ﬁggﬁmgsm[JMP'ust ration onl y and that the
invention j lLimted thereto. 148 WHAT Ve CLAIM IS 1. A process
for - pr oducPBEPaEBIJRHES e Ao Bl R LSS SHSTFORGOM S pr ov i ng
a host cel thaGamtelafphngibadit df R@sh TRRLEIORIIS REJefer. CONSt ruct oper abl 'y
linked to a strong pronDter t he expression construct conprising:

(1) at |eagt opQkMG ence encodi ng a pol ymer synthase;
or (2) at Ieast one nuc elc aC| sequence encodi ng a fusion

pol ypep Lse hase, and st one

f usi on ;Lﬁa?ﬁ ﬂf‘?’\?@‘f’? hﬁ‘ggﬁé" g‘ﬁ'ﬁ'&ﬂ';f F'ﬁffﬂ’élﬂ“‘géﬁ(?f’ hs

sui tabl e fmremqmrmempanfcm he expression construct and for
formation of polyner particles by the polymer synthase; and (@)

separat | ng[nbéa@gaamsméa :ﬂ:@fe’i ihG bnﬂﬁosésro@mem&nisﬁlhéve aeaéafcé :Hapeﬁé p&ﬁhérs to
artlc es . A OCGSS f or

d t
D oduc iy ogR s eGP St et o i, g
host" cel | Qaﬁmﬁmanngu&unkm@&mgmmemm»p&eSﬁm@as&mms&ﬂugtmmmﬁfabIy
(1 TC 1O @] il e SRLEL oG SURLESR, B} of BASLIEEAEOTP | 51 1O
ea one 'ffuc i

(1) at elc aC| sequence encdo a polymer synthase;
or (2) at ¢$oediiensone nucl ei c acid sequence, encodlng a fu5|on
pol ypepti de that conprises a

. This is indicative of the presence of a covalent linkage between the polymer pamcles and

the polymer pacticle bmdmg domam of the polymer synthase, The elevated stability of
. the bond enables stable tfanspor_tation of substances bound to or incorporated into the
15  polymer particles to their target site, )

The N-terminus fragment of the surface-bound polymer synthase (N-terminus fo the
beginning of the conserved o/B-hydrofase domain) is extremely variable and may be
replaced by functional proteins using genetic engineering methods. In this manner,
polymer synthase activity and synthesis of polymer particles are retained (Rehm, B.H.A.

20 etal, Biochem. Biophys. Acta 2002, Vol 1594, pp. 178-190). As-a consequence, surface
functionalisation is obtained which exhibits elevated stability.

Protein analysis has surprisingly showed that with a N-terminal fusion the copy number
of the polymer synthase at the particle surface is strongly enhanced compared to the
non-fused polymer synthase, which is almost only detectable by immunological analysis.

25 Example 14 - Protein A stability,



pol yner synthase and at |east one fusion partner; and (3) at |east
one nucl eic acid sequence encoding a particle formng protein or at

| east one nucleic acid sequence encodi ng an additional fusion

pol ypeptide or a conbination thereofy; wherein the additional fusion
pol ypepti de conprises (a) a polyner particle binding donmain, a

pol ypepti t ¢ ri.ses pol_ [ rticle bi.ndin nain or a
particle %Zrﬁr#'%&aﬁﬁg% a'f“ﬁ%tz %eéﬁ%n@fegtgg %re})epact)ei%)}’r‘%leiﬁc%lggf ?cg e Dbi ndi ng
ol Ypept | o and. a ol ndt na donatn har bnds Che T usi on part net. of
Phe” Fant ooy e st 2 GribhEE A SHENES B Or B IR 1S o)
The. expr e80, on coonetr oet gl 1ok Torrmt L on ol palymer pactLeLes, by
the polﬁ%mégizmen@ir@’sugﬁag & daaritiy aﬁf& BBl %ﬁ?ﬁfh@i ¥om

e cultiy rrfedhlt hiStoOTRY &@s thef GEPRE tHrécOinesGO FRE) ISinag s@0my Mer
particles._ 3. A_procgss folfg profjugi n,g%@ol gmer eSart icles, tshe‘prrﬁ)cess
conpr i si ngisseyedgp 875 dfapadded rpdibe pléie DRGAp fogil hgueat romyempeare. The
expr essi oRyeAORSleShed FREE BBRLYWIH PHSSud MtidsSIHOMFas LSRG houbitb®for
expressi on construct conpri si nﬁhm‘é{é{@ at | east one nucleic_a

d
sequence EH&EdPHG EPOFYEYRERtuLy wegg themyvashed feg digies Bl Pﬁglélp‘éi c

aci d s@quUeBGR RGO e e ROI ypeptide that conprises a pol ymer
synt hase and at |east one fusion partner; and (3) at |east one

nucl ei ¢ acjd sequence encodi ng .an addjtional fusion pql ypeptide that
conpr i ses P01 3 ShaYs Batati081¢ PEIRG cARRCHO AT %?Pp&“%ﬁ?l @g@ﬂ?‘%&&’%@
conpr i ses saggeRMg ¥R thel¥2 dontliPwidi pastiang ueeigh or a particle forning
protein that conprises a polyner particle binding donmain, and at

| east one_fusi on pa r; d (4) at. |l east aqne nucleic acid sequence
encodi ng J':I"F‘Hﬂf‘ferﬂé?“#'%’gfa&ws%i; Me H‘W‘ﬁ’z]fsagglbrrpri ses a pol ypepti de
and a binding donain that binds the fusion partner of the fusion
pol ypept i devestigatities cacteil pirtdhathe puposnofibé inpepiondaye Byeated that expréspiggg t he
host |1 under conditi.ons..suitabl I iR I.on_..of r.essi on
const rclgct a1 oﬁs?%%%ﬁﬁpgago%%%%ﬁffﬁ%ro parl{ |Sciéé§9%1§1 % %%%Sgﬁé)%gr
synt hase; swhilise the enzyme for prolonged periods of time under a range of storage conditions.

In this exampie, PHA synthases were used to covalently immobilize -galactosidase at
the PHA granule surface.

Construction of plasmids.

20  Plasmids used to produce a LacZ-PhaCl (p-galactosidase-PHA synthase) fusions were
constructed as follows (restriction recognition sites are underlined). A Spel site
containing adaptor, encoding the linker region, was generated by hybridization of the
oligonucleotides adaptor 5°-P-TATGGCTCTG CACTAGTCAC TGC-CA-3’ (SEQ ID
NO: 20) and adaptor reverse 5°-P-TATGGCAGTG ACTAGTGCAG AG-CA-3’ (SEQ ID

25  NO:21). The adaptor was inserted into the Ndel site of pBHR80. The Spel site was
used to insert the lacZ gene in frame with the respective PHA synthase gene. The lacZ
gene coding region was amplified by PCR from genomic DNA of E. coli §17-1 using
oligonucleotides 5"-1acZ-Spel 5’-GGACTAGTAT GACCATGATT ACGGATTCAC



C) separating the polyner particles fromthe cultivated cells to
produce a conposition conprising polyner particles. 4. A process as
claimed in claiml wherein the host cell further conprises an

addi tional expression construct conpipsing at |east one nucleic acid
sequence encodi ng an additional fusion polypeptide, the fusion

bol Ypepti Ao THar e e Ca e Rk e Bt AR DT PRGRRBRi "or o

particl e fGAGCAGCAGE BAATITGR (SHID NEe a3 pwiioh proeided@el kitseTo bi ndi ng

domai n, and 150 .. a st one, fusiQn partner.. 5. A process as
e+ it B 1R TR S B L bt 4 i RishapBL G SRRt Voo

addi ti onal genﬁﬁt&ﬁ B Sibolnae n&txua?BazﬁanNmfrmmm frb18 pBHRO0SIabT Gheie aci d
sequence encodij ng, a icle or m_ng otein, 6. A process as. .
oo reprn i RBPBRII s s s oA ket 2OnD 1S Reigrobiol

addi t i onalLetiexq3tBsR0PRs@ansihplehidGBRR 1705 NEcAhat e a%tacheR: Nucl ei ¢ acid
sequence encodi ng, a further Pusion polépeptide the fusion

pol ypept i &83@Wl°§i°ﬁba%z‘%‘lﬂcﬁﬁé%?h%=% by /Bapil RYAdseaerts 98t bi nds
the fusi orpErERdEd pRHREOSIaEZGE:@ ButRMIn¥E 88 {he Gespebtivé'siles OLSSISI4h 9hd
produci ng poHyner.partlcles t he Erocess conprising: A providing a

cel | conprie@ffgnedintp stiain BEAL BN PEES on construct operably |inked to
a strong pronoter, the expression construct conprising: (1) at |east

one Rum ei@hli@ﬁf]ﬂ_cﬁﬁ%ﬁM@iﬂE@'}ﬂ@ﬁﬁ w@cmlaﬁxf%ﬁﬁ%gmﬁxpé&sﬂa_ﬁ@ETlnﬁ%%QMH@r
synt hase ¢ [ Si r particle binding donain;_ or at

| east one P%ﬁ?%faefﬁeﬁapﬁfé%ﬁwe S@fﬁ%’a?%atéof%ga Pl cgf&eqaﬁichélﬁnt he
;US! on pqitmaamyit éﬁlﬁnﬁg fdﬁj-w@-mitogaw@@&a@ma& (B56) ﬁ@lq:frﬁt cdn@@ﬁh?@nle

usi on par r, pol yner synthase conprising a polynmer partjcle

bi ndi ng dcﬂﬁﬁgr??Maﬁﬁer(%SW%&ﬁ a&ﬁipw,?%aﬁeﬁlﬁ a5t hapiestedh it pesrituggtipp and
sequence ersgqdithgoan additional fusion polypeptide that conprises a
pol ymer particle binding domain,. a polypeptide that conprises a

I ticl i.ndi d i ticle form rotein that
Pt | et GBI o b TReer & B P A A oo AR 2L e f usi on

partner;

For complementation of the PHA-negative mutant, the lacZ-phaC1 gene of plasmid
pBHR80AlacZ was hydrolysed with Xbal and BamHI and inserted into Xbal and BamHI
sites of broad-host-range vector pBBR1JO-5, resulting in plasmid pBBR1JO5-
lacZphaC1. E. coli $17-1 was used as donor to transfer plasmid pBBR1JO5-lacZphaCl

20 into P. aeruginosa AphaC1-Z-C2, and transconjugants were selected on MSM containing
150 pg/ml gentamyein (6). Cells were then grown under PHA-accumulating conditions
and the PHA content was determined by GC/MS analysis.

In vivo PHA synthase activity,

In vivo PHA synthase activity was obtained by analyzing PHA content of the respective

25 bacterial cells. The amount of accumulated PHA corresponds to the relative in vivo PHA
synthase activity. The PHA contents were qualitatively and quantitatively determined by
gas chromatography/mass spectrometry (GC/MS) afier conversion of the PHA into 3-,
hydroxymethylester by acid-catalyzed methanolysis.



B) cultivating the cell under conditions suitable for expression of
t he expression construct and for formation of polyner particles by
t he pol yner synthase, wherein the polyner synthase remains
associated with the particle it forns43and wherein any fusion

pol ypeptide present binds a polymer particle; and C) separating the
pol ymer par, thr?): %é”}j%%&ja' cultivated cells to produce a conposition
conprising poly rticles. S. A process as clained in any one of
cl ai s 1to7vvhere|nthe strong pronoter Dnnte

phage pr ofrelisyere hayested by gepfrifgaios fa%ﬂfgfwa.aﬁé»a&}%gaﬂ% é[h%?edlf‘iwé‘f ms 1

to 7 whergbp,Lheq Q{d%ﬂgﬁeﬁéed' i 3 90 RRRYES W ANQILBphate %foeﬁpﬁﬁgq a%8ls fsre
clained in any one lains 1 to 7 wherein the onpt er ?Pé‘l
lrﬂfp fl to

phage pr bt oungremh&r@@@gge tégesct 000l 0 @ ]Eﬁﬁ@né}l’sa'@ I“é'i‘?
10 whegei gy, Q%ﬁ@x%f G&bt (@%ﬂ 2£8, L9 o Br’éeroﬁﬁ rpﬁos%hité Bhf2. AEXPI essi on

constructs th encod di'fferent fusion peptide. 12. A
process asltetairifoghtion fayh a ri@[)a@ﬁfo 8 aidfs Cigfﬁ@ﬂ%%ﬁéﬁ efoktedfeonnpst cel |
conpri sesg&_‘% ﬁ?er%%oveqﬁé § & & p%$c%fo?ﬁ?e@*ﬂéﬁ§§ L QRuEONeIHEhe! iflefo each

encode a ent fusion A process as clained in
any one ofoclomes psphateduffer (80 edi il a6) andgentrifigedat 190.90QK eford0dtiR flace

area of t g PO YIRE RALALENE S S £ BNEREA RouSUEAQGR pRAIA WERE &INS.

14. A proceSs as n<any on 1to 2 wherei n at
| east Iaboau)rei‘l(Wé"@‘ the surface area of the polyner particles is
covered by surface-bound proteins. 15. A process as claimed in any

one of cl §,f%ahelOc2 %? B! farfilles s@@&% E@Q@Fﬁan@@s@f@f adriBnssd NpRL® -z ar ea

of the poI yner particles .1s tovered surface-bound proteins. 16. A

process a§2éiadw0nwp1ﬁ$mléﬂ??3&1@%¥3c%@1§p ndy PHLG gl%‘“lﬁﬁélioéll‘ﬁ OH&er ocess
pr oduces Md%gi’ RS EPED1 Weld)sARedURNRAFLABARLET | ess than about

200 nm 1 rocess as clainmed 1n any one of clains 1 to 15 wherein
t he process produces polyner particles n ave e neter |ess
t han aboufor Sﬁﬁrweli%Ofnﬂc’iS’P@é@é@s2&’§rec°P%FFf¥mr@5\h ?&P'él %%&"%ﬁa“ aims 1 to
15 whgkei @u%@r‘?sid?iragg %ﬁb@é@@éﬁ%t ROICY N Biter mrdng%m% W(ﬁ:hf) BSAFYET Qe

di arreter s than about 110 nm_ 19. A process as in_any one

of cl ai s eachrwrlngssipreper with golypleead g%tb{%ﬁ&‘a?}e»“é%aﬁ‘-%&m} g}é POnJ“ga‘fed to
Horse Radish Peroxidase (HRP) (Abcam Inc, MA, USA). After each step, wells were

washed several times with phosphate buffered saline. As substrate, 200 yl of an o-
phenylenediamine solution (OPD, Abbott Diagnostics, IL) was added to each well and
20  after 30 min, the reaction was stopped by adding 0.5 volumes of 3N HS0,. The amount

of substrate conversion was measured at a wavelength of 405 nm using a microtiter plate

reader.,

A specific binding of anti-LacZ antibodies to PHA granules isolated from P. aeruginosa
AphaC1-Z-C2 harboring pBBR1JO5-lacZphaCl was suggested by a two-fold increase in

25 . absorption at a wavelength of 405 when compared fo the wildtype PHA granules (Figure
16).

B-galactosidase activity assays.



about 20 particles per host cell. 20. A process as clainmed in any one
of claims 1 to 18 wherein the process produces at |east about 40

particles per host cell. 21. A process as clained in any one of
clainms 1 to 18 wherein the process prd@duces at |east about 60
particles per host cell. 152 22. A process as clainmed in any one of

claims 1 40 Lza% ?J{?gy{fbl %Qﬁzﬁﬂ 0CH8S R HAdHEESViREhek E@cﬁ reﬁ&@i@ib‘ Ect@@ when

particl es per an average dianeter |ess than about 110
nm 23. ﬁ\s@mﬁemsc gsmiplusfortelN fteyminy obtke PHA syptipsesnd nmaolzbzedfahﬁhﬁher

conpri si "B, i bl su&%e%%g%gﬁ\}n?%ﬁlg%g ‘a&EctécPar{d@ﬁo@éa%%ngerécﬂ% ofOr

bi ndi ng reagen usion partner and binding a
substance{sa,@ﬁOtM@ coupl ing reagent, or c. binding a substance to the
fusi on part ner, or d. chemcally nodifying the polynmer synthase or

the p % ti f?ez? mz%trgz kzpre jﬁl: ndiBs %{@ﬁ @lﬁ&o.&&ﬁ@knm%e@hﬂgé Pg4gapRIen by

contacting ase he protein with a coupling
reagent, Mfm a conbl nation thereof. 24. A process as clainmed in any
one of clainms 1 to 22,, wherein the fusion partner conprises a

bi ndi ng dﬂ,r@gg},t% % eoéél eﬁlﬁéﬁcw ga%mardh@aeﬂv@ ofbéo!b!?ddfm{@@@ﬁlﬂﬁﬁ i ng
(0)

reagent to t mai n, . binding a coug reagent to
t he bi ndi was tomitoired @nlﬁ mm{dﬂfﬁgo%h@‘éi@s?%ﬁﬁ'@ot%“%@én ing reagent,

or ¢. bi “%@&@oﬁraﬁﬂ&&& &) delodlifi ] PirBiicloh Bo pveko 506 R SRTDI nat i on

t her eof . rocess as’ c in any one of clains 1. to

furthéé c oﬂqﬂlatmn o Vaeridh thy Sdtsﬁ ﬁfe a@lﬁeﬂii’ﬁémﬂ polq pepiigdde N@?haﬁ}fs'll"fé%’:%’i one
Subst anceiBLid JAMTRL A3bE AR qlla@frrsg&s Wy Gt ab TGy ReLdRaRs, syaal | S

so that t eas one e or east one substance binds
to or is bofvorgdneg) écKMDﬁ”fB@ u%@d@o‘{’wrﬂéamql/ém@goul@he defiveft ocess as
claimed in any one of clains 1 to 24 further conprising contacting

the pol YM{ me stability.

The stability of LacZ immobilized at PHA granules under various storage conditions was
15 investigated. LacZ activity was monitored over a period of 12 weeks. The PHA granule
suspension was stored at 4°C either with added protease inhibitor cocktail (Roche
Diagnostics, IN, USA) or with protease inhibitor cocktail plus 20% (v/v) glycerol. The
addition of 20% (v/v) glycerol resulted in the best storage stability with 91% of the initial
activity after four weeks. No addition of 20% (v/v) glycerol resulted after four weeksina
20 reduction of LacZ activity to 84 % of the initially determined LacZ activity (Table 1).
Tnterestingly, after 12 weeks, there was still 87% of the initial activity detectable in the
PHA granule suspension containing glycerol, while the LacZ activity of the PHA. granule
suspension without glycerol showed already an activity reduced to 75% of the initial

LacZ activity (Table 1).

25 TABLE 1. Determination of enzyme stability of B-galactosidase at PHA granule surface.

Storage time  B-galactosidase activity B-galactosidase activity (protsase
(weeks) (protease inhibitor) inhibitor/20% (v/v) glycerol)
U]

0 77400 77400



particles with adding at | east one pol ypeptide or at |east one
substance or a conbination thereof that binds to or is adsorbed into
the polyner particles. 153 27. A process as clained in claim25 or
26 wherein the substance is a |lipophilic substance that is
incorporated into or adsorbed into the polyner particles. 28. A
process as clainmed in claim25 or 26 wherein the substance is one or
nore skin care agents selected from sunscreen agents, particul ate
materials, conditioning agents, thickening agents, water-soluble
vitam ns, water-dispersible vitamn oi | -di'spersible vitam ns,

enul si fying elastomers conprising dinethicone copol yol crosspolyners,
non- enul si fying elastonmers conprising dinethicone/vinyl dinethicone
crosspol ynmers, oil-soluble skin care actives conprising oil-soluble-
t erpene al cohols, phytosterols, anti-acne actives, beta- hydroxy
acids, vitam n B3 conpounds, retinoids, anti-oxidants/radical
scavengers, chelators, flavonoids, anti-inflamuatory agents,
anti-cellulite agents, topical anesthetics, antiperspirants, and
fragrarices, or a conbination thereof. 29. A process as clained in
claim25 or 26 wherein tH80®ubst ance is of&0d8r nore cl eani ng agents
sel ected from aj.senzymes doeml udi ng cel | ul ae3®8, per oxi dases,

prot eases, glucaanyl ases,sspayl ases, |i paggmy cutinases, pectlnases
‘reduct ases, oxi gases, phesgdooxi dases, |i pgxpgenases, Iignlnases

pul | ul anases _ tamTases, gqm OSaITases, T’ clIdSES (3=gtucanases; and
ar abi nosi dak@teaseghibitor aof] ?/"F"é‘ﬁéb’[’%‘? t"‘ie@r?d‘a @F{fﬁ%ﬁgmmm

hyl cel | gounie °a b “h d
ety o ngf ROUEL Y B RS e DA SNSLAN SRS,
y

aC|d copo s of nalelc anhydrlde and et hyl ene, copolyners of

nalelc an | ymers of maleic
anhydri de, Ei/ rre t hac %&M%&Xdlac%mpgﬁg@%{)l nation thereof. 30. A

process asﬁdhaﬁﬁ@ﬁcﬁnEﬂﬁﬁﬁ#ﬁ@@“@ﬁ“@ﬁhw#ﬁweﬂnﬁﬁﬁe substance is a
col our g4 OPHA Mﬁél%&ﬁﬁﬁ%ngﬁ?ig@%ﬂdﬁlgd&nﬁﬁgzQbrﬁ%&ﬂﬁﬁom&nﬂE anore net al

clar e 1t oA G AP P o PHEIeT e 1 BB compird” "¢

to particles derived from pBHRG9-ZZ{-)phaC (under conteol of the lac promoter).

Figure 17 shows ZZ domain displaying aged pamcles derived from pBHR69-ZZ{-)phaC
{A), particles freshly derived from pBHR69-ZZ(-)phaC (B) and pET 14b-ZZ(-) phaC (C),

15 incubated with 0 (i}, 1(ii)or 10 (i) pg/ml of a labeled mouse 1gG2b mAb (which binds
well to protein A and is flucrescently labeled (conjugated to) with PE (phycocrytﬁrin)).
At the highest concéniration, one can see that T7 particles bind at Teast 10 x more
TgG/particle. At lower, but not saturating, concentrations (1pg/ml) it still binds more
oG,

20 Exa‘;nple 17-Comparison between ZZ-particles and commercially availab!e BioMag

eads

In this example the IgG binding affinity of ZZ domain displaying particles was comnpared
with commercially available Protein A BioMag beads (Petspective Biosystems).

PHA particles (A) (ca. 150 nm diameter) derived from pBHR69-2Z(-)pkaC of Example 2
25  displaying the IgG binding domain ZZ frora protein A were shown to display at least the
' same binding affiaity as the BioMag beads (B). {Figure {8).



froma protein, a protein fragnent, a binding domain, a
target-binding domain, a binding protein, a binding protein
fragnment, an anti body, an antibody fragnment, an anti body heavy
chain, an antibody light chain, a singl e chain antibody, a

si ngl e-domai n anti body, a Fab "ragnent, an Fc anti body fragnent, an

Fv anti bo fra a Fab’
ant i body ﬂ¥ ri;é‘ﬁécﬁ%sg'%ezﬁgﬁgw p‘?g%ﬁf;?éant fn%ody fragrrent an

ant i body bi ndl ng donai n, an antig antigeni c determ nant, an
epi t ope, hlthzapmmgleﬁuneffﬁcrmﬁm’gfémzeawawrfﬁa n fragrrent biotin, a
biotin derivative, an avidin, a streptavidin, substrate, an

enzyne, apﬂg%gms dgplgﬁng aﬁt@; bir@ing Q6 RRIMPZ fréin p@e@pmf Eicmigm nt, a
recept or uni t a rec egt or subunit f rag ment

| nhi b| t or dera/eqhﬁpmmﬁéf 14 ZF etphisky, weae CWW@P?‘HFIH% e“éfe‘g%?fﬁlppﬁgéa'orral n,

bing Cg) gemain, a FLAG epitope, a cysteine residue, a I|brary
pept| de a porter pepti de and an affini ty purification peptide, or
conbi nati on t her eof prace

imed i .an onhe of ¢l ains
L 1630 wRHAGHIcR e a4 Fr Riah e o iy b & ggees ey iAot g0
anti geni Cnﬂ%?&z@ﬂe@% toMAveER 460REL0-101d iRdRedsETAGBLI Iy whgn Oﬁﬂlpalﬁﬂ' body
or an anti body fragnent, or %‘R n _anti bod b| ndi ngqsgii %ﬁ g
process at agedpariieles derinpdiryn @BHROGZE prbag ( Y Ve EP}B'n
par t ner Cgﬁ&kb? ac@ M@i?%’wﬁibﬁ‘ﬂaldrbﬂ aaaRd ﬂ%rtm&"d:ar&et&@fﬁw 1500,
conprisin ur a ty of polymer particles having an average

di anetiér &Flgurﬁé%)s t han about 200 nm the polyner particles conprising
A) at |east one polymer synthase, or B) at |east one fusion

pol ypept i i’,ﬁiaﬁg Di_§izB e.sﬁlmomebo@mai pasRleadekiaid ftaas ktrongpfousitan
partner, and optionally, 1) at | east one.additional particle

formng p el t one.addition y i de
conprisin %&xgnﬁs rclgprf\é#ﬁcta?th ?reé[strgng;}{ Cfn&agtmge sﬁ%& \Iralé ?ﬁx}gﬁﬂfﬁg{%h @91@
pol ypept i §@rd digim RN dbmtttes af 13a0Y/EL il chlerdi cmn imggadovess ’nakﬁmrbya
particle trrglgsgls?s on elie%grgrll rrr]uctrct!s%gpyca?nr?absoﬁl%e magnification of 16,000 to 75,230 times,

15  allowing resolution down to about 40 nm. Representative images of particle size were

selected and polymer particles within 33 cells were measured with a ruler.

The size distribution of polymer particles displaying the IgG binding domain ZZ from
protein A of Example 2 derived from pET14b-ZZ(-) phaC is shown in Figure 20.

90% of the particles produced had a diameter of about 200 nm or below, 30 % had a
20  diameter about 150 nm or below, 60 % had a diameter about 100 nm or below, 45 % had
a diameter about 80 nm or below, 40 % had a diameter about 60 nm or below, 25 % had a

diameter about 50 nm or below, and 5 % had a diameter about 35 nm or below,
Example 20 — Quantifying Particle fusion polypeptide coverage

The level of fusion polypeptide coverage can be estimated by separating the particle
25  atlached proteins using SDS-PAGE, the fraction of fusion polypeptides estimated based

on the intensity of the fusion protein band as outlined in Exaniple 6.



a polynmer particle binding domain, and (b) at |east one fusion
partner, or 155 (3) at |east one of (1) and at |east one of (2). 35.
A conposition conprising a plurality of polyner particles having an
average dianeter of |ess than about 1450 nm the pol yner particles
conprising A) at |east one polymer synthase, or B) at |east one

fusi on polixpestirdcoPPricsiTone pol yner synthase and at | east one
fusion partner, and C) optionally, (1) at |east one additional

particle form gro ein, or (% at | east one additional fusion
pol ypept i eE’Sﬂ%ﬁ - OPHL By ticles 58 PEOtHBY OfiRs prpsept ipygnEomhayamAkity

domai n, a ipakytReRs SetelnAéAeRID biosRAyR imPObi by, RAA iug a8y di Ng
domain or a particle formng protein that conprises a polyner

particle binding domajn, and t | east one fusion partner, or (3)
at | east ?%%85" gf”is)sr@l?al eﬂr@%};ﬁ mzaslﬁ@faag %*(ﬂ@%? abgye dpscapiipnis proyvided by
conpr i §i ngvag oplitusiedtioh yni9 knPObHEvEAHE Gl Emhavinbgi,an aver age

di aneter of I|ess than about 110 nm the polynmer particles conprising
A) at | east one polynmer synthase, or B) at |east one fusion

pol ypepti de conprising a polyner synthase and at | east one fusion
partner, and C) optionally, (1) at |east one additional particle
formng protein, or (2) at |east one additional fusion polypeptide
conprising 156 (a) a polynmer a polyner particle binding domain,.a
pol ypepti de that conprises a polyner particle binding domain or a
particle form ng protein that conprises a polyner particle binding
domai n, and

L e R R



(b) at |east one fusion partner, or (3} at |least one of (1) and at

| east one of (2). 37. A conposition as clainmed in any one of clains
34 to 36 wherein at |east about 1 %of the surface area of the

pol ymer particles is covered by surfate-bound proteins. 38. A
conposition as clainmed in any one of clainms 34 to 36 wherein at | east
about WIHAT GVEtCIEATM™MURf ace area of the polynmer particles is covered by
surface-bound proteins. 39. A conposition as clained in any one of

cl ai nk, 34 A@i@bssvibepedwisg pdipastpacistngf the dceds colerisisgir f ace area of
the polyner particles is covered by surface-bound proteins. 40. A

Com O R Pt el ofl ALt OB S s

i ncor por at@dmbtk,ahd Eiprespioh yomtru@adinbribieg: or a conbi nation thereof.
41. A conposition as claimed claim40 wherein the substance is a

| 'i pophilic,,substance. 42.., A cqnposition as clainmed in _claim40

wher ei n th(é?sut?tst?eé‘ﬁtcoéle?lECISIH501§EP%?%e &R n%%?@yglﬁlé%gmsesgf ected from
sunscreen agents, particulate materials, conditioning agents,

t hi ckeni ng2) agenicst oratnetleisatidhbgenid arbdisg a fsicarpotiipspiitteghds cemprises a

vitam ns, oil-dispersible vi N nul si fying el astomers

conpri sing di nﬁ%%ﬁ@n ﬁﬁ@?@/gﬁ%@f%es‘%ﬁlf’?lﬁ@%r’ non- enul si fyi ng

el astonmers conpri sing di nmethi cone/ vinyl di methicone erosspol yners,

oi | - sB) ubl enlsvating dert@st call uhie Somdiiqrsisaltatde for kx@edsiohlof tHeexpression construct

al cohol s, yiosterols, anti-ac tives, beta- hydroxy acids,
vitanin BB‘%%(}I HH@?H#@PMH@H%%X%QP%}?{W%%@&& scavengers,
chelators, flavonoids, anti-inflammtory agents, anti-cellulite
agent 8) t obaalingmhe pblyaict pRiicleafidm gy Giivassdisst cligtofpradicancanposiiiona
conbi nation thereof, 43. A éorrposi tion as claimed in claim40 wherein

the subst affEPISERRLYNFE PAREES | eani ng agents selected from a)

enzynes including ccllulascs, peroxidases, protcases, glucoanyl ases,
anyl ages, A%focels fgnprods@sg paluhbntastiivisete ptadBasaprisipgnt osanases,
mal anases, (3-glucanases, and arabinosi dases, or b)
anti-&;deposilion agenﬁs i_ncl.udi net

tecll

hyl cel.l ul .
car bo@y et YT EEA IGOLE ot B pHEH) PReT PRl conifss prpbly figked to 2 stong
pol ynmers, mopotey,Thé Sxpdéssivhlcersauertbygrisidg and

(1)  atleast one nucleic acid sequence encoding a polymer synthase; or

(2)  atleast one nucleic acid sequence encoding a fusion polypeptide that comprises a

polymer synthase and at least one fusion partner; and

(3)  atleast one nucleic acid sequence encoding a particle forming protein or at least one
nucleic acid sequence encoding an additional fusion polypeptide or a combination

thereof, wherein the additional fusion polypeptide comprises

(a) a polymer particle binding domain, a polypeptide that comprises a polymer
particle binding domain or a particle forming protein that comprises a

polymer particle binding domain, and at least one fusion partner, or

(b)  atleast one polypeptide and a binding domain that binds the fusion partner of
the fusion polypeptide or the additional fusion polypeptide;



acrylic acid, copolymers of maleic anhydride and ethyl ene, copol yners
of maleic anhydride and nethylvinyl ether, copolyners of nmaleic
anhydri de, and nethacrylic acid, or c) a conbination thereof. 44. A
conposition as clainmed in claim40 whe¥ein the substance is a
coloured or fluorescent nolecule, a radioisotope, one or nore netal
ions, B a @Bmi%ﬂlﬁ hnsttCHémB?@f condlftionfsuiabladss é)dpﬁt@s@@oﬁh@b}fﬁ&sioﬁ cBfk¥ruct

one of cl ai ein the fusjon partner sel ected froma
protein, a %rﬁo ern ﬁgﬁymeapastf éiledffﬂlrﬁ?’?f sygl P%?r@‘@t bi ndi ng
dormain, a binding pr ot ein, a bi nd| ng protein fragnment, an anti body,
an ant Gbodweparagxgem polame@mttlcﬂmcﬁpm fhe alyivab@tdlls t@proditel abja,g%oglhg@t
chain, a si nl%l eischal n anta&ﬁq % a single-domain anti body, a

ant i body fragi‘nlénlflg %%ﬁmﬁrcp tfhody fragment, an Fv anti body fragnent,
a F(ab')2 antibody fragnent, a Fab' antibody fragnment, a

si ngl é.chaifpBvest ﬁ:ﬁ'lfm)dlﬁmglpb@ﬂiér b&r6lEI8® e proctRs @dldrRAEY bi ndi ng
domsu n, an anti gen an antigeni c determ nant, an epitope, a hapten,

no en1 n biotin, a biotin derivative, an
2l i ) 2 il AP A f B Bkt ong ehucepion sonehmictap vy, iked fo & stong

co-factor, pmm(&ﬁeﬁbﬁkpreﬁldrﬁfbﬁﬂhi@fccfn{ﬁﬁﬁ%m a receptor subunit, a
recept or subunit fragnent, a Iigand an inhibitor, a hornone, a

| ectin, on| di ne I|n aDNAblndlngdonaln a
FLAG epi toé@ clyassk et 1‘3r'l 8‘1" eF‘?"g%&S)?PBb’EﬁTé@ thages8por t er
pepti de, and an affinity puri f| cation peptide, or a conbination

thereof. 462 A eidepoaidiwlicemiddegidivdeicddiapy f@i¢h flysebRid BadbnipPisédh

wherein the fu5| art ner i ) .an antigen, an antigenic
det er m nant, fgﬁng a%eranéﬁt Fﬁﬁﬁﬁ%@éﬁnpﬁ’tﬂ%)aﬂén anti body or

anti body fragrrent or c) an anti body binding domain. 158 47. A

conposi ti ofB)as aflleistunt nuﬁleamﬂqu'.ldﬂf:e éi:lc@dhﬂ’g aﬁéddﬁoxféﬂﬁiéﬁﬁ'};%lyﬁeﬁtﬁ% that

fusi on partner Hgé)rl ses .an anﬂ&ifi bi ndi ng donai n.

conposi tion as & TEYE PP HERP 185 Qﬁ’fﬁﬁmsmpql@e@?d@/ﬂh@fr@mpﬂswa a

coupl i ng reagenpolirfiet}autitte bidih P Bombia oP B pRAETH6in %’gro%n@lapﬁnﬂﬁnlﬂ
bstance at

reagent is bound to the fusion partner and a su
the coupling Polymer particle bmding domain, and at least one fusion partner; and

4 at least one nucleic acid sequence encoding a further fusion polypeptide that
comprises a polypeptide and a binding domain that binds the fusion partner of the
fusion polypeptide or the additional fusion polypeptide;

B) cultivating the host cell under conditions suitable for expression of the expression construct

and for formation of polymer particles by the polymer synthase; and

O separating the polymer particles from the cultivated cells to produce a composition

comprising polymer particles.

4. A process as claimed in claim 1 wherein the host cell further comprises an additional
expression construct comprising at least one nucleic acid sequence encoding an additional

fusion polypeptide, the fusion polypeptide comprising

a. a polymer particle binding domain, a polypeptide that comprises a polymer particle
binding domain or a particle forming protein that comprises a polymer particle
binding domain, and



reagent, or c. a substance is bound to the fusion partner, or d. the
pol ymer synthase or the particle formng protein has been chemcally
nodified with a coupling reagent to format | east one binding
domain, or e. a combination thereof. W A conposition as clained in
any one of clainms 34 to 47 wherein the fusion partner conprises a

bi ndi ng dormai n anitad onéfisionphitieg. r eagent is bound to the binding
domain, or b. a coupling reagent is bound to the binding domain and a

substance is_bound to. the coupli . reagent r,c. a substance i
bound ot HoPEEH an g san R o vAieis GR A5 ot it ok bty i ol
conposi t i orexplesfied YMBFucp adrhpriipSt &Histine i@ eic hfid 3)hchitenbdifd AparEcld4
to 49 produced accqording to a process of any one of clains 1 to 33.
51. A poly 8PI9ehe conprising: A at |east one pol ypeptide
conprising a polynmer synthase; or B) at |east one fusion pol ypeptide
conpri&i Ng ApfeéyARElaieatinaain 2Rghertin the 88 cONRuthbiSdodbrisntad8ftionand

C) optionally, 159 (1) at |east one pol ypeptide conprising a .
particle fErRCHICH BEtEIchcompprisiney least qng gusleip peid sertensermepdipg s fugiher fusion
pol ypeptid oS4 ] j - Ri.nding:

Gomar & o PR yB s poR pde TR K Bt oh s sk i e
domai n or abﬂfsér’fhﬁi igbien pastnet olfhe fisiomi pelsiphptideconpri ses  a pol ymer
particle binding domain, and (b) at |east one fusion partner, or (3)
a conbj nati " ' : 0 he surface area
of tﬂzipolfg Fkgﬁﬁﬁﬂ%?%wﬁﬁ&ﬁggg?éﬁhg@ggﬁﬁggg%?%ﬁﬁ&gﬁﬁé. A pol yner

particle conprising: . )
providing a cell comprising at least one expression construct operably linked to a strong

promoter, the expression construct comprising:

(1) at least one nucleic acid sequence encoding a polymer synthase, the polymer
. synthase comprising a polymer particle binding domain; or

(2) at least one nucleic acid sequence encoding a fusion polypeptide, the fusion
polypeptide comprising a polymer synthase and at least one fusion partner, the

polymer synthase comprising a polymer particle binding domain; and

(3)  optionally, at least one nucleic acid sequence encoding an additional fision
polypeptide that comprises a polymer particle binding domain, a polypeptide that
comprises a polymer particie binding domain or a particle forming protein that

comprises a polymer particle binding domain, and at least one fusion partner;

B) cultivating the cell under conditions suitable for expression of the expression construct and
for formation of polymer particles by the polymer synthase, wherein the polymer synthase
remains assocjated with the particle it forms and wherein any fusion polypeptide present

binds a polymer particle; and

C) séparating the polymer particles from the cultivated cells to produce a composition

comprising polymer particles.

8. A process as claimed in any one of claims 1 to 7 wherein the strong promoter a viral

wwnmantes or a phage promoter.



A) at | east one polypeptide conprising a polymer synthase; or B) at
| east one fusion polypeptide conprising a polynmer synthase and at

| east one fusion partner; and C) opti onaIIy (1) at least one

pol ypeptide conprising a particle forifil ng protein, or (2) at |east
one additional fusion polypeptide conprising (a) a polyner a polyner

particd.e bisgdiddgssdobRinikd i appbnepgRlaife] tdawheehithé fefokr isHOphaaE promoter.
particle binding domain or a particle formng protein that conprises

par Cnol 0P Pressesas oG IR | PR B POBREE 1L BL2880 o

the surfaceraehemer.of the pol yner part| cI e is covered by pol ypeptide.
53. A polyner particle conprisi ng A) at |east one polypepti de

conpri si ng ol t hase; 60 _B) at | east one fusio

pol ypeﬁr dl EoRpES F'ﬂﬁge;é Jﬁawg/wzérofg b o0 Caersi thedapst oo ramPrEss i o
partner; ariﬂor_@)iﬁ”fh?éﬂt Qﬂ;%és}bn codotrudh 1k ash eﬁ&ﬁleﬁ%ﬂ&;@xﬁtﬂlﬁ'&n ﬁ&@%{)ﬁ&é. ng a
particle form ng protein, or (2) at |east one additional fusion

pol ypepti de corrpr|5| ng (a,) a poly o] particle binding

donai nIIO HoPiPseseEs gleingidn a%wﬁrqu@gﬂ%l P%f %ﬁw (36 jastged oemﬁaﬁfﬁéme or
domai n or apfpauifedR e)‘cﬁéiﬂoﬂ%o%%@'ﬂ{ht Emfem‘:‘d?ﬁl&rdlﬁ&ént fRsiRPholPRptide.
particle binding domain, d (b) | east one fusion parther, or (3)

a conbj nation thereof; vvherel n at Ieast about 50% of the surface area

of thelpol yirErocesaes Flained; 8 apponsrat glagys it 1 wherpinat leass aboug Ity yurface
particle asar&cd@&ﬁ@;mrﬂ HMicRRE Qfveleh Bl TR R bofnditoldlRr €i n the pol yner

particle further conpri'ses at |east one substance bound to or

i ncorporat ed into the polyner particle or a conbi nation thereof.
A process as claimed in any one of claims 1 to 12 wherein at least about 10% of the surface

area of the polymer particles is covered by surface-bound proteins.

15. A process as claimed in any one of claims 1 to 12 wherein at least about 50% of the surface

area of the polymer particles is covered by surface-bound proteins.

16. A process as claimed in any one of claims 1 to 15 wherein the process produces polymer

particles with an average diameter less than about 200 nm.

17. A process as claimed in any one of claims 1 to 15 wherein the process produces polymer

particles with an average diameter less than about 150 nm.

18. A process as claimed in any one of claims 1 to 15 wherein the process produces polymer

particles with an average diameter less than about 110 nm,

19. A process as claimed in any one of claims 1 to 18 wherein the process produces at least

about 20 particles per host cell.

20. A process as claimed in any one of claims 1 to 18 wherein the process produces at least

about 40 particles per host cell.

21, A process as claimed in any one of claims 1 to 18 wherein the process produces at least

about 60 particles per host cell.



55. A polyner particle as clainmed in claim54 wherein the substance
is a protein or protein fragnent, a peptide, a polypeptide; an
anti body or anti body fragnment, an antibody binding domain, an
antigen, "an antigenic determ nant, ari52pitope, an inmunogen or
fragment thereof, a netal ion, a netal ion-coated nolecule, biotin,

avi di st Qﬁﬁ'%@éébgé &aﬂfed@%ﬂ}%ﬁ’&%b!’@l&mé @8 Glherd tHeHRbdekd bducss at least
co-factor, substrate, an enzyme, a co-factor, a receptor, receptor

subunit or abqlé@ﬁ@ﬂﬂlcbh perdost, cell Withgasaeragmdipmpfebicgsghan ghout 110 nm.

nonosacchari de, an oligosaccharide, a polysaccharide, a

gl ycoppot e'ﬁx%ro@esg héjélgunea 1 &y on@lof El'éﬁigé'%tZZt Aethedfomppishg! | extract, a

Vi rus, none, serumprotein, a mlk protein, a nacronnlecule

a drug of abuse, or a conmbi nation thereof. 56. A polyner particle as

cl ai mead i nbediiern Saplinaeagent orike Bislos PAWRSS s one or nore skin care

agents sel ected from sunscreen agents, particulate nmaterials,

condi tj oni fﬁﬁldﬁﬂé]-%i@o% hﬁgvegééﬁmofiﬂe FRGR Phner WA BIhdiHR hWlibRanék tAdlE Bsupling

wat er - di spersi bl e Ftanlns | -di spérsible vitam ns, enulsifying

elastonersﬂwaﬁﬁrm5|ng dlnethlcone copol yol. crosspolyners,

non- enulsifying " rs conprising dinethicone/vinyl dinethicone

crosspol ynggs;, S AR B SKd; g, 41 actives conprising

oil-s ?uble tg%%%%% §+ ﬁﬁ? 1 tosterols anti-acne actives, beta-
acids, vitam n B3 co unds ret|n0|ds antl-OX|dants/rad|caI

hyd
sga\r/g)r%ers chespienlist wpeifying the pelyaicrsynthese prthe patisladerarise pgiit o form at least
anti-cell ulght ﬁmaglgratﬁga Woﬁﬁktﬁggrkﬁé?&%%@mhaéé’&ﬂﬂ@ﬁl%&ﬁﬂ @nﬁacmg

fragrances, Inatiion t pol ymer~ particle as
cl ai med i nreAgaitin 54 wherein the substance is one or nore cleaning
agents selected froma) enzynes including cellul ases, peroxidases,

prot eages, QLU&@ﬁﬂMﬁﬁfﬁ o2yl ases, lipases, cutinases, pectinases,
r educt ases, ases enoIOX|dases | i poxygenases, |igninases,

puIIuIanases tannases, pentosanases, mal anases, i3 gl ucanases, and

ar abi idsi ddsprecess ps ppimedtin agyeens v slaimphtoaie iiereinyibe fiignpartner comprises a
thyl cel | hyd t hyl cel | ul
nmet hyl ce keﬁai% ad %ﬂupqﬁ%yclg}g%e?ymy %#r&;n%ngl ydroxyet hyl cel | ul ose,

pol yacryl at ymer s yners o c anhydride and acrylic
acid, copolyners of naleic anhydride and ethyl ene, copol yners of
mal ei ca. anﬁ?ﬁ@hﬁ%mﬁmhnmﬁ@ﬁv¢Vh g bindingdemaimepiol yner s of mal ei ¢
anhydri de, and nethacrylic

b. binding a coupling reagent to the binding domain and binding a substance to the coupling

reagent, or
C. binding a substance to the binding domain,
d. or a combination thereof.

25. A process as claimed in any one of claims 1 to 24 further comprising adding at least one
polypeptide or at least one substance or a combination thereof while cultivating the host
cells so that the at least one polypeptide or at least one substance binds to or is incorporated

into the polymer particles.

26. A process as claimed in any one of claims 1 to 24 further comprising contacting the pelymer
particles with adding at least one polypeptide or at least one substance or a combination

thereof that binds to or is adsorbed into the polymer particles.



acid, or c) a conbination thereof. 58. A polyner particle as clained
in claimb54 wherein the substance is a coloured or fluorescent

nol ecul e, a radi oi sotope, one or nore netal ions, or a conbination
thereof. 59. A polyner particle as cllaPned in any one of clainms 51 to
58 wherein the fusion partner is selected froma protein, a protein
fragmeédt, & Boerss recleiowdimelaim 2pomstwirein tregubkianss i, a lipophilin dibstance that is

protein, a Imogg#eﬂ(giog{oogr%dgor{) ﬁﬁtﬁepolﬁggarﬂna%%g()dy ~an anti body

fragnent an heavy ¢ CTy | ight chain, a single
chain anti body, a si ngl e-domai n anti body, a Fab anti body fragrrent

an Fc28nt i @oﬁycm agplemeq irmelaify2 2ot d6oduyeif timgrestdnce & dneabinpz: skaﬂtarebody

fragnent, tlbod fragnent., a_ single-ch cFv J
fragnent, n%%r? e%%d 5“ 5 G HPATHC ﬁ% ?t?r %co%gr\{un‘?(;ﬂ’!‘l %WFLLL‘C

det er m nantigenas) v@ter-tsnﬂﬁble Vﬁalhiﬁ@t‘ﬁ%ﬁel -ApersiIRURAEIRE) oil HispeFTBIYASS s,
fragnment, b'ogﬂ bi oti n der,iyvatjve, an avidin, a streptavidin, a
subst r at e, “BHSU}DE glastomers ampRsing dimethicopeicgpolyd] ciossnahymaes, ngncanisiyge

fragnment, alasteseRcOmpriSiHe Hﬁhétlﬂccﬁiefv%@? Qﬁ'&rthlédiﬁléfﬂsgpdciﬁﬁ&m'?so}ﬁlé RO,

an inhibitor, a hor none, a | ectin, | yhi stidi'ne, a coupling
dormmin, a BRINCHPIRRTFPERIalyble farneem@c@mla, phuosterolsyantietone act5gs, beta-

resi due hbd:BE Bl P flnit
purificati oirq peﬁclydé"pﬁ %30 Wﬁ%&%@ﬁ%h@} gﬁ?da%%%a&&algéqvm%ery chelators,
particle aﬂammimﬁrmﬂmafonea@ﬂtsanameﬁulﬁ& agemtssa)pmabmesthettch,e f usi on

partner |s ntl ter nant, an epitope, or

an |nnunogen an an nent or c) an

ant i body bi ndi ng domai n. 61 A poI yrrer parti cI e as claimed in any one
of cl dPs BIreessss olimedimclaiine? f argisovhepran thesnbstamoeisrons esmare cdahinpagynts
bi ndi ng doggi ge o) A polyner particle as clainmed in any one of

clains 51 to 1d erein a. a coupling reagent is bound to the fusion
partner, or b. a coupling reagent is bound to the fusion partner and
a substanc® i s &apmes inoluting celbuigpies, pgroxidesggmbteases, glucoamgldies] A ssel,s

bound to the f uﬁﬂ 9&, Qlﬁmtaseﬁ,rpect?nases, reductases, oxidases, phenoloxidases, lipoxygenases,

ligninases, pullulanases, tannases, pentosanases, malanases, B-glucanases, and

arabinosidases, or

b) anti-redeposition agents including methylcellulose, carboxymethylcellulose,
hydroxyethylcellulose, polyacrylate polymers, copolymers of maleic anhydride and
acrylic acid, copolymers of maleic anhydride and ethylene, copolymers of maleic
anhydride and methylvinyl ether, copolymers of maleic anhydride, and methacrylic

acid, or
c) a combination thereof.

30. A process as claimed in claim 25 or 26 wherein the substance is a coloured or fluorescent

molecule, a radioisotope, one or more metal ions or a combination thereof.

31.  Aprocess as claimed in any one of claims 1 to 30 wherein the fusion partner is selected
from a protein, a protein fragment, a binding domain, a target-binding domain, a binding
protein, a binding protein fragment, an antibody, an antibody fragment, an antibody heavy
chain, an antibody light chain, a single chain antibody, a single-domain antibody, a Fab

i

‘ragment, an Fc antibody fragment, an Fv antibody fragment, a F(ab’)2 antibody



d. the polymer synthase or the particle form ng protein has been
chemcally nodified wwth a coupling reagent to format |east one

bi ndi ng domain, or e. a conbination thereof. 63. A polyner particle
as clainmed in any one of clains 51 t®561 wherein the fusion partner
conprises a binding domain and a. a coupling reagent is bound to the
bi ndi ng dofRihent O Fdb’ aﬂb@@%ﬂhgtﬂﬂlt r:ORERN RS 4 QP ahﬁbdd?@rdghmdﬂ By
domai n and a substance is bound to the coupling ‘reagent, or c. a
subst ance fibedy hinding dpmainpinratigen. @ galigenic dgterginag), @b?Pé‘iOH"aﬁhﬁﬂten an

t her eof . qg!%ﬂg 1aHANE a
51 to 63 pgéaucéﬁ accor H%n?%é%kﬁ¢gggg;ﬂh&?ﬁ%ﬁy&%ﬁ€Q¥m%@ﬁéﬁﬁgﬁ1@iO
33. 65. A amspﬂ:slztmeuﬂym&mpabzs(m@ga pmfaptm,ra 1eeapidrcd woepiordiaginentd a kasepiay
one of clai pr ced ac one of
claims 1 t%qggé Caé%ﬁﬂ"ﬁﬁ‘g@ﬁﬁﬁ r% mgmk%ﬁ%%?%&%g%%dﬁ%g§?¥lon of
pol ymer papélybikedinga cﬁh;ﬂingﬂdmaﬂii ﬁDNADhlﬁdmgfdomhm; mELB@ e@ﬁoﬁ@aoysteme
conprising one or.nore ynmer artlc es as

clainms 51 %92 é’?ﬂyﬂeﬁi ofiGEeh %pﬁ?tfc{e a&hﬁ]@' e?? n

pol yner pagdihshefdiesdfai med in any one of cl ai nms 34 to 50 or
conprising one or nore polyner particles as claimed in any one of
claims 51 to 64. 68.. A diagnost] c Kit a clal €¢ claim 67 wherein
the péPymeA pasess & daimad & amnoBe Pl fiaigy 1R 30 VST fhe SHOT RGP CORG i
ELI SA plate, microarray slide or a chromatography nmatrix, or a

conbi nat i og) t hepeaftiscH%n afigiichRetnatnatie keesiops cansimptidyea) dry
i solating at Ieast one target conponent in a sanple, the nethod

conpri si ng (a) ng at one, pol yner particle conprising at
| east one Plsio ¥Vg%%&¢%ﬂ¥$Qé§ﬁﬁ 5 non-coval ently bound to
t he polyner particle, the fusion polypeptlde conpri sing

c) an antibody binding domain.

33. A process as claimed in any one of claims 1 to 30 wherein the fusion partner comprises an

antibody binding domain.

34. A composition comprising a plurality of polymer particles having an average diameter of

less than about 200 nm, the polymer particles comprising
A) at least one polymer synthase, or

B) at least one fusion polypeptide comprising a polymer synthase and at least one fusion

partner, and

C) optionally,
(1 at least one additional particle forming protein, or
(2)  atleast one additional fusion polypeptide comprising

(@)  apolymer a polymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that comprises

a polymer particle binding domain, and

(h)  atleast one fusion partner, or



(i) a polynmer particle binding domain, a polypeptide that conprises a
pol ymer particle binding domain or a particle formng protein that
conprises a polyner particle binding domain, and (ii) at |east one
domain that will bind a target conpoag&ht, (b) contacting the polyner
particle with a sanple conprising a target conmponent such that the
bi ndi ng dogmi n Aildadsorthe (Nangefleonomuiert to forma conplex, (c)
detecting the conplex, and (d) optionally separating the conplex from
the s le, 164 .70. A nethod,as.clained in cl.aim69 wherein,. i

det ectPng PHETBEHETLSCTRBIE AR o Bty AP RS et Shatres et ohy
a | abel | ediegphacatont 1418dmWhe polphaichaiildshempaiipex, to the at |east
one fusion polypeptide or to the polyner particle, and detecting the
Iabelpsd nol.ecul e. £%§:A thod as clainmed in claim70 wherein the

| abel Fed ni'estpns RO Ber SYHEIE anti body. 72. A nmethod as claimed in
any one of clainms 69 to 71 wherein the polyner particle conprises a)
a 1 ab@) bowlehst GneTusibipslypa@tidt ednprirving o fyrp@lsyn@isepad bi ledseoncofusion at

| east one additional fusion polypeptide conprising (i) a polyner a
pol ymer paP#PE:é"Hi ndi ng domai n, a pol ypeptide that conprises a

pol ymer particle binding domain or a particle formng protein that
conpricges ogidagliymer particle binding domain, and (ii) a binding
dormain that will bind a |abelled nolecule, or c) at |east one

addi tional ,fusion pol ypeptide conprjsi.ng a reporter protein. 73. A
met hod as ai nﬁgea?hc’%ﬁg&@ﬂ QFIt’g?a;PWEnggmf%n’?k wherein the pol yrer
particle conprises two or nore different fusion polypeptides. 74. A
met hod as @@)ai n@deastoreladilitiofd) fivdhar Rilypepiid: qalpyiside particle conprises
two or nore different fusion polypeptides on the polyner particle

surface. 75. A jpethod_as clainmed in clal.m.69,.wherein.the. [ .
particle conprises te}‘f?@@n 2 - PSFPFZ’H% e ?(ﬁ%?%na Pﬁ%%*é‘%ﬁi‘yg’gm pses @
the pol ymer parti cl epcdpthdraasticleMindiAy Barhdin or apartitlaifomdng proeiyhaeconfprises
clainms 69 to 75 wherein the polyner, parti,cle further conprises at
| east one conpound &ﬁﬁ%?ﬁﬁf thméwggWﬁ?ﬁdmﬁnto t he pol yner
particle, or a
(b) at least one fusion partner, or
(3)' at least one of (1) and at least one of (2).

36. A composition comprising a plurality of polymer particles having an average diameter of

less than about 110 nm, the polymer particles comprising
A) at least one polymer synthase, or ~

B) at least one fusion polypeptide comprising a polymer synthase and at least one fusion
partner, and

8} optionally,
(1)  at least one additional particle forming protein, or

(2)  atleast one additional fusion polypeptide comprising



conbi nation thereof. 77. A nethod as clained in claim76 wherein the
conpound is a coloured fluorescent nolecule, a radioisotope, or one
or nore netal ions, or a conbination thereof. 78. A nethod as cl ai ned
in any one of clains 69 to 77 where i{1 t he binding domain is a) an
antigen, an antigenic determ nant, an ¥nitone or an i mmunoen_ or 165
b) an antibody or antibody fragnent, or «c¢) an anti body bi nding
domain. 79. A nethod as clainmed in any one of clains 69 to 77 wherein
the binding domain is Protein A or a ZZ donmain. 80. A nethod as
clainmed in any (@he cfpolymat almd: paticlebindisy dotaaint dyeoljrepitie tthat covpeineat | S
selected froma protein . brotei n fr.agment eptide. .

pol ypepti de, a pol yﬁ’g ¢ E‘é} “ﬁgﬁ@?m%{ﬁg’ aﬁﬁ“ﬁ%ﬁ&lggﬂ{mﬁlﬁtﬁ%'ﬁoﬂymes
fragment, an anti bodypolyimedartglechbmiitigripmain, aadit i gen, an anti gen
fragment, an antigenic determ nant, an epitope, a hapten, an

i munogen, an i fyUNQERR: o tAGINEAKner 3 MBt @l 10N, a netal .ion-coated
nol ecul e, biotin, a biotin derivative, avidin, streptavidin, an

i nhi bi tor, co-factor, sybstrat e, enzyme, an abzyne, a
receptor, . & reﬁféﬁftoc’r"e?ff@b‘f‘?gﬁflf °"F8¥:@gt or subunit, a receptor .
subunit fragment, a ligand, a receptor ligand, a receptor agonist, a
recept 87. ant coggsiien asalagnegnminyiongofirhinecdte;6 whesdimmaddaky ahgutpdaifdien, a

signal i ng protei.n tag@g% ' . @g{ Qr rowt:h factor -
fragment, a t%ﬁ*’g@ﬁ‘% n gagﬁ%%lé)é@%ﬂﬁ nscrchﬁi"%r?%gi’or fragnment,
an inhibitor, a cytoldne, a chenokjine, an inflammt or:y medi at or,

monos aé®hard eREPositonsiclaisaed (i ary oneef clalns 4|19 20 wherrin atdeast ahoy | L)GSpet e?n ,

a lipid, asueekheaofaepdiyrtsd pirBae iPioéred B sufac Bbhmisrdtéiace |1 pid, a
cell -surface carbohydrate, a cell-surface glycoprotein, a cell

extracky a ¥lididsitiéh éé'cfa}ﬁ?ed(?rf’ ok &gﬁtrﬁb 34?:1 AR at 1&3&%{3&%%@%%@' n, a
mlk protein, "a macronoleculé, a drug of abuse, a coupling reagent,
a pol yhi st istifave areg of thtpplyweee pasticlesas qoyeredbhy sydacenyornd prefeips. ol ogi cal |y
active agent, a label, a coupling reagent, a library peptide, an
expr esgp.on L euokiti6i as cRinbdGh SiyGna6sichhingy 3430 SOWdish Ompdibe Aither81. A

t hod | ai med i ANy |, ai 69 to,.77 inthet t
Component {HEERGEGY T FOHREA PR BLRTIOBTP oy L PRI FH T
(1L-4), | ntembiaationtkebeof.l L-5), Interleukin- 10 (IL- 10),
Interleulin-7 (IL-7), Interleulin-1(3 (IL-10), Interleukin-6 (IL-6),

I nterl guki ng d2&hAQidd dsclaimed claim 40 wherein the substance is a lipophilic substance. .

42.  Acomposition as claimed in claim 40 wherein the substance is one ot more skin care agents
selected from sunscreen agents, particulate materials, conditioning agents, thickeaing
agents, waeer;soluble vitamihs, water-dispersible vitamins, oil-dispersible vitamins,
emulsif;ving elastomers comprising dimethicone copolyol erosspolymers, ﬁon—emulsiij'ing
eléstomcts comprising dimethicone/vinyl &imctﬁicoﬁe crosspolymers, oil-soluble skin care
actives comprising oil-soluble terpene alcohols, bhytosterols, anti-acne actives, beta-
hydroxy acids, vitamin B; compbunds, retinoids, anti-oxidants/radical scavengers, chelators,
flavonoids, anti-inflarnmatory agents, anti-cellulite agents, topical aﬁesthetics,

antiperspirants, and fragrances, or a combination thereof.

43. A composition as ¢laimed in claim 40 wherein the substance is one or more cleaning agents
selected from

a) enzymes including ccllulascs, peroxida:;es. proteases, ghicoamylases, amylases,



12p70), G anul ocyte Macrophage-Col ony Stinul ating Factor (GW CSF),

cl eaved PARP, Bel-2, and active Caspase-3 protein |evels,
Interleukin-8 (IL-8), basic Fibroblast Gowh Factor (bFGF),

Angi ogeni n (ANG), Vascul ar Endotheliak7G owt h Factor (VEG-), and
Tunmor Necrosis Factor (TNF), Interleukin-8 (CXCL8/IL-8), RANTES
(CCL5/ RANTES) , ;Manaki ' efn 5 ),

Monocyt e Chem)a%l'[’ractE %E@%@%tg %i’ n- i eé( Eé&ég;aﬁ/%ggl%ﬂén(%& SR dhses, and

| nt er f er on-y- i nauabiadsifises, e n- 10 ( CXCL10/ 1 P-10), or a m xture thereof.
166 82. A nethod as clainmed in any one of clains 69 to 81 wherein
the at | eagt on I : Lol e f '[EF?BIP i %:&!ﬂgﬁ

conpri si ngﬁiin E%t@%d%{txg?%%&%sﬁé@ﬁ%g sl ddgalglﬁgé;ca‘g%r onmat o%eglg% F§7
matri x. 83. A nbydroxdyefylcellelbse polyacryate polyenens, copadymars 60maleic@tihyride end

the at | east one popl yoer rticl 0 ises a ol yner rthcle.
produced accord ?‘th(i %r@ CB&%@E% Oglfnalé}?%@%fan% F@?’ o %c’?oéyrg%,s of %lal%lac
conposi tion as ghigidfedandimaiylviopestidr, @pslyifers3# niddeidBhhydtide; andumpthhgrnte
particle as clained in any one of clains 51 to 64. 84. A nethod of
produci ng reconBfifdfit pol ypeptides, the method conprising culturing a
particl e-produci ng host cell that conprises an expression construct
conpri si ngeR nugk&hBimatasitHers@fiuence encodi ng a fusion pol ypepti de,

t he fusion pol ypeptide conprising (a) a polynmer particle binding

domai n,, a pol ypept.i de that conprises.a po r_par.ticle i ndin

donai for B sSHORNa feslfitieg Tor BIb R vhrER kg Hprebads a Sbmsfar Tictferm o
bi ndi ng domgildduleaR thdidiSotebePeHe)R Bitid Sigtal 1dak, ok @ch@binAtdnubéresr. bodi es
when expressed in a cellular expression system wherein the culture

conditjions are sujtable for, expression.of_fhe fusiqgn | ypeptide, from
Che. 2o oAt aBPoEnG o7 GEFIed il Ay og SRR Hhodr TErymitE TP PEss go.

A met hod 0fsel@dt&ﬂﬂ&h%rcﬁt@iﬁ%@o%ﬂﬁa@@én&;_thﬁﬁdiﬂg&or_ﬁﬁﬂmtm??ﬂﬁndiﬁé}lomam, a
provi ding at |east one fusion polypeptide conprisin i), a polyner,

parti cl e bibHdiggresvat hindaeperisia Ssemae. thtibe ody g antibody
parti cl e bipgiyniaflOfPlfib ly fptR8ik, ool Ul BbS?h Ghpleldifteirt HBAdS &S

Fab antibody fragment, an Fc antibody fragment, an Fv antibody fragment, a F(ab’)2

antibody fragment, a Fab’ antibody fragment, a single-chain Fv (scFv) antibody fragment,
an antibody binding domain, an antigen, an antigenic determinant, an epitope, a hapten, an
immunogen, an immunogen fragment, biotin, a biotin derivative, an avidin, a streptavidin, a
substrate, an enzyme, an abzyme, a co-factor, a receptor, a receptor fragment, a receptor
subunit, a receptor subunit fragment, a ligand, an inhibitor, a hormone, a lectin, a
polyhistidine, a coupling domain, a DNA binding domain, a FLAG epitope, a cysteine
residue, a library peptide, a reporter peptide, and an affinity purification peptide, or a

combination thereof.

"46. A composition as claimed in any one of claims 34 to 44 wherein the fusion partner is
a) an antigen, an antigenic determinant, an epitope, or an immunogen, or
b) an antibody or antibody fragment, or

c) an antibedy binding domain.



pol ynmer particle binding domain, and (ii) a polypeptide that forns

i ncl usi on bodi es when expressed in a cellular expression system and
167 (b) contacting the fusion pol ypeptide with a particle-formng
reaction mixture to format |east o8 polyner particle. 86. A nethod
as claimed in claim85 wherein the particle formng protein conprises
a pol yrer A syfbdiaRfas@himd HRLNOLE Elahabaiid whatiailma Biompates n t he
particle-formnhg reaction m xture conprises a polyner synthase. 88.
A met hod omprisgspadntibodyjodingedst®it| ains 1 to 33 wherein the fusion
partner is a polypeptidethat fornms inclusion bodies when expressed
inagellu i ' ne &laids PBtIWIwhGeigl ai med in any one
of clgfns'%ga?g&ggﬂﬁﬁggg?ﬁy?ﬁgﬁﬁost cell conprises two or nore

di fferent expression cpnstructﬁa&hat each encode a different fusion
pol ypept i drecougting kagasf dQuekto thefuReR PR, one of clains 84 to 89
including the initial step of selecting a polypeptide that forns

I ncl ugi on pogdl.68, i’é’ﬁ?éht SUIESHAR: fuliod pathdr dhds sebsphasis bamdsy steanoniling
(a) conducting a literature search to identify a pol ypeptide that has
previ ousl| yrehgeah odet ermi ned to formiincl usi on bodi es when expressed in
a cellular expression system or (b) expressing a candi date

pol ypept i deginttafeeli€bburddtd theGadio EQbm pol ymer particles and

exam ning the cell mcroscopically to determ ne whether or not the
expressed polypeptide forpms inclusion bodies. . 91. A oefhod .

cl ai méd i nthg mf;mé sys¥thage e the poicle forgers HPFH@F&‘S&DB%‘F’F%“?%EY Pf)dlansed witha
separat | ”gc&lﬁlﬁg%&hgéﬁ?foﬂaﬁﬁfaueés%néisiﬁ&mgb@p&iﬁ!éxs or the reaction

m xture to produce a conposition conprising polyner particles, and
(2) optionally separating the fusion polypeptide fromthe pol yner
parti ¢ es, 2 gerabingi®n thgeefonal | y separating the pol ypeptide fromthe
fusion polypeptide. 92. A nethod as clained in any one of clains 84
to 93 gher gl AnlpdgtbSEXRRAM arg@ny BEAkinth34 t6d@ svhoein the fhisionepartner

ref ol di ng. o ]
comprises a binding domain and

a. a coupling reagent is bound to the binding domain, or

b. a coupling reagent is bound to the binding domain and a substance is bound to the coupling

reagent, or
c. a substance is bound to the binding domain,
d, or a combination thereof.

50. A composition of polymer particles as claimed in any one of claims 34 to 49 produced

according to a process of any one of claims 1 to 33.
51. A polymer particle comprising:
A) at least one polypeptide comprising a polymer synthase; or

B) at least one fusion polypeptide comprising a polymer synthase and at least one fusion

partner; and

C) optionally,



168 93. A nethod of identifying a target nolecule that binds a
receptor polypeptide, the method conprising: a) providing at |east
one polyner particle conprising at |east one fusion polypeptide, the
fusi on pol ypeptide conprising (i) a pdPBynmer particle binding donain,
a pol ypeptide that conprises a polyner particle binding domain or a
particle fqnm ng: RAQbEE poliRpHISIRIIsAB S particRAMARE pRAH gl € bi ndi ng
domain, and (ii) ' at least one receptor polypeptide, b) contacting
the at | east one polyner particle with at |east. one target nol ecul e,
and c) ideati f@tﬁ@s‘ﬂaﬂ%%ﬂd@t@m Figp DPIEPIPRAS CHRHBEE he recept or

pol ypeptidc. 94. A nmethod of identifying a target nol ecul e that binds
a receptor |igang, tRgcHBlhPFolymerpid Pidding AdmRhOYbellfgtiad thheRStprieeea
pol yner particle conprising at |east one fusion polypeptide the ‘
fusi on pol ypepti de cBAppspaicle bipdiag dempinr 2 particledpaning peteiy thabrpaimises
a polypeptide that c i f@?ﬁk I riicl e binding domain or a
particle form ng pro?g?%h$ t ég§%¥?§ggm§ﬁ°%%?yner particle binding
domain, and (ii) at |east one receptor ligand, (b) contacting the at

| east one pol yméP) pafilpast enafirsipn partiep#5t one target nol ecul e, and

(c) identifying a target nol ecule that binds the receptor |igand. 95.
A met hod of3pr odueinBBadordthielr Popul ation of pol ymer particles
conprising: @) providing a particle-producing host cell containing a
m xed popul ation of expression constructs wherein each expression
const rearein ghisast sbout A anddhesustagrares fdbrinlEaer Rapicdts fgvecE Rishabypeptide.
pol ypepti de, the fusion polypeptide conprising 169 (i) a polyner
parti cdze bimﬁ&,@gﬁm@d;@@oﬂ@m@mg\,’pepti dc that conprises a polyner
particle binding domain or a particle formng protein that conprises

a pol yner rticle binding dopmin, and
P X) a?ﬁlaastlone polylloepgllde 9ompnr£?1{g a po?ymer synthase; or

B) at least one fusion polypeptide comprising a polymer synthase and at least one fusion
- partner; and

) optionally,
(1)  atleast one polypeptide comprising a particle forming protein, or
(2)  atleast one additional fusion polypeptide comprising

(a)  apolymer a polymer particle binding domain, a polypeptide that comprises a
polymer particle binding domain or a particle forming protein that comprises

a polymer particle binding domain, and
(b}  atleast one fusion partner, or
(3)  acombination thereof;
wherein at least about 10% of the surface area of the polymer particle is covered by polypeptide.
53. A polymer particle comprising:

A) at least one polypeptide comprising a polymer synthase; or



(ii) at least one polypeptide of interest; b) inducing the host cell
to produce polyner particles and express the expression constructs
to produce a m xed popul ati on of fusion pol ypeptides that bind the
pol ymer particles; and c) optionallyl&&parating the m xed popul ation
of polymer particles fromthe host cell. 96. A nethod of identifying

a targst npiieabbe Alisd ?@%rﬁk%ﬁd@cdmﬂ}fsﬁ{g)ﬁ P HRAPHithe 26O BDIEAsS bitOfusioR)

providing a m xed popul ati on of pol ynmer particles conprising a m xed
populatlonP@ﬂwnﬁﬁélon pol ypepti des, the fusion pol ypeptides
conpr|3|ng (|) a polyner particle binding domain, a polypeptide that
conpr i particle binding domain or a particle formng
prot ei tha ngglses a polyner particle binding domain, and (ii)
at | east one I|brar pol ypeptide; (b) contactlng t he polyner
particles (th atleds é’ﬁ@ftdﬁﬂ@@t?flm e pgtile forrpyg pIgksMof yi ng a
target nol ecul e that blnds a library pol ypeptide. 97. A nmethod as

clai med inegny ﬁﬁ@as%ne%h@ihﬂ&l%%l&n%o?y;@ WedofipiisinBe at | east one
pol ypeptide of. 1nterest, the at eas? one I|brary pol ypepti de or

the at |east one_receptor ligand is sel ected fromas&aaféqﬁ%g

protein fragment®) a aRohanei G Rebmear partiglerhipdjag dpnaieiany! at&"mpnsesa
binding protein, a DRI fdiRe EERANBPA parfible BHdiOshbteirPiat comprises
ant i body fragnent a;%}b'l}ﬁ%ﬂ body klleavy chai n, " an gntl body | i ght Chgl n,

a single chain anti kﬁomglym%rm@@n@bﬁd@mﬂlmbody, a Fab anti body

fragnent, an Fe ant| body fragnent, an Fv antibody fragnment, a F(ab')2

anti body tcag ﬁlf%ne%é%mf gAgnent, a single-chain Fv

(scFv) anti body ragrrent an ody bindi ng- domai n, an antigen, an
antigenic determ nant, an epitope, a hapten, an inmrnogen, an

i munogen {DagneAembingtionithereef bi otin derivative, an avidin, a
streptavidin, a substrate, an enzyne, an abzyne, a co-factor, a

I eCeptytereiPat I&EERRE 5004 BHHNE Nirfacs afe%%ﬁﬂfe%iyﬂe@ parfibleUédvered w%@@&gm@
subunit fragnent, an inhibitor, a coupling domain, or a conbination

thereof. 98. A nethod of |den |fy|ngata ul e that, binds,
f usi of4pol YRpYRerP2EsiRss |°£3FJHE)CE n@gy op¢ Bfﬁl%}}'“%gl t‘g?i?yﬁff%]ltﬁ“? BHYYEr BErSP e
one of cl aigffhedborhRiseslat 8T HleRubdifict B&iARo BAEAbrated into the polymer particle,

or a combination thereof,

55. A polymer particle as claimed in claim 54 wherein the substance is a protein or protein
fragment, a peptide, a polypeptide, an antibody or antibody fragment, an antibody binding
domain, an 'antigen, an antigenic determinant, an epitope, an immunogen or fragment
thereof, a metal ion, a metal ion-coated molecule, biotin, avidin, streptavidin or derivatives
thereof, an inhibitor, a co-factor, a substrate, an enzyme, a co-factor, a receptor, receptor
subunit or fragment thereof, a ligand, an inhibitor, a monosaccharide, an oligosaccharide, a
polysaccharide, a glycoprotein, a lipid, a cell or fragment thereof, a cell extract, a virus, a
hormone, a serum protein, a milk protein, a macromolecule, a drug of abuse, or a

combination thereof,

56. A polymer particle as claimed in claim 54 wherein the substance is one or more skin care
agents selected from sunscreen agents, particulate materials, conditioning agents, thickening
agents, water-soluble vitamins, water-dispersible vitamins, oil-dispersible vitamins,
emulsifying elastomers comprising dimethicone copolyol crosspolymers, non-emulsifying

L3

ts comprising dimethicone/viny! dimethicone crosspolymers, oil-soluble skin care



conprises at |east one receptor pol ypeptide, at |east one receptor

| igand, at |east one polypeptide of interest, at |east one library
pol ypeptide, or a conbination thereof, (b) contacting the conposition
with at | east one target nolecule, arddl (c) identifying a target

nol ecul e that binds the fusion partner. 99. A nethod as clainmed in

any one of agha H&nﬁﬁsﬁg%ﬂ%lm{eﬁieﬁe hideyld, biytogerbReartiadcg e hetives, detd! e
conprises contacting the particle with . a Isi}bel | ed nol ecu

0

that will BYHexy %fl@%fma%gé?mmnéwﬁéw@smn@ﬂ%&ﬂ raissl seAvEngess Plypators,
pol ypepti dg iR, 4a& %ﬁﬁ%fy &%ﬁfs' GhiSoel1Aid agéi’ﬁst ﬁﬁﬁdaﬁ&e&ﬂﬂ@tﬂsabel | ed
nol ecul e. 100. A method as clained in any oné of claims 93t

wher ei n t hentipskspirents pa frdgrinsed, or a pombibatiansbatedn a subst rate
conprising an ELI SA plate; microarray slide or a chromatography
rratrl 7

ot i ned i n BRSPS ARG R or T ko e
pol ymer paage}n@l@leagddl@m ned in any one of clains 69 to 100. 103. A
nmet hod as clai med in any one of clains 1 to 33 or a conposition as
claimed ing rel

particles & the rrp}cl)jls?fdtd?fgnr‘EE %ésg&}egg%dr’ré{&& O{éF Sel%a%h\}\%gﬁlﬁaag ases

to about 150 nlipgseq, bv)tuﬁ@es,xpanﬁn&sha rq:;h:plas&sl cesdascs, phmlolmmim; Iupowgdmasp@,
a di anmeter of b t ween a}t}ﬁi G‘Bﬂ 00 nr 1 gc % dthe
particles in th gl?ﬁ’) 08 W‘?fa %?%PS ?ag?‘se%r De“w@e Bl urn
to about 80 nrrmaﬁiﬁamdiséé od0 % of the particles in the corrp05|t|on
have a di aneter of betvveen about. 10 nmto about 60 nm (c) 25 % of

the partic S|nth 0si tion qut 10

nm t o abob SOaI(‘:tH %a%er% 18191}&?}‘?5 ni‘)eékpikfe@e%@e cﬁrfb?%néﬁﬁf) (%Ton

have a di amet er hafrobetiyvgeiuiadgublyddyktepolyenerq bopdlymars bi flaleic anhydude and
acrylic acid, copolymers of maleic anhydride and ethylene, copolymers of maleic

anhydride and methylvinyl ether, copolymers of maleic anhydride, and methaérylic

acid, or
c) a combination thereof.

58. A polymer particle as claimed in claim 54 wherein the substance is a coloured or fluorescent

molecule, a radioisotope, one or more metal ions, or a combination thereof.

59. ° A polymer particle as claimed in any one of claims 51 to 58 wherein the fusion partner is
selected from a protein, a proteiﬁ fragment, a binding domain, a target-binding domain, a
binding protein, a binding protein fragment, an antibody, an antibody fragment, an antibody
heavy chain, an antibody light chain, a single chain antibody, a single-domain antibody, a
Fab antibody fragment, an Fc¢ antibody fragment, an Fv antibody fragment, a F(ab’)2
antibody fragment, a Fab’ antibody fragment, a single-chain Fy (scFv) antibody fragment,
an antibody binding domain, an antigen, an antigenic determinant, an epitope, a hapten, an
immunogen, an immunogen fragment, biotin, a biotin derivative, an avidin, a streptavidin, a
substrate, an enzyme, an abzyme, a co-factor, a receptor, a receptor fragment, a receptor
subunit, a receptor subunit fragment, a ligand, an inhibitor, a hormone, a lectin, a

polyhistidine, a coupling domain, a DNA binding domain, a FLAG epitops, a cysteine



104. An expression construct operably linked to a strong pronoter,

t he expression construct conprising: (1) at |east one nucleic acid
sequence encodi ng a polyner synthase; or (2) at |east one nucleic

aci d sequence encoding a fusion pol yp¥gti de that conprises a polymer
synt hase and at | east one, fusion partner, 105. An expression
construct opadmbi jibliynieptidd, @ reposter iptidy eadmi efinity heifseesHtian or a
const ruct cogB lm@gﬁ{) 1) at |east one nucleic acid sequence

encodi ng a ase; or (2) at least one nucleic acid
sequence encodi ng a fusion pol ypeptide that conprises a polyner

synt hatde andpaymbegsticlonccliiuti dhanyabhe DEElainaFd 16 33 whkreleBs fusRRAGartner is:
nucl ei c acid sequence encoding a particle formng protein or at |east
one nucl elg aci d sequence .encodi an additional fusion rypepti de
or a conbi Rati of APHESPASpAntigene q‘?’i%ﬂl}‘?@ %BPLHPBH‘&I&“%“B%GSOCP pepti de
conprises (a) a polyner particle binding domain, a polypeptlde t hat
conprises &) pol ymentibofant agibedpiragieng odonai n or a particle forning
protein that conprises a polymer particle binding domain, and (b) at
| east one f ssign rtn An expressi on construct operably
linked to & str%%aﬁb Sﬁgng%%gﬁ@ expre55|on construct conprising:

172 (1) at |east one nucleic acid sequence encoding a fusion

pol ypept i de\ pdmnemam'mé sadaimepdl gnyene sfeltinase (@68 watrelnghs fusivheafitiai on
partner; t.one C|EIC aci d sequence encodi ng an

addi ti onal &mé 1?? PF@g@t B¥'™ conpri ses at |east one

pol ypepti de and a b| ndi ng domai n that binds the fusion partner of

t he fugi on Apmilypeptaitibde asklaimedinvaagtone of clapisistitn gl aheepr essi on of
construct of claim 104, 105 or 106. 108. A high copy nunber vector
conprising I Q opstruct of claim 104, 105 or 106. 109.
A hostascel F%Buoprq}\él rga%%tlgﬁ&élgg?glsg%%n%%ﬁg%Pﬂct or a vector as clained

in any one of cI aims 104 to 108.
b. a coupling reagent is bound to the fusion partner and a substance is bound to the coupling

reagent, or-
. G a substance is bound to the fusion partner, or

d. the polymer synthase or the particle forming protein has been chemically modified with a

coupling reagent to form at least one binding domain, or

e. a combination thereof.

63. A polymer particle as claimed in any one of claims 51 to 61 wherein the fusion partner

comprises a binding domain and
a. a coupling reagent is bound to the binding domain, or

b. a coupling reagent is bound to the binding domain and a substance is bound to the coupling

reagent, or
c. a substance is bound to the binding domain,

d. or a combination thereof.



761554 1. TXT SEQUENCE LI STING <110> Rehm Bernd Backstrom Bjorn
<120> Pol ynmer Particles and uses thereof <130> 536268 <160> 24 <170>
Patentin version 3.3 <210> 1 <211> 468 <212> DNA <213> synthetic
<400> 1 tctagacata tggcaccaac gtccagd6dg accagcagtt ctaccgcaga
agcccagcag 60 cagcagcagc agcagcaaca gcagcagcaa catctggaac agctgct gat

ggat ct@cag Algflym&aAaiiCisiinifbe i A dee oPdaids 3l 6963 pRtiadedadaeding to a process
t gccacgt at Ogctgacgttt 180 aaattctatc tgccaaaaca ggctacggaa

ct gaaagat c of getyedé eleingightigt gaa 240 ctgggt ccac t gegt cacgt
cctggatctg acccagtcca aatcctttca gctggaagac 300 gctgaaaatt

ttatctgcaa 4 angfehioh SoRpHGh I GRedRR AR Bla36a86f d8iths 51 to 63
acgtttgaat gccaatttga tgacgaatca gctaccqtgg tcgattttct gcgtcgttgg 420

at cgcct t tt piduagtasgatingae o prgasH ageeiesd sGInahipgE cc 468 <210> 2
<211> 372 <212> DNA <213> nurine <400> 2 tctagacata tgggtcagtt

cot gtgat | Oggecags ESAM G S AREGHOV P Pner PR AR OintATR AG} GRC
at gtcgi‘zs:tt ‘Atggi% caggltggg%gaat g%_:'g dac cggt at gga?;p 1206r. taggttggt, 8y
at cgt t cccc chrkainsciag 50 gr geprésingonedr S0LGRAHNe @8 flaipgg in any one of

claims 51 to 64.

67. A diagnostic kit comprising a composition of polymer particles as claimed in any one of
claims 34 to 50 or comprising one or more polymer particles as claimed in any one of claims
51 to 64.

68. A diagnostic kit as claimed in claim 67 wherein the polymer particles are immobilised on a
substrate comprising an ELISA. plate, microarray slide or a chromatography matrix, or a

combination thereof.

69. A method of detecting and optionally isolating at least one target component in a sample, the

method comprising:

(a)  providing at least one polymer particle comprising at least one fusion polypeptide
covalently or non-covalently bound to the polymer particle, the fusion pelypeptide

comprising

@) a polymer particle binding domain, a polypeptide that comprises a polymer
particle binding domain or a particle forming protein that comprises a

polymer particle binding domain, and
(ii)  af least one domain that will bind a target component,

(b)  contacting the polymer particle with a sample comprising a target component such

that the binding domain binds the target component to form a complex,
(¢)  detecting the complex, and

(d)  optionally separating the complex from the sample.



caggat gccg aacaggcccc agaat atcgt ggtcgtacag agct gct gaa agaaacgatt 240
agcgaaggca aagttactct gcgtattcag aatgtgcgtt ttagcgatga aggtggctat 300
acctgtttct tccgtgatca ctcttaccag gaagaagccg ccat ggaact gaaagttgaa 360
gattaaggat cc 372 <210> 3 <211> 49 12> DNA <213> synthetic <400>
3 aaaaat ct ag aaaaaggaga tatacgtatg atcctcaccc cggaacaag 49 <210> 4
<211> 66 Page 1 761554 1. TXT <212> DNA <213> synthetic <400> 4
aaaaacat at ggtggtgatg gtgatgcgag ccgcgtttat catcatcatc ggcagccgtc 60
gtcttc 66 <210> 5 <211> 653 <212> DNA <213> Ral stoni a eutropha
<400> 50.aaaaaikthbags demebigghinéd wicadipdettctngabowiipRe congijeaantastg the

t gcagcagcg 6 caaa ca cgaaac. gctof.t C ctgaccagca, .aggcqtttga
aggcgt cgaa PP B%%? %5‘3%@@%&@% gt 12%}5‘?'2’3}3%"0 g@éﬁ? ﬁ‘g gt eedPor

t cgcagaagg fagod grgapdie bBO thqoyarg@aily, agatgiing ge lbakkggadgok,
caggaactgc tggccatcca ggccgcagcc 240 gtgcagccgg ttgccgaaaa

gaccct ggcc A deR6f e Amatn bRl P dnAa HO6bIEHImIR e is a 1abelled antibody.

72. A method as claimed in any onc of claims 69 to 71 wherein the polymer particle comprises
a) & lahe! bound to or incorporated into the polymer particle, or
b} at Jeast one additional fusion polypeptide comprising

(i) a polymer 2 polymer particle binding domain, a polypeptide that cornprises a
polymer particle bindiﬁg domain or a particle forming protein that comprises

& polymer particle binding domain, and
(i) e binding domain that will bind a labelled molecule, or
c} at Jeast one additional fusion polypeptide comprising a reporter proigin.

73. A method as claimed in any one of claims 69 to 72 wherein the polymer particle comprises

two or more different fusion polypeptides.

74. A method as claimed in claim 69 wherein the polymer particle comprises two or more

different fusion polypeptides on the polymer particle surface.

75. A method as claimed in claim 69 wherein the polymer particle comprises three or more
different fusion polypeptides on the polymer particle surface.

76. A method as claimed in any one of claims 69 to 75 wherein the polymer particle further
cdmprisés ot least one compound bound to or incorporated into the polymer particle, or a

combination thereof,

77. A method as claimed in claim 76 wherein the compound is a coloured fluorescent molecule,

a radioisotope, or one or more metal ions, or a combination thereof.
- 78. A method as claimed in 4ny one of claims 69 ta 77 wherein the binding domain is

a) an antigen, an abtigenic determinasnt. 2n eoitove or an immunhogen. or



gaaacccaga gcgagttcac caaggtagcc gaggctcaac tggccgaagg ctcgaagaac 360
gt gcaagcgc tggtcgagaa cctcgccaag aacgccccgg ccggttcgga atcgaccgtg 420
gccat cgt ga agtcggcgat ctccgcectgecc aacaacgcct acgagt cggt gcagaaggcg 480
accaagcaag cggtcgaaat cgctgaaacc aactléécagg ctgcggctac ggcetgccacc 540
aaggct gccc agcaagccag cgccacggcc cgtacggcca cggcaaagaa gacgacggct 600
gccgat gat g bat gatkmaaibgdcaggatibgbalagmantat cacc accatatgtt ttt 653 <210>
6 .<211> 38 <212> DNA <213> synthetic <400> 6 gtaatcatat ggggtaccga

gctcgaattc cgt cta %{ §80> 7 <211> 44 <212> DNA <213> synthetic
<400> 7 gc§ gca@é@lﬁg binding 4omReile at acag ggggtattaa tttg 44  <210> 8
<211> 38 <212> DNA <213> synthetic <400> 8 gtacacatat ggcgcaacac

gat gadgccg A aghohacclded 2403008 ofelhites 6916 77 whtiin DdRAirageichain is Protein A
761554_1. TXT

or a ZZ domain.

80. A method as claimed in any one of claims 69 to 77 wherein the target component is selected
from a protein, a protein fragment, a peptide, a polypeptide, a polypeptide fragment, an
antibody, an antibody fragment, an antibody binding domain, an antigen, an antigen
fragment, an antigenic determinant, an epitope, a hapten, an immunogen, an immunogen
fragment, a metal ion, a metal ion-coated molecule, biotin, a biotin derivative, avidin,
streptavidin, an inhibitor, a co-factor, a substrate, an enzyme, an abzyme, a receptor, a
receptor fragment, a receptor subunit, a receptor subunit fragment, a ligand, a receptor
ligand, a receptor agonist, a receptor antagonist, a signalling molecule, a signalling protein, a
signalling protein fragment, a growth factor, a growth factor fragment, a transeription factor,
a transcription factor fragment, an inhibitor, a cytokine, a chemokine, an inflammatory
mediator, a monosaccharide, an oligosaccharide, a polysaccharide, a glycoprotein, a lipid, a
cell, a cell-surface protein, a cell-surface lipid, a cell-surface carbohydrate, a cell-surface
glycoprotein, a cell extract, a virus, a virus coat protein, a hormone, a serum protein, a milk
protein, a macromolecule, a drug of abuse, a coupling reagent, a polyhistidine, a
pharmaceutically active agent, a biclogically active agent, a label, a coupling reagent, a

library peptide, an expression construct, a nucleic acid or a combination thereof.

81. A method as claimed in any one of claims 69 to 77 wherein the target component is selected
from Interleukin-3 (IL-3), Interleukin-4 (IL-4), Interleukin-5 (JL-5), Interleukin-10 (IL-10),
Interlevkin-7 (IL-7), Interleukin-18 (IL-10), Interleukin-6 (IL-6), Interleukin-12p70 (IL-
12p70), Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF), cleaved PARP,
Bcl-2, and active Caspase-3 protein levels, Interleukin-8 (IL-8), basic Fibroblast Growth
Factor (bFGF), Angiogenin (A_N (), Vascular Endothelial Growth Factor (VEGE), and
Tumor Necrosis Factor (TNF), Interleukin-8 (CXCL8/IL-8), RANTES (CCL5/RANTES),
Monokine-induced by Interferon-y (CXCL9/MIG), Monocyte Chemoattractant Protein-1
(CCL2/MCP-1), or Interferon-y-induced Protein-10 (CXCL10/IP-10), or a mixture thereof.



<213> synthetic <400> 9 gtacacatat ggcgcaacac gat gaagccg tagacaacaa
att caacaaa gaacaacaaa 60 acgcgttcta tgagatctta catttaccta acttaaacga
agaacaacga aacgccttca 120 tccaaagttt aaaagatgac ccaagccaaa
gcgctaacct tttagcagaa gctaaaaagc 180 16% aaat gat gc t caggcgccg

aaagt agaca acaaattcaa caaagaacaa caaaacgcgt 240 tctatgagat

cttacghl t aaAGRIRGLis AAnRE FARYIAS Bf ALERFDEY ST whECRIBE &AensBEK polymer particle
gtttaaaaga tgacccaagc caaagcgcta accttttagc agaagctaaa aagctaaatg 360
at gct caggcisgoewhilised an ga%@@aawmg%%&@dgﬁ I&%@;é@&%‘)&{f@’ gifgE2415
<210> 10 <gll= 5 thfﬁéﬁﬁ.DNA <213> synthetic <400> 10 gcgcgcat at
gatgacttta caaat cgta cagggggt at taatttgaaa aagaaaaaca 60 tttattcaat
t cgt aaact a ggt gt aggta ttgcatctgt aacttt aggt acattactta 120 .

t at ct §3t ggAcyethetascdaimgd inpraaae f deigs§dda.8 h vheainghasideash eregoduns adigls
aattcaacaacgggﬁggacaa aacgcgttct atgagatctt acatttacct aacttaaacg 240
aagaacaacg aaacgccttc atccaaagtt taaaagatga cccaagccaa agcgctaacc 300
ttttagcaga agctaaaaag ctaaatgatg ctcaggcgcc gaaagtagac aacaaattca .360
acaaagaacaaacaaapelyngr parddapydecednetardingta z praesss ebaptone abhelgimsdaad3420
aacgaaacgc cttcatccaa agtttaaaag atgacccaag ccaaagcgct aaccttttag 480

cagaagct aapaaag : &gﬁgqggmg gat tcgagctcgg 540
taccccat atbgattga% ?1t%§%?8§&ﬁq%%> 698 <212> PI%I <213> synthetic
<400> 11

c. a polymer particle as claimed in any one of claims 51 to 64.

84. A method of producing recombinant polypeptides, the method comprising culturing a
particle-producing host cell that comprises an expression construct comprising a nucleic

acid sequence encoding a fusion polypeptide, the fusion polypeptide comprising

(a) a polymer particle binding domain, a polypeptide that comprises a polymer particle
binding domain or a particle forming protein that comprises a polymer particle

. binding domain, and

(b)  apolypeptide that forms inclusion bodies when expressed in a cellular expression

system,

wherein the culture conditions are suitable for expression of the fusion polypeptide from the

expression construct and for formation of polymer particles.
85. A method of producing recombinant polypeptides comprising
(a) providing at least one fusion polypeptide comprising

@) a polymer particle binding domain, a polypeptide that comprises a polymer
particle binding domain or a particle forming protein that comprises a

polymer particle binding domain, and

(i)  apolypeptide that forms inclusion bodies when expressed in a cellular

expression system, and



Met Ala Gn H's Asp Gu Ala val Asp Asn Lys Phe Asn Lys Qu @n 15
10 15 dn Asn Ala Phe Tyr Qu Ile Leu H's Leu Pro Asn Leu Asn G u

GQu 20 25 30 dn Arg Asn Ala Phe Ile A n Ser Leu Lys Asp Asp Pro ser
G@n ser 35 40 45 Ala Asn Leu LeuAIa]C/-:IuAIaLys Lys LeU Asn Asp Al a
Gn AaPro 50 55 60 Page 3 761554 P/TXT Lys Val Asp Asn Lys Phe

Asn Lys AQu Gn @n Asn Ala Phe Tyr AQu 65 70 75 80 |Ile Leu H's Leu
Pro Asn Leu Asn Qu Gu dn Arg Asn Ala Phe Ile 85 90. 95 dn Ser

Léu Lys Asp Asp Pro 5er A n Ser Ala Asn Leu Leu Ala Gu 100 105 110
Al a Lys Lys(leu casactingihe Alsion oplypeptide Witha regfislerforningapacipromistie Sdrm a1 15

120 125 Ser sefgMahe FifnddpsMet His His Hs His Hs Hs 5er An Lys
ren 130 156 140 onefliflngtodutlel o ° Lys Gn Ala Ala G u Asn Thr Leu

Asn-Leu Asn_ 145 15Q 155 160 ro Val Ile y lle Arg Ay Lys Asp Leu
LU Thdbser AAIOAALFER 68T $omhore e g yleip B Pief tarat wsf PR £
Pro Leu Hi ssypthiseAl a Arg Hi's Val 180 185 190 Ala Hi s Phe ser Leu Qu
Leu Lys Asn Val Leu Leu Ay G n Ser Gu 195 200 205 Leu Arg Pro Ay

AS p AS QB’IAS pA’%(e%oé‘gsC’clgggd 1§%fmn‘f‘§? wﬁ{zgn f%le gan-{élgfo%ng reaction mixture comprises a

polvmer synthase.

88. A method as claimed in any one of claims 1 to 33 wherein the fusion partnerisa
polypeptide that forms inclusion bodies when expressed in a cellular expression system.

89. A method as claimed in any one of claims 84 to 88 wherein the hest celi comprises two or
more different expression constructs that each encode a different fusion polypeptide.

90, A method as claimed in any one of claims 84 o 89 including the initial step of selecting a

polypeptide that forras inclysion bodies when expressed in a cellular expression system by:

(a)  conducting a literature search to identify a polypeptide that has previousty been
determined to form inclusion bodies when expressed in a cellular expression system;

or

(b)  expressing s candidate polypepﬁde in a cell that can not form polymer particles and
examining the cell microscopically to determine whether or not the expressed -

polypeptide forms inclusion bodies.
91. A mgthod as claimed in any one of claims 84 to 90 further comprising

(1)  separating the poiym;r particles from the cells or the reaction mixture to produce a
composition comprising polymer particles, and

(2)  optionally separating the fusion polypeptide from the polymer partioles, and
(3)  optionally separating the polype.ptiﬁe from the fusiots polypeptide.

92. A method a3 claimed in any one of ¢laims 84 to 93 whereia the recombinant polypeptide

does not require refolding.



210
Trp
Leu
Leu
Pro
Leu
Asn
du
330
Pro
Pro
Asp
Thr
Arg
415
420

215 220 dn Asn Pro Leu Tyr Lys Arg Tyr Met G n Thr Tyr Leu Al a
Arg 225 230 235 240 Lys Qu Leu Hs Ser Trp Ile 5er H's Ser Asp
Ser Pro'd n Asp 245 250 255 1Ile Ser Arg Ay G@n Phe Val Ile Asn
Leu Thr Gu Ala Met 5er 260 265 Pro Thr Asn Ser Leu Ser Asn
Ala Ala Val Lys Arg Phe Phe A U 280 285 Thr Gy Ay Lys Ser
Leu Asp Gy Leu Ay H's Leu Ala~Lys Asp 290 295 300 Leu Val Asn
Ay Ay Mt Pro ser Gn Val Asp Met Asp Ala Phe 305 310 315 320
Val Ay Lys Asn Leu Ala Thr Thr Qu Gy Ala Val Vval Phe Arg 325

335q4; Page %ﬁﬁf r Arg
he Thr ﬂé@iﬂ?ﬂ%@ﬁﬁ‘&%ﬂ%@&ﬁ@@ Q{ﬁlédi-ﬁ%\ce? E’P‘Jﬂﬁ%@ udel?%gn%h{)ry Val

Pro G nchhgrisign LYS Phe Tyr 355 360 365 Val Phe Asp Leu Ser Pro
Lys ser Leu Ala Arg Phe Cys Leu Arg 370 375 380 Asn dy Val d@n

Phe |1 egyal ; An
e 0 ol - « o

lle Qu VaI ﬂrvg.}smggg,ly@gpdq@@pqq:ﬁg Gy ser Lys Asp Leu Asn Leu Leu
425 430
{) a polymer particle binding domain, a polypeptide that comprises a polymer

particle binding domain or a particle forming protein that comprises a

polymer particle binding domain, and
(i) ° atleast one receptor polypeptide,
b) contacting the at least one polymer particle wlth at least one target molecule, a;.nd .
c) ident.ifying a target molecule that binds the receptor polypeptide.

94. A method of identifying a target molecule that binds a receptor ligand, the method

comprising:

(&) providing at least one polymer particle comprising at least one fusion poly_peﬁﬁcle the
fusion polypeptide comprising '

i) a polymer particle binding domain, a polypeptide that comprises a polymer
particle binding domain or a particle forming protein that comprises a
polymer particle binding domain, and

(i) at least one receptor iigand,
(&) conta{:ﬁng.ﬂlc at least oné pofymcr particle with at least one target molecule, and
(¢}  identifying a target molecule that binds the receptor 1igand.
95. A metho& of producifig a mixed population of polymer particles comprising:

a) providing a particle-producing host cell containing a mixed population of expression
constructs wherein each cxpressidn construct comprises a nucleic acid sequence

encoding a fusion polypeptide, the fusion polypeptide comprising



440
Ser
Al a
Tyr
Phe
Val
Ile
Leu
560
565
H s
Leu
Leu

640

Ala cys ser Gy @y Ile Thr Thr Ala Thr Leu Val Ay H's Tyr 435
445 Val Ala Ser Ay Qu Lys Lys Val Asn Ala Phe Thr Gd n Leu Val

450 455 460 Val Leu Asp Phe Qu Leu Asn Thr A n Val Ala Leu Phe
Asp G u 465 470 475 480 Lys Thr1 Igeu GQu Ala Ala Lys Arg Arg Ser
G@n Ser Ay Val Leu 485 490 495 &u Gy Lys Asp Met Ala Lys Val

Ala Trp Met Arg Pro Asn Asp 500 505 510 Leu Ile Trp Asn Tyr Trp
Asn Asn Tyr Leu Leu Ay Asn A n Pro 515 520 525 Pro Al a Phe Asp

Leu Tyr TrpgAsn : TR : | a
s Ay @ bone a1 et hite ot bofiplou? hep Sooitf 2 B 2
Asn Arg Pro G ypapicls biadingydpmajs |or Be par@ly fqmingPpiotels) dhapspmprises Rys

570 575 G n Val, ARk M agys Val Ala Ay Leu Asn Asp
Ile 580 585 59 fﬁrgro Tr p éﬁlgl"‘;%'earn Cys. Tyr.Lys 5er Ala Arg Leu

Ay dy Lys, .595 600 605 Page 761554 1. TXT Cys AU Phe Ile
Ser Asn Ser#y %?@‘P?@“@W‘@%?%‘Fféstteu Asn 610 615 620 Pro Pro
Asn Pro Lys Ala Arg Phe Met Thr Asn Pro GIt Leu Pro 625 630 635
Ala AW Pr dnduwisg Alcahobr pell mupr@luge @hlpmdl par@les diglsexbliess Ak exgswiober

constructs to produce a mixed population of fusion polypeptides that bind the
polymer particles; and . ‘

<) optionally separating the mixed population of polymer particles from the host cell.
96, Amethod of identifying a target molecule that binds a library polypeptide comprising:

()  providing a mixed ;;opuiation of polymer particles comprising a mixed population of
fusion polypeptides, the fusion polypeptides comprising ‘

(D) a polymer particle binding domain, a polypeptide that cémprises a polymer
particle binding domain or a panicle forming protein that comprises a
polyrmer particle binding domain, and .

(i)  atleast one library polypeptide;
(b)  contacting the polymer particles with at least one target moiecule;
(¢}  identifying a target molecule that binds a library polypeptide.

97.  Amethod as claimed tn any one of claims 93 to 96 wherein the at least one polypeptide of.
interest, the at least one library pols}pepﬁde or the at least one receptor ligand is selected
from a protein, a protein fragment, a binding domain, & target-binding domain, a binding
protein, a binding protein fragment, an antibody, an antibody fragment, an antibody heavy
chain, an antibody light chain, a single chain antibody, 2 single-domain antibody, a Fab
antibody fragment, an F¢ antibody fragment, an Fv antibody fragment, a F(ab™)2 antibody
tragment, a Fab’ antibody fragment, a single-chain Fv (scFv) antibody fragment, an
antibody binding doméin, an antigen, an antigenic determinant, an epitope, 2 hapten, an
immunogen, an immunogen fragment, biotin, a biotin dcrivativg, an avidin, a streptavidin, a

substraie, an enzywme, an abzyme, a co-factor, a receptlor, a receptor fragment, a receptor



645 650 655 Trp Trp Leu His Trp Gn G@n Trp Leu Ala Qu Arg Ser Ay
Lys Thr 660 665 670 Arg Lys Ala Pro Ala Ser Leu Ay Asn Lys Thr Tyr
Pro Ala Gy Qu 675 680 685 Ala Ala Pro Ay Thr Tyr Val Hs Gu Arg
690 695 <210> 12 <211> 744 <212> PRII‘7 <213> synthetic <400> 12 Met
Thr Leu An lle Hs Thr Ay Ay Ile Asﬁ) Leu Lys Lys Lys Asn 1 5 10
15 1le Tyr Ser Ile Arg Lys Leu Gy Val Ay Ile Ala Ser val Thr Leu
20 25 30 dy Thr Leu Leu Ile Ser Ay Ay Val Thr Pro Ala Ala Asn Al a
Ala 35 40 45 @n Hs Asp u Ala Val Asp Asn Lys Phe Asn Lys Gu G n

Adn Asn 50 ; ' i ; | Pr : Asn
Gu du d ns%r%a&gé%ceg% s%&g?é@m@ %’qﬁlkagﬁgﬁg%%&&ldﬁ&%g’r&féﬁatlb%%z\sp Asp
Pro ser A n$epi.Ala Asn 85 90.95 Leu Leu Ala Au Ala Lys Lys Leu Asn
Asp Ala Adn Ala Pro LyS val 100 105 110 Asp Asn Lys Phe Asn Lys Gu
.G n G nggAsn Abhahddng idEmtfyifg bltatdeemblediie tal binds2(usiatfpolyplRidt CdtagrisigASn Leu
Asn Gu Qu Gn Arg Asn Ala Phe Ile"d'n ser

(@ . providing a com;ﬁositien of any one of claims 34 t0 51 wherein the fusion partner
comprises at least one receptor polypeptide, at least one receptor ligand, at least one
polypeptide of interest, at least one library polypeptide, or a combination thereof,

{(b)  contacting the corposition with at least one target molecule, and
(c)  identifying a target molecule that binds the fusion partner.

9¢. A method as claimed in any ope of ciz;ims 93 to 98 wherein identifying the target molecule
cornprises contacting ﬁc polymer particle with a labelled molecule that will bind to the
target molecule, te the at least one fusion polypeptide or to the polymer particle, and
detecting the labelled molecule. ‘

100. A method as claimed in any one of claims 93 (o 99 wherein the polymer particle is
immobilised on a substrate comprising an ELISA plate, microarray slide or 2

chromatography matrix.

10l. A diagnostic reagent comprising a polymer partiele as defined in any one of claims 69 to
100. '

102, A diagnostic kit a polymer particle as defined in any one of claims 69 to 100.

103, A method as claimed in any one of claims 1 to 33 ora composition as claimed in any one of

claims 34 to 50 wherein:

(=) 80 % of the particles in the composition have a diameter of between about [0 om to

about 150 nm;

) 60 % of the particles in the cdmpesition have a diameter of between about 10 nm to
about 100 nnit;

{¢) 45 % of the particles in the composition have a diameter of between about 10 nm to

about 80 nm;



130
Al a
Adn
Met
LeU
205
210
Al a
Adn
Asp
Adn
Ser
Phe
Asn
330
Val

135 140 Leu Lys Asp Asp Pro Ser An Ser Ala Asn Leu Leu Ala Gu
Lys Page 6 761554 1. TXT 145 150 155 160 Lys Leu Asn Asp Al a
Ala Pro Lys Val Asp Ala Asn Ser Ser Ser 165 170 175 Val Pro H s
Hs Hs Hs Hs His Hs Ser Adn L Asn Asn Asn 180 185 190 G u
Pro Lys Gn Ala Ala Qu Asn Thr LU Asn Leu Asn Pro Val 195 200
lle Ay Ile Arg Ay Lys Asp LeU Leu Thr ser Ala Arg Met Val Leu
215 220 Leu dn Ala Val Arg G n Pro LeU H's Ser Ala Arg H s Val
His "225'230 235 240 Phe Ser Leu Gu Leu Lys Asn Val Leu Leu Gy

Ser d U(d%eu 400003 2R Bs BB coRlpSsifanYia RSN ARRr AR RS M¥ub1 (RiE Ser
Pro,Ala Trp ser dn Asn 260 265 270 Pro Leu Tyr Lys Arg Tyr Met

Thr Tyr Leu2PgUS8TH Arg Lys Gu 275 280 285 Leu His Ser Trp lle
H s Ser Asp Leu ser Pro An Asp Ile Ser 290 295 300 Arg Ay Gn
Val || e(gisn 2kedloflipdpartivles [l the dhpodifdin hawsa dRin@tel 0 bervad® a1 (Bikbto 320
ser- Leu sergﬁsn g’ro_ Ala Ala Val Lys Arg Phe Phe A u Thr Gy 325
335 Ay Ly&@r'PBf Leu Asp Ay Leu Ay H s Leu Ala Lys Asp Leu
340 345 350 : :

63 5 % of the particles in the composition have a diameter of between about 10 nm to

about 35 nm.

104.  An expression construct operably linked to 2 strong promoter, the expression construct

comprising:
(1)  atleast one nucleic acid sequence encoding a polymer synthase; or

(2) at feast one nucleic acid sequence encoding a fusion polypeptide that comprises a
polymer synthase and at least one, fusion pariner. '

105. Anexpression construct operably linked to a strong promoter, the expréssion construct
comprising: ‘

(1)  atleast one nucleic acid sequenice encoding a polymer synthase; or

- (2)  atleast ong nucleic acid sequence encoding a fusion polypeptide that comprises a
polymer synthase and at least one fusion partner; and

(3)  at least one nucleic acid sequenice endading a particle forming protein or at least one
nucleic acid sequence encoding an additional fusion polypeptide or a combination

thereof, wherein the additional fusion polypeptide comprises

(8)  apolymer particle binding domain, a-polypeptide that comprises a polymer -
particle binding domain or a particle forming protein that comprises a
polymer particle binding domain, and

{(v)  atleast one fusion partner.

106.  An expression construct operably linked t10a strong promoter, the expression construct
comprising:



Asn
360

Val
Asn
Al a
Adn
445
450
Ay

Thr
Val

Arg
Al a
Trp As

Asn Gy Ay Met Pro Ser A n Val Asp Met Asp Ala Phe Ju Val 355
365 Ay Lys Asn Leu Ala Thr Thr Gau Ay Ala Val Val Phe Arg Asn
370 375 380 Val Leu Qu Leu lle dn Tyr Arg Pro Ile Thr A u ser

Hs du-q, 38 eu Pro.Pro Gnlle
lve pehyr AR gi8yciaR aopkhet ehEstiat B p¥Rostcl it Copeny
Arg Phe Q/s po@wmeﬁsmﬂ@aaaﬁgtle&a@mﬁlsﬁlﬁﬂeﬁrﬁrér IndXT 420 425 430 Val
Thr Phe IIe Val Ser Trp Arg Asn Pro Thr Lys Ser dn Arg 435 440

GuTr Tyr _1le |a Ley. L G.U Al.a | u
455 460° VaI t%g%{ E H“"l%‘? a‘f‘?{é‘a‘ff‘ﬁ‘?"e an: l‘s{mﬁié% firsiop B%lﬁpell_’hge ‘i?é*u
Ala 465 470:014@536@&91651@3633 Belypeptivie éadya Bih@ind B6mdih tholbiadd the fhdsh Val
Hs Tyr Val Ala 4 Ser Ay GQu Lys Lys Val Asn Al a Phe

G n Leu Val REgper gf et %On PP 510 Asp Phe G u Leu Asn Thr @n
Al a Leu Phe Ala Asp Glu Lys Thr 515 520 525 Leu GQu Ala Ala Lys

Ar t075er A Tyator@omptisihg Gh ¥xpradsion@ cédstruddoy cRER 1885054P104-.ys Asp Met
Lys Val Phe Ala Trp Met Arg Pro Asn Asp Leu Ile 545 550 555 560

y A ?;1 g?l copy 1 Asber vecQor o;nplﬁalzjlg Iég gxpcr;‘egémﬁso? ccgns%utlz?cr (%cllgng) 104, 105 or 106.

109. A host cell comprising an expression construct or a vector as claimed in any one of claims
104 to 108.



565
Al a
Pro
Ile

570 57S Phe Asp Ile Leu Tyr Trp Asn Asn Asp Thr Thr Arg Leu Pro
Ala 580 585 590 Leu Hs Gy Qu Phe Val Qu LeU Phe Lys ser Asn .
LeU Asn Arg 595 600 605 Pro Ay Ala Leu Qu Val ser Ay Thr Pro
Asp Leu Lys @ n Val 610 615 6g0554ThrxEys Asp Phe Tyr Cys Val Al a
Gy LeU Asn Asp His Il e TémuBRraE LG25N630 635 640 Trp A u ser cys Tyr
Lys ser. Ala Arg Leu Leu Gy Gy Lys Cys Qu 645 650 655 Phe Ile Leu
ser ASTIVseRetly B L1 e On Ser Ile Leu Asn Pro Pro 660 665 670 Gy
Asn Pro Lys Al'a Arg Phe Met Thr Asn Pro Qu Leu Pro Ala Gu 675 680
685 #20>Lyelviexr Rrpickes Quua@ntigrgcly Lys His Ala Asp Ser Trp Trp
Page 8;3061534.ds TXT 690 695 700 Leu H's Trp Gn @n Trp Leu Ala Qu
Arg Ser Ay Lys Thr Arg Lys 705 710 715 720 Ala Pro Ala Ser Leu Qy
Asn Ly¥0Fhr24Tyr Pro Ala Ay Au Ala Ala 725 730 735 Pro @y Thr Tyr
<212> DNA <213> priner

Val He$od ol rhdersTenl 973 13 <211> 28

<210> 1

<211> 468

<212> DNA .

<213> synthetic

<400> 1

‘tctagacata tggcaccaac gtccagctcyg accageagtt ctaccgcaga agcccageag 60
cagcagcagc agcagcaaca gcagcagcaa catctggaac agctgetgat ggatctgeag 120
gaactgctga gtcgtatgga aaattatcgt aatctgaaac tgccacgtat gctgacgttt 180
aaattctatc tgccaaaaca ggctacggaa ctgaaagatc tgcagtgcct ggaagatgaa 240
ctgggtccac tgcgtcacgt cctggatctg acccagtcca aatcctttca getggaagac 300
gctgaaaatt ttatctccaa tatccgtgtg acggtggtga aactgaaagg ttctgacaac 360
acgtttgaat gccaatttga tgacgaatca gctaccgtgg tegattttct gcgtcgtigg 420
atcgcetttt gccagtcgat tatttcgaca agcccacagt aaggatcc 468
<210> 2

<211> 372

<212> DNA

<213> murine

<400> 2 ' _

tctagacata tgggtcagtt tcgtgtgatt ggcccaggtt atccaatccg tgcactggta 60
ggtgatgagg cagaactgcc atgtcgtatt tccccaggea aaaatgctac cggtatggaa 120
gtaggttggt atcgttcccc attttcccgt gtggtgcatc tgtatcgtaa cggcaaagat 130
caggatgecg aacaggccce agaatatcgt ggtcgtacag agcetgctgaa agaaacgatt 240
agcgaaggea aagttactct gegtattcag aatgtgegtt ttagcgatga aggtggctat 300
acctgtttct tccgtgatca ctcttaccag gaagaagccg ccatggaact gaaagtigaa 360
gattaaggat cc 372
<210> 3

<211> 49

<212> DNA .

«213> synthetic

<400= 3

aaaaatctag aaaaaggaga tatacgtatg atcctcaccc cggaacaagd 49
<210> 4

<211> 66

Page 1



<400> 13 gcactagtat gaccacggtc tcgattac 28
DNA <213> prinmer <400> 14 taactagtct gctgaacggc gtc 23
<211> 2286 <212> DNA <213> synthetic <400> 15 atgaccacgg
tctcgattac ggccagcgct tcggcagacc 76espicasgga ctcgaaggcc 60
ccgccgggpc[&% cat.cacc ggcacctggt acaaccagct cggctcgacc 120

ttcat€ Qafﬁ'g@ﬂﬂﬁcgc cgacggcgcc ctgaccggaa cctacgagtc ggccgtcggc
aacgccgmga gccgcet acgt cctgaccggt cgttacgaca gcgccccggec caccgacggc
agcggesregRitEciPYgLIafogaitsg o Wwee ccooggiagh aRacaIcR e G698t ¥cccaébec

<210> 14 <211> 23

gcgacgacgt ggagcggcca gtacgtcgge ggcgccgagg cgaggatcaa cacccagggg
ctgctéacct ccggcaccac cgaggccaac gcctggaagt ccacgctggt cggccacgac
accttcacca aggtgaagcc gtccgccgecc tccatcgacg cggcgaagaa ggccggegtc
aacaag a ccgctcga cgccgttcag cagactagtg cgaccggcaa aggcgcggca
gct t ceathc m@gaaggcaa gtcccaacca ttcaaggtca cgccggggcec attcgatcca
gccacaitpgc Rajgeatiggewrroptlgccagt gg cagggcact g aaggcaacgg ccacgcggcc
gcgtccggea ftccgggect ggatgegetg gcaggegtca agatcgcgec ggecgeagetg
00t gak 56 cREC ADGEGERaC 11023688 Carlcb €40 30 (@6 @b goegaearagal ggcegag
ggcaaggccg aggccaccgg tccgctgcac gaccggcgct tcgcc gc a cgcat gc
accaateiiPBIcHt AfTGETTACcHTUGEAYE HORETPAER t§EC A% 3 @fgﬁc% ct tgdcc
Page Qagctcgtcg agetgaacet geaggtcgtc aagacticgt tcgcagaagg cgtitgacaac 180

gccaagaagg cgctgtcgge caaggacgca caggaactgc tggecatcca ggecgcagec 240

gtgcageogy tigecgaaaa gaccctggoe tacaccegec acctgiatga aatcgettcg 300

gaaacccaga gcgagttcac caaggtagcc gaggctcaac tggccgaagd ctcgaagaac 360

gtgcaagcge tggtcgagaa cctcgccaag aacgccocgg ccqggttecgga atcgaccgtg 420

gccatcgtyga agtcggcgat ctccgotgee aacaacgect acgagtcggt gcagaaggcd 480

accaagcaag cggtcgaaat cgctgaaacc aacttccagg ctgcggctac ggetgcocace 540

aaggctgcce agcaagccad cgccacdgec cgtacggcca cggcaaagaa gacgacggct 600

gcecgatgatg atgataaacg cggctcgeat caccatcacc accatatgtt Tttt 653

<210> 6

.<211> 38

<212> DNA

<213> synthetic

<400> 6

gtaatcatat ggggtaccga getcgaattc gegtctac 38

<210> 7

<211> 44

<212> DNA

<213> synthetic

<400> 7

gcgcgeatat gactttacaa atacatacag ggggtattaa tttg 44

<210> 8

<211> 38

<212> DNA

<213> synthetic

<400> 8

gtacacatat ggcgcaacac gatgaagceg tagacaac 38

<210> 9

<211> 415

<212> DNA

Page 2

<212>
<210> 15

caggt ct cgg

180
240
300
360
420
480
540
600
660
720
780
840
900



761554 1. TXT gagctggccg atgccgtcga ggccgat gcc aagacccgcc agcgcatccg

cttcgcgatc 960 tcgcaatggg tcgatgcgat gtcgcccgcc aacttccttg

ccaccaatcc cgaggcgcag 1020 cgcctgctga tcgagtcggg cggcgaatcg

ctgcgtgccg gcgtgcgcaa cat gat ggaa 76083_1 gxgct gacac gcggcaagat

ct cgcagkiec HaEbRIgagcg cgtttgaggt cggccgcaat 1140 gtcgeggt ga

ccgaag C ggtggtcttc gagaacgagt acttccagct gttgcagtac 1200

igggcgﬁ @aamgma%iacggaa@meg&ag@@at@a:tag&arag@aggmacaﬁagcat 6@aac
aagt actaca tcctggac a ctc g_tgcgccat gt

0t QgAGELG T PeSBaCH GGt Lot (XL DAL C U J8rge S L gacy 2

CCagCQEQ@@Q@@Q@&@@Q@QCLﬁﬁ@gmﬁ@@gﬁ@gﬁ@tcﬁﬂﬂtﬂﬁagﬁﬁgﬁg&ggﬂﬁatC]ﬁo

cgcgccatc aagtc acat cagc 1440 cca aca agat caacgt

gct cg Rt a‘i%c&ia%gg@%g graet tacéfﬁﬁ?:%g ¢ %tj‘ 858t gc 240

ttggCtCﬁeﬁktgagt?e?gﬁﬂﬁggﬁ&ac@c&gmﬁ%aacgﬁ@ta@e@gega@egug:aeemgcée%o 300

ctgctggac gccgacac gggcatcctc gacgtctttg tcgacga ccat a

1650 SPrgRERag L R A8 OB SO r g asy GUTR TR Jteatitget 0

gcgcggegdradde8hecod it 0 gagak A Cahl@icgg@ak Eddagg@r acegaacgacc 415

t ggt gt ggaa ctacgtggtc 1740 gacaactacc tgaagggcaa cacgccggtg

ccgttcgaec %cgct gttctg gaacggcgac 1800 gccaccaacc tgccggggcc

gt ggt agigc §gpgt acct gc gccacaccta cctgcagaac 1860 gagct caagg

taccgg accgtg t gcggcgt gc cggt ggacct ggccagcatc 1920

gacgt gg%%a DEHL ?%tccta cggct cgcge gaagaccata tcgtgeccgtg gaccgcggcec

1980 .h@i.gced cga ccgcgcetget ggcgaacaag ctgcgettcg tgcetgggtge

gt cgggco@ica 04 fatrat tyecygihgadagat caaeuutay eyt oas aagaraagegca 90

gccac a 2 cc

Socaco s R e g o Bt hct 0

ggcCC g ygoagyymc gyeg cga tas g et g cc lgcormgoT agetRRA0c gtajaggeet g 180

R il I U VR TR L K

aagaacaacg aaacgccttc atccaaagtt taaaagatga cccaagccaa agcgctaacc 300

ttttagcaga agctaaaaag ctaaatgatyg ctcaggcgec gaaagtagac aacaaattca 360
acaaagaaca actaaaacgcy ttctatgaga tcttacattt acctaactta aacgaagaac 420
aacgaaacgc cttcatccaa agtittaaaag atgacccaag-ccaaagcgcet aaccttitag 480
cagaagctaa azagctaaat gatgctcagg cgccgaaagt agacgcgaat tcgagetcgg 540
taccccatat gattac 556
<210> 11

<211> 698

<212> PRT

<213> synthetic

<400> 11

Met Ala GIn His Asp Glu Ala val Asp Asn Lys Phe Asn Lys Glu Gln
1 5 10 15
GIn Asn Ala Phe Tyr Glu Ile Leu His Leu Pro Asn Leu Asn Glu Glu
20 25 30
GIn Arg Asnh Ala Phe Ile Gln Ser Leu Lys Asp Asp Pro Ser GlIn Ser
35 40 45

Ala égn Leu Leu Ala Glu gga Lys Lys Leu Asn eap Ala GIn Ala Pro

Page 3



<400> 16 atgatcctca ccccggaaca agttgcagca gcgcaaaagg ccaacctcga
aacgctgttc 60 ggcctgacca ccaaggcgtt tgaaggcgtc gaaaagctcg tcgagctgaa
cctgcaggtc 120 gtcaagactt cgttcgcaga aggcgttgac aacgccaaga

aggcgct gt c_ggccaaggac 180 gcaca agd_tigetiggeccat ccaggccgca

gcegt d¥agde! ot fgtbya b aaf‘@adéfét@%sg@ g &@tsacﬁéc%h@g&%%@e gta

t gaaat'Cgct tcggaaaccc agagcgagtt caccaaggta 300 gccgaggctc
aactggccga aggctcgaag aacgtgcaag cgctggtcga gaacctcgcc_360 Page 10
7615541&ﬁ$%?“5aﬁﬂhgggéé&l@@g%@g@'{§1@§gﬁﬁﬁﬁd¥@ ttigferdieg t gaagt cgge
gatctccgct 420 gcCaacaacg cctacga ?c ggt gcagaag gCgaccaagc

aagcggt cga aatcgctgaa 480 accaacttcc aggctgcggc tacggctgcc
accaa@@&t%&fc‘e%'aggc:saé& Aé&g"é‘ac%e&cgz)fssﬁﬂ" Adie 2t gkl bkt §dtaaa
gaagacgacg gctgttgagc tcgagtccga ‘acat gagacc 600 cgtct ggt gg
caaagctatt taaagactac agcagc%tgg t gcggccagt ggaagaccac 660

cgccaddt dgst ayﬁt6atAé@ﬁﬂgqgﬁyﬁktﬁgtﬂgaﬂﬁ@ ggFé fEn&er gt ggat gaa 720
gt aaat caga tCyt gacaac caat gtgcgt ctgaaacagc t gggt gga ttacaaccta 780
aaat ggaat ¢ cagatgacta tggcggtgtg aaaaaaattc acattccttc agaaaagatc 840
t ggcg&ee Sa t Biept Hes Métglsgdﬂéawsgﬁhga*ﬂggg it Etyeyartsi gt caagt t ¢ 900
accaaagt tcctgcagta cactggccac atcacgt cacctccagc catctttaaa 960
agctactgtg agatcatcgt cacccacttt ccctttgatg aacagaactg cagcat gaag
1020 Ag dgfcaldcteyfee ¢ gcfda Algottac Gt ﬁs ¢ clesit 80 aeleﬁg aaag

cgacc&' ca 1080 gaccﬁg gca acttcatgg 5gagcggggag tag gatca

aggagt cccg gggctggaag 1140 cactccgtga cctattcctg ctgccccgac
accccérac@itygae giACGaﬂwab#ﬂéﬂngg9Legfﬁ@t@ﬂh@E&%%?M92210> 17 <211>
2037 <212> DNA <2 Hono sapi ens ™ <400> 17

(-

val Leu Lteu Gln Ala val Arg Gln Pro Leu His Ser Ala Arg His val
180 185 190

Ala His Phe Ser Leu Glu Leu Lys Ash val Leu Leu Gly GIn Ser Glu
195 200 205

Leu Arg Pro Gly Asp Asp Asp Arg Arg Phe Ser Asp Pro Ala Trp Ser
210 215 220

Gln Asn Pro Leu Tyr Lys Arg Tyr Met GlIn Thr Tyr Leu Ala Trp Arg
225 230 235 240

Lys Glu Leu His Ser Trp Ile Ser His Ser Asp Leu Ser Pro Gln Asp
245 250 255

Ile Ser Arg Gly GIn Phe val ITe Asn Leu Leu Thr Glu Ala Met Ser
260 265 270

Pro Thr Asn Ser Leu Ser Asn Pro Ala Ala val Lys Arg Phe Phe Glu
275 280 285

Thr Gly Gly Lys Ser Leu Leu Asp Gly Leu Gly His Leu Ala Lys Asp
290 295 300

Leu val Asn Asn Gly Gly Met Pro Ser Gln val Asp Met Asp Ala Phe
305 310 315 320

Glu val Gly Lys Asn Leu Ala Thr thr Glu 61y Ala val val Phe Arg
325 330 335
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atgat cctca ccccggaaca agttgcagca gcgcaaaagg ccaacctcga aacgctgttc
ggcct gacca ccaaggcgtt tgaaggcgtc gaaaagctcg tcgagctgaa cctgcaggtc
gt caagactt cgttcgcaga aggcgttgac aacgccaaga aggcgctgtc ggccaaggac
gcacaggaac tgctggccat ccaggccgcargoggtOeregc cggttgccga aaagaccctg
gcct acacesy gataectaua cdugbl@atbyayr tﬂo‘gglaaat“tﬁcwrgég gagt¥alcaccaaggt a
gccgagget ¢ aact§Bccga agget cgadd’ aacgt gcaag cgé égtcga gaacct cgcc
aagaacgccc cggccggttc ggaatcgacc gtggccatcg tgaagtcggc gatctccgct
gccaaciaach: aed @egagticL.aygivaic ghage Frga€ivadle Asmdeggthegivraat cgct gaa
accaacttcc 38yctgcgge tacggé’g{bcc accaaggct g3Btcagcaagc cagcgccacg
gcccgtacgg ccacggcaaa gaagacgacg gctgccgagc tcgagatgaa ttcgagctcg
aacaagdaeke asmalkasparrtoasgaacader dleogyigatioy Phgdyaagyasrd t cagaattc
at gagccadff at gt ctcctt gc¥pgcat ca gactcagé% ccctgaagtg tttctcccga
acatttgagg acctcacttg cttctgggat gaggaagagg cagcgcccag tgggacatac
cagct gt gty &hg@haﬂwcﬂgcg‘gagag‘aasgrcmc?ggsm Pge abe ctygagert t cccagagce
at gcct®act ttggaacccg3®t acgt gt gc cagt #¥ccag accaggagg®hgt gegtcetc
ttctttccge tgcacctctg ggtgaagaat gtgttcctaa accagactcg gactcagcga
Page dih Zfdl 94 1kp Tl Lt Tt chi trgr?g achghtd Laggyst@acygliaggct cccccca
gt at cat caa ggccat gyt 1020 gggag gc caggggaact agat cagc
t gggaggagc cagctccaga aatcagtgat 1080 ttcctgaggt acgaactccg
ct at ggrcetu aghgal comasagabetracad vt ggt cyscasy L&A 4Gn igducatacagce
tgattgccac agad@@ctgc tgccctgetd®@stgcagaggee tcdBlcageec 1200
tctgctctgg accagtctcc atgtgctcag cccacaatgc cctggcaaga tggaccaaag
1260 cpagae el s ercaldgthgata ThycthtcalgcthicLgavatody egggymgaag
ctgcctcatc #3820 tcaggactcc 4égcct ggcaa ctcct®4ét gg ctgcagct gc
gcagcgaacc tgatgggatc 1380 tccctcggtg gctcctgggg atcctggtcce
ct ccevgt goa Gegt@gaciat Lgc cygyay atsn14UOrhgthytaddgaan vdlggact gca
atgctttadkottggact gga agéatgttac ct gtcaat“@g 1500 cagcaacagg
accatgctag ctcccaaggc ttcttctacc acagcagggc acggtgctgc 1560

cccagegacau ggh atecehlt Lal ggyapaadint @dga@agg PhagegassaGlwmaat ccagga
1620 465 470 47 480

Lys Thr Leu Glu Ala Ala Lys Arg Arg Ser Tyr GIn Ser Gly val Leu
Y 485 490 495

Glu Gly Lys Asp Met Ala Lys val Phe ala Trp Met Arg Pro Asn Asp
yuy 508 Y 505 510

Leu Ile Trp Asn Tyr Trp val Asn Asn Tyr Leu Leu Gly Asnh Gln Pro
515 520 525

Pro Ala pPhe Asp Ile Leu Tyr Trp Asn Asn Asp Thr Thr Arg Leu Pro
530 535 540

Ala Ala Leu His Gly Glu Phe val Glu Leu Phe Lys Ser Asn Pro Leu
545 550 555 560

Asn Arg Pro Gly Ala Leu Glu val ser Gly Thr Pro Ile Asp Leu Lys
565 570 575

G1n val Thr cys Asp Phe Tyr Cys val Ala Gly Leu Asn Asp His Ile
580 585 590

Thr Pro Trp Glu Ser Cys Tyr Lys Ser Ala Arg Leu Leu Gly Gly Lys
595 600 605

Page 5

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



ctacagaccc cacagttctc tcgctgccac ttcaagtcac gaaatgacag cattattcac
1680 atccttgtgg aggtgaccac agccccgggt actgttcaca gctacctggg
ctcccctttc 1740 tggatccacc aggctgtgcg cctccccacc ccaaacttgc

act ggaggga gatctccagt 1800 gggcagpisag: agitggagtg gcagcaccca

t cgt cotsggy eagadeaagasegasot get &y HE60I1cahtisecdae i@vatdggaga
aggccatc gact ggaagg tgé%bgagcc gcct ctcS%fb 1920 geccgaggag

ggac;:ct gga gctgcgecccg cgatctcget accgtttaca gctgcgegec 1980

aggct paae gty esacoivaLecabygte chetiggagut st Pogtad cerammacttaa 2037
<210>62B8 <211> 44 <243 DNA <213i\ggp 3%?1 2%0029?3 Biftt act cga
gatgaattcg agctcgaaca acaacaacaa taac 44 <210> 19 <211> 40 <212>
DNA sR13M pré NBE ATe400>L40 ctagdht Ligaalyt Laagtit gdg Aspcgaccacg
agctccaggg 40 <2185 20 <211> 25 Q%ib DNA <213>55e§dapter <400> 20
tatggctctg cactagtcac tgcca 25 <210> 21 <211> 24 <212> DNA Page 12

Trp Trp Leu His Trp GIn Gln Trp Leu Ala Glu Arg Ser Gly Lys Thr
660 665 670

Aprg LYS é}g Pro Ala Ser Leu Gly Asn Lys Thr Tyr ggg Ala Gly Glu

Ala Ala pro Gly Thr Tyr val His Glu Arg
690 695

<210> 12

<2131> 744

<212> PRT

<213> synthetic

<400> 12
Met Thr Leu GTn Ile His Thr Gly Gly Ile Asn Leu Lys Lys Lys Asn
i 5 10 15

I7e Tyr Ser Tle Arg Lys Leu Gly val Gly Ile Ala Ser val Thr Leu
20 25 30

Gly thr égu Ley Ile ser Gly géy val Thr Pro Ala ﬁga Asn Ala Ala

GIn gis Asp Glu Ala val égp Asn Lys Phe Asn E%s Glu Glin Gin Asn
150 _

Ala Phe Tyr Glu ITe Leu His Leu Pro Asn Leu Asn Glu Glu Gin Arg
65 70 75 80

Asn Ala Phe Ile g;n Ser Leu Lys Asp ggp Pro Ser Gln Sser gla Asn

Leu Leu Ala Glu Ala Lys Lys Leu Asn Asp Ala Gin Ala Pro Lys val
100 105 110

Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu Ile Leu
115 120 125

His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn Ala Phe Ile Gin Ser
130 135 140

Leu Lys Asp Asp Pro Ser Gin Ser Ala Asn Leu Leu Ala Glu Ala Lys
Page 6
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agca 24

<213> ol i gonucl eoti de

t aat t 1536
t aat acgact

Lys

val

Glu

Ile

Leu

225

Phe

Pro

Pro

Leu

305

Asn

Gly

Asn

Gly

val

385

Arg

Asp

Leu

Pro

Leuy

Gly

210

Gln

ser

Gly

Leu

His

290

Gly

ser

LysS

Asn

Lys

Leu

Pro

Leu

<213> adaptor reverse <400> 21 tatggcagtg actagtgcag
<210> 22 <211> 33

ggact agt at gaccatgatt acggattcac tgg 33

<212> DNA <213> ol i gonucl eoti de
<210> 23 <211> 36
<400> 23 e¢gmshagtit tttgacacca gaccaactgg

<210> 24 <> 20

His

Pro

195

Ile

Ala

Leu

Asp

TYTr

275

ser

Gln

Leu

ser

Glu

Leu

Ser

Met
180
LyS
Arg

val

Glu

LyS

Trp

Phe

s5er

Leu

340

Gly

Leu

Leuy

Leu

Pro

His

G1in

Gly

Arg

Leu

245

Asp

Arg

Ile

val

AsSn

325

Leu

Met

Ala

Ile

val

405

AsSp

His

Ala

Lys

Gin

230

Lys

‘AI“Q

TYyr

Ser

Ile

310

Pro

Asp

Pro

Thr

Gln

390

val

Lys

His

Ala

Asn

Arg

Met

His

295

Asn

Ala

Gly

sar

Thr

375

TYr

Pro

Ser

His

Glu

200

L.eu

L.eu

val

Phe

Glin

280

Ser

Leu

Ala

Leu

Gin

360

Glu

Arg

Pro

Leu

His
185
Asn
Leu
His
Leu
Ser
265
Thr
Asp
l.eu

val

Gly
Pro
Gln

Ala

His

Thr

Thr

Ser

Leu

250

Asp

TYr

Leu

Thr

Lys

His

Asp

Ala

Ile

Ile

410

Arg

sar

Leu

Ser

Ala

Gly

Pro

Leu

ser

Glu

315

Arg

Leu

Met

val

Thr

395

Asn

Phe

page 7

Gln

AsSn

Ala

220

Arg

Gin

Ala

Ala

Pro

300

Ala

Phe

Ala

Asp

val

380

Glu

Lys

cys

Lys

Leu

205

Arg

His

Ser

Trp

Trp

285

Gln

Met

Phe

Lys

Ala

365

Phe

ser

phe

Leu

Asn
190
Asn
Met
val
Glu
ser
270
Arg
Asp
ser
GHu
Asp
350
Phe
Arg
val

TYr

Arg

175

ASn

Pro

val

Ala

Leu

255

GlIn

LYS

Ile

Pro

Thr

335

Leu

Glu

AsSn

His

val

415

Asn

<212> DNA <213> T7 prontfiler
cactataggg 20 Page 13

Asn Asp Ala Gln Ala Pro Lys val Asp Ala Asn Ser Ser
165 170

Ser

ASN

val

Leu

His

240

Arg

Asn

Glu

Ser

Thr

320

Gly

val

val

Asp

Glu

400

Phe

Gly

<400> 22
<212> DNA

<400> 24



val

Glu

val

465

Cys

Ser

AsSp

Leu

LyS

545

Trp

Phe

teu

Pro

Thr

625

Trp

Phe

Gly

Pro

ser

Gly

Phe

Glu

530

Asp

Asn

Asp

His

Gly

610

cys

Glu

Ile

Asn

Lys

Thr

435

Gly

Leu

Gly

Glu

Glu

515

Ala

Met

Tyt

Ile

Gly

595

Ala

ASp

ser

Leu

Pro

675

Ala

420

Phe

Leu

ser

Gly

Lys

500

Leu

Ala

Ala

TrR

Leu

580

Glu

Leu

Phe

cys

ser

660

Lys

Trp

Tle

Thr

Ile

Ile

485

Lys

Asn

Lys

Lys

val

565

Tyr

Phe

Glu

Tyr

TYyr

645

Asn

Ala

Leu

val

Thr

Thr

470

Thr

val

Thr

Arg

val

550

Asn

Trp

val

val

cys

630

Lys

Ser

Arg

Glu

ser

Tyr

455

Gly

Thr

Asn

Gin

Arg

Phe

Asn

Asn

Glu

ser

615

val

ser

Gly

Phe

Gin

ser

Ala

Ala

val

520

ser

Ala

Ty

ASn

Leu

600

Gly

Ala

Ala

His

Met

680

Ala

761554 _1.TXT

425

Arg Asn Pro Thr

Glu

Lys

Thr

Phe

505

Ala

Tyr

Trp

Leu

ASp

585

Phe

Thr

Gly

Arg

Ile

665

Thr

Gly

Ala

Asp

Leu

490

Thr

Leu

Gln

Met

Leuy

570

Thr

LYS

Pro

Leu

Leu

650

GIn

Asn

Leu

Leu

475

val

GIn

Phe

Ser

Arg

555

Gly

Thr

Ser

ITe

Asn

635

Leu

ser

Pro

LYyS
460
Asnh
Gly

l.eu

Ala

Ash

Arg

Asn

Asp

Gly

Ile

Glu

Lys His Ala

Page 8

Lys

Glu

Leu

His

val

Asp

525

val

Asn

Gln

Leu

Pro

605

Leu

His

Gly

Leu

Leu

685

Asp

430

sSer

Ala

Leu

TYIH

ser

510

Glu

Leu

Asp

Pro

Pro

590

Leu

LyS

Ile

LyS

Asn

670

Pro

Ser

Gin

Ile

Gly

val

495

val

Lys

Glu

Leu

Pro

575

Ala

Asn

Gln

Thr

cys

655

Pro

Ala

Trp

Alg

Glu

Ala

480

Ala

Leu

Thr

Gly

Ile

560

Ala

Ala

Arg

val

Pro

640

Glu

Pro

Glu

Trp



690

Leu His Trp Gln Gln

705

Ala pro Ala Ser Leu

695

710

725

pro Gly Thr Tyr val His Glu Arg
740

13
28
DNA

<210>
<211>
<212>
<213>

<400> 13
gcactagtat

<210>
<211>
<212>
<213>

<400> 14
taactagtct

14
23
DNA

<210>
<211>
<212>
<213>

<400> 15
atgaccacgg

15
DNA

caggtcicag
ttcatcgtga
aacgccgaga
agcggcaccy
gcgaccacgt
ctactgacct
accttcacca
aacaacggca
gcttccacgce
gccacatggc
gcgtecggea
ggtgatatcc
ggcaaggccg

accaacctcc

primer

gaccacggic

primer

gctgaacggce

2286

synthetic

tctegattac
cecgeecgagge
ccgeggacge
gcegetacgt
cceteggrtg
ggagcggcca
ccggeaccac
aggtgaagec
acccgetega
aggaaggcaa
tggaatggtc
ttccaggect
agcagcgcta
aggceaccegg

catatcgctt

tegattac

grc

ggccageget
cggcatcacc
cgacggcgcc
cctgaccggt
gacggtggcc
gtacgtcgge
cgaggccaac
grecgecgec
cgccgttcag
gtccecaacca
cecgecagtgy
ggatgcgcetg
catgaaggac
tcegetgeac

cgctgcegcy

761554_1.TXT

tcggcagace
ggcacctggt
ctgaccggaa
cgttacgaca
tggaagaata
ggcgccgagy
gcctggaagt
tccatcgacg
cagactagtg
ttcaaggtca
cagggcactg
gcaggegtcea
ttctcagege
gaccggcegcet

tictacctge
Page 9

700

Trp Leu Ala Glu Arg ;ig Gly Lys Thr Arg

cctccaagga
acaaccagct
cctacgagtc
gegeccegge
actaccgcaa
cgaggatcaa
ccacgctggt
cggcgaagaa
cgaccggcaa
cgccggggec
aaggcaacgd
agatcgcgec
tgtggcaggc
tcgecggega
tcaatgcgcg

Lys
720

Gly Asn Lys Thr ;33/5 Pro Ala Gly Glu Ala Ala

735

ctcgaaggcec
cggetegacc
ggcegtegge
caccgacggc
cgeccactee
cacccagtag
cggccacgac
ggccggegtc
aggcgcggea
attcgatcca
€cacgcggec
ggcgcagetg
catggcegag
cgcatggege

cgeettgace

28

23

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



gagctggccg
tcgcaatggg
cgcctgetga
gacctgacac
gtcgcggtga
aagccgctga
aagtactaca
ggacatacgg
tgggacgact
ggccaggaca
ctggcggtgc
ctgctggact
ttgcgegagg
gagctggcca
gacaactacc
gccaccaacc
gagctcaagg
gacgtgccga
‘tatacctega
atcgeeggtyg
ctgccggagt
ccggactgga
tatggcaatg
gcatga
<210>

<211>

<212>

<213>

<400> 16
atgatcctca

16
DNA

gacctgacca
gtcaagactt
gcacaggaac
gcctacacce

gccgaggetc

atgccgtcga
tcgatgegat
tcgagtcggg
gcggcaagat
ccgaaggegc
ccgacaaggt
tcetggacct
Tgtttctggt
acatcgagca
agatcaacgt
tggccgcgcg
ttgccgacac
ccacgctggg
ataccttctc
tgaagggcaa
‘tgccggggee
taccgggcaa
cctatatcta
ccgegetget
tgatcéaccc
cgccgeagea
ccgcatgget

cgcgcetatcg

1209

Homo sapiens

cceccggaaca
ccaaggecgtt
cgttcgcaga
Tgctggecat
gccacctgta

aactggecga

ggccgatgec
gtcgccegec
cggcgaatcg
ctcgcagacc
cgtggtcttc
gcacgcgege
gcagccgaay
gtcgtggege
cgcggecatc
gctcggettce
cggcgageac
gggcatccte
cggcggcgec
gttcttgecge
cacgceggtyg
gtggtactgc
gctgaccuaty
cggctcgege
ggcgaacaag
gceggccaag
atggctggec

ggccgggeag
cgcaatcgaa

agttgcagca
tgaaggcgtc
aggcgttgac
ccaggccegea
tgaaatcgct

aggctcgazagd

761554_1.TXT

aagacccgec
aacttccttg
ctgegtgeeg
gacgagagcy
gagaacgagt
ccgctgctga
agctcgetgg
aatccggacq
cgcgecateg
tgcgtgggcy
ccggeogeca
gacgtctttg
ggcgcgecgt
ccgaacgacc
cegttegace
tggtacctgc
tgcggcgtge
gaagaccata
ctgecgettcg
aacaagcgca
ggcgecatcg
gceggegega
ccegegectg

gcgcaaaagyg
gaaaagctcg
aacgccaaga
gcegtgeagce
tcggaaaccce

aacgtgcaag

Page 10

agcgcatceg
ccaccaatcc
gcgtgcgcaa
cgtttgaggt
acttccaget
tggitgcegec
tgegecatgt
ccagecatggce
aagtcgegcy
gecaccattgt
gcygtcacgct
tcgacgagag
gcgegetget
tggtgtggaa
tgctattcty
gcecacaccta
cggtggacct
tegtgeegty
tgcetgggtge
gecactggac
agcatcacgy
aacgcgcege

ggcgatacgt

ccaacctcga
tcgagctgaa
aggcgctgtc
cggtigccga
agagcgagtt
cgctggicga

cttecgegatc
cgaggegeag
catgatggaa
cggccgeaat
gttgcagtac
gtgcatcaac
ggtggagcag
cggcagcace
cgacatcagc
ctcgaccgeg
gctgaccacy
ccatgtgcag
gcgeggectt
ctacgtggtc
gaacggcgac
cctgcagaac
ggccageatce
gaccgeggec
gtcgggecat
taacgatgcg
cagctggtag
gceccgecaac

caaagccaag

aacgctgtic
cctgcaggrte
ggccaaggac
aaagaccctg
caccaaggta

gaaccicgcc

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2286

60
120
180
240
300
360



aagaacgcecc
gccaacaacg
accaacttcc
gcecgtacgg
cgtctggtag
cgccaggtcg
gtaaatcaga
aaatggaatc
tggcgeecay
accaaagtgc
agctactgtg
ctgggcacct
gacctgagca
cactcegtyga

gtcatgtag

<210> 17
<211>
<212>

<213>

<400> 17
atgatccteca

DNA

ggcctgacca
gtcaagactt
gcacaggaac
gcctacaccece
geegaggcetce
aagaacgcec
gccaacaacg
accaacttcc
gcccgtacgg
aacaacaaca
atgagccaag
acatttgagg
cagctgctgt
atgceccact

ttettteege

2037

cggccggttc
cctacgagtc
aggcrtgcggc
ccacggcaaa
caaagctatt
tggaggtcac
tecgtgacaac
cagatgacta
accttgttet
tcctgcagta
agatcatcot
ggacctacga
acttcatgga
cctattecty

Homo sapiens

ccceggaaca
ccaaggcgtt
cgttcgcaga
tgctggecat
gccacctgta
aactggecga
cggeceggtic
cctacgagtc
aggctgcgge
ccacggcaaa
acaataacaa
atgtctectt
acctcacttg
atgcctaccc
ttggaacccg

tgcacctctg

ggaatcgacc
ggtgcagaag
tacggctgec
gaagacgacg
taaagactac
cgtgggcctg
caatgtgcgt
tggcggtgty
ctataacaat
cactggeeac
cacccacttt
cggctctgtc
gagcggggag
ctgcececgac

agttgcagca
‘tgaaggcgtc
aggcgttgac
ccaggccgea
tgaaatcget
aggctcgaag
ggaatcgacc
ggtgcagaag
tacggctgec
gaagacgacg
taacaacaac
gctggcatca
cttetgggat
gcgggagaag
atacgtgtge
ggtgaagaat

761554 _1.7XT

gtggccateg
gcgaccaage
accaaggctyg
gctgecgagce
agcagegtag
cagctgatac
ctgaaacagc
aaaaaaattc
gcagatggtg
atcacgtgga
ccctttgatg
gtggccatca
tgggtgatca

acccectacc

gcgcaaaagg
gaaaagctcg
aacgccaaga
gcegtgeage
‘tcggaaaccc
aacgtgcaag
gtggccatég
gcgaccaage
accaaggctg
gctgecgage
ctcgggateg
gactcagagc
gaggaagagg
ccecgtgcett
cagtttccag

gtgttcectaa
page 11

tgaagtcggc
aagcggtcga
cccagcaage
tcgagtccga
tgcggecagt
agctcatcaa
aatgggtaga
acattccttc
actttgctat
cacctccage
aacagaactg
acccggaaag
aggagtcccg

tggacatcac

ccaacctcga
tcgagctgaa
aggcgctgtc
cggttgccga
agagcgagtt
cgctggtcga
tgaagtcggc
aagcggtcga
cccagcaagce
tcgagatgaa
agggaaggat
ccctgaagtg
cagcgcccag
gceccectgad
accaggagga

accagactecg

gatctccgcet
aatcgctgaa
cagcgccacd
acatgagacc
ggaagaccac
tgtagatgaa
ttacaaccta
agaaaagatc
tgtecaagttc
catctttaaa
cagcatgaag
cgaccagcca

gggctggaag

ctaccacttc

aacgctgttce
cctgcaggte
ggccaaggac
aaagaccctg
caccaaggta
gaacctcgec
gatctcecget
aatcgctgaa
cagcaccacg
ttcgageteg
ttcagaattc
tttctecoccga
‘tgggacatac
tteccagage
agtgcgtctc

gactcagcga

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1209

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900

. 960



gtcctctttg
gggagccage
ttcctgagogt
gtcatacagce
tctgetctgg
cagacctccc
tcaggactcc
tceeteggtyg
gcagtggeac
cagcaacagy
cccagagaca
ctacagaccce
atccttgtag
tggatccacc
gggcatetyy
caactccgat
gcccgaggag
aggctcaacyg
<210>
<211>
<212>
<213>

<400> 18
ggctactcga

18
44
DNA

<210>
<211>
<212>
<213>

<400> 19
cagcttcgaa

19
40
DNA

<210>
<211>
<212>
<213

<400> 20
tatggctctg

20
25
DNA

<210> 21
<211> 24
<2172> DNA

tggécagtgt
caggggaact
acgaacteccg
tgattgccac
accagtctec
caagtagaga
agcctggcaa
gctcctgogg
ttggactgca
accatyctag
ggtaccccat
cacagtictc
aggtgaccac
aggctgtgcg
aattggagtg
acacaggaga
ggaccctgga

gccccaccta

primer

gatgaattcg

primer

ttaagttggg

adapter

cactagtcac

aggcctgccg
tcagatcagc
ctatogececc
agaaacctgc
atgtgctcag
agcttcagcet
ctcetactgg
atcctggtcc
atgctttacc
ctcccaaggce
ctgggagaac
tcgetgecac
agccccgggt
cctccccace
gcagcaccca
aggccatcag
gctgegeceg

ccaaggtccc

agctcgaaca

tccgaccacg

tgeea

761554 _1.TXT

gcteecececa
‘tgggaggagc
agagatccca
tgccetgetc
cccacaatgc
ctgacagcag
ctgcagctgc
ctcectgtga
ttggacctga
ttcttctacc
tgcgaagagg
ttcaagtcac
actgttcaca
ccaaactitge
tegtectogg
gactggaagg
cgatctcyct
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