-1- Process for the production of biodegradable, functionalised

pol ymer particles and use thereof as pharmaceutical supports The
present invention relates to a process for the production of

bi odegr adabl e, 5functionalised polyner_qparticles and to the use

t hereof as pharnmaceutical supports. Background of the invention The
e e Sedt lHhY pAbilS: L IGE SRS, AERADESI PR e DG I NN
active ingrlﬁgl'ﬂ@mo‘faygnslnadceu{i‘fa@g!m@-{sy 10able to exert their full
action only at a specific location and are ineffective at other

| ocations or even have negative effects there. The latter

particul arl | M\Qﬁﬂ pabat 1) : ny’ din
parti cul ar %gﬁ{(%gédé?}@econ ief[il ons %ﬂ(?g%? ?ﬁ%ﬁrﬁﬂ%ﬁéﬂ@ﬂ%ﬁ%ﬁaﬁ%@%ous
syst em5 CNE)nctidiaOeet gpdyrdergmeivizs endfo théresedhdréofas pharmacantical kuppayts.occur
on transport of active ingredients in the body is the bl ood-brain
bather (BBB). Active ingredients destined for the CNS nust first

cross thi s Hagkdb@id-of ¥ igvéagbywor k of bl ood vessels and cells protects
the CNS and prevents non-wat er-sol ubl e substances fromentering the

CNS. Fat - s@hapffectivensss effeaty achye Bgredicatn depsndavnanyvhsthes they agughsnorted
barri oo by s oiall ; =
orer | howsy SRS 8 el s AL hARAN HErclicATHRN e RUTLATP

i ons. lidowewBle to eiendbeir fullracdoramby &t a spedific tdeativnfdamfineffdctineatiother

di scovered nedici nes destined f t he re not. er-sol ubl e, they
Cannot - cr odaters cBgRenE BeRa e rHS e A0R R PPIPR JAPPOR o5 Th <
exanpl e i s chiabARsEnt@oid donditibt &d‘irh?‘arﬂhflir‘ chttekdu SonHiidil oBRYriRER ke
during transport of active ingredients in the aninmal organism In the
case of theemBBneryes spstemtC¥S).i t has been attenpted to nake it nore
perneabl e to active ingredients by nodifying the nenbrane's

perneability. Pernmeability of the BBB to active ingredients may, for
exanplie, b®naghédaadiphyofahd difficoltieb Which nayeasirog taaspotti of agivessgredients

by adm ni stegi 30hr i.ni n_anal S.. Sanovich et al .. (Sanoyich,
e ot el s Pl e biduskbralpymntes BRI asve Bptediend dedapd ke lheaie <
have, for exaffkoroRdeWBBatieaTRE nbikorieaBRcodRkMRAdl Ickllpretects iR ABRB t O
| ant hanum by si nul t aneous admi ni stration with the braﬁyl cinin

anal ogue Refd prevepisanoheirderfohibld substansas Bipm ggieriag theS¥s- Fat-1ohblBBB by
one of the s%%gés%gﬁgtﬁﬂghtfomardly pass through this barrier by simple diffusion. Active
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substances and ions. However, since, for example, more than 98% of all newly
discovered medicines destined for the CNS are not water-soluble, they cannot cross the

BBB and thus cannot reach their target site.

25 This example is infended to illustrate the difficulties which may occur during transport
of active ingredients in the animal organism. In the case of the BBB, for example, it has
been attempted to make it more permeable to active ingredients by modifying the
membrane's permeability. Permeability of the BBB to active ingredients may, for
example, be achieved by artificially increasing osmotic pressure or by administering

30  bradykinin analogues. Sanovich et al. (Sanovich, E. et al., Brain Res. 1995, Vol. 705(1-
2), pp. 125-135) and others have, for example, demonstrated increased permeability of
the BBB to lanthanum by simultaneous administration with the bradykinin analogue

RMP-7. One fundamental disadvantage of opening the BBB by one of the above-stated
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determ ne particle size. However
emulsions, w/o/w emulsions or phospholipid vesicles), to which the pharmacentical

substances are aftached, are used to transport these substances into the CNS.

20
Another critical factor in the transport of nano- and microparticles through a membrane,
and in particular the membranes of the BBB, is the size of the polymer particles.
Previous research results show that polymer particles up to a size of 270 nm are capable
of getting through the BBB (Lockman, P.R. et al., Drug Develop. Indust. Pharmacy

25 2002, Vol. 28(1), pp. 1-12).

It is thus important for the polymer particles used to be of a specific size. ?According to
Lockman (Lockman, P.R. et al., Drug Develop. Indust. Pharmacy 2002, Vol. 28(1), pp.
1-12), the size of the polymer particles produced by the above processes is generally

30  determined by photon correlation spectroscopy. This method, which is based on
Brownian motion, measures the polymer particles with a laser beam, the time

dependency of light variation being used to determine particle size. However, this



anal ytical method for the subsequent determ nation of the size of the
pol ymer particles produced is very time-consum ng and costly. The

obj ect of the present invention is to provide a rapidly usable, |ow
cost production or 5transport system for biologically active

subst ances which permts effective and reliable production or
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cultivated cells to produce a composition comprising polymer particles having surface-

bound proteins.

Another aspect of the invention relates to an in vitro process for producing polymer

25 particles having surface-bound proteins, the process comprising A) providing a solution
suited to polymer patticle formation comprising at least one substrate. B) introducing
into the solution one or more fusion proteins, the fusion proteins comprising a polymer
synthase and (a) one or more binding domains capable of binding one or more
biologically active substances or one or more coupling reagents or a combination

30 thereof; or {b) one or more biologically active proteins, or (¢} a combination thereof, the
polymer synthase of the fusion protein comprising a polymer particle binding domain,
and C} maintaining the solution suited to polymer particle formation so that the fusion

protein produces polymer particles, wherein the polymer particle binding domain of the
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Described is a nucleic acid molecule encoding a fusion protein comprising a polymer
synthase and one or more binding domains or one or more biologically active proteins
or a combination thereof, wherein (1) the binding domain is selected from one or more
25 enzymes, one or more abzymes, one or more non-catalytic proteins or one or more
antibodies, one or more FLAG epitopes, one or more cysteine residues, ora
combination of any two or more thereof, (2) the biologically active protein is selected
from one or more oligopeptides, one or more enzymes, one or more abzymes, one or
more non-catalytic proteins or one or more antibodies, one or more FLAG epitopes, one

30  ormore cysieine residues, or a combination of any two or more thereof.

Described is an expression vector comprsing a nucleic acid of the invention.



In the description in this specification reference may be nmade to
subject matter which isnot within the scope of the clains of the
current application. That subject matter should be readily
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biologically active substances.

Described is a process involving introducing at least one inducible gene into a
microorganism, wherein the gene codes for a protein which controls the size of the

25 polymer particles, and culturing the microorganism with induction of the above-stated,
at least one inducible gene in a culture medium under conditions which are suitable for

the production of the biodegradable polymer particles by the microorganism.

By means of these processes, it is possible to produce biocompatible, biodegradable

30 polymer particles which are suitable for transporting biologically active substances and
wherein, by optimally controlling the size of the polymer particies formed, said particles
may be produced as required in the desired size. Due to the controlled production of

polymer particles of a specific size, the yield of polymer particles of the desired size is



m croorgani sns. The average size of the polyner particles naturally
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30 In order also to be able to use this advantageous process in microorganisms which are
more suited to biotechnological cultivation (for example certain forms of E. coli, which
are classified as GRAS organisms) but, due to their genetic makeup, are unable to form

the above-stated polymer particles, at least one further gene which codes for a protein
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|
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i nfluenci pg F@rﬂ&ﬁ@@emmhm cdda€orIRb e InvERed hpthemefaemmshwayw Vo
to |ntroduce into the cell at |east one additional gene whi ch codes

for a thi dovrids fermation of thegrohmesr pasliglenmay havathiffrpatrsubstiaty spembisitieh o
speci fici

di fferent tf%!rrl}?ée]?enggtl %%ﬁgﬁg%% nafmgc %ﬁgg%@ﬁ] uﬁgﬁlﬁrﬁ ﬁﬁ&# ? %llrdgrntto
conpcXi t i emerbd pml’peseﬁmnfdeMWhmubstwt@ anfl mdbeujeainvolved in thia éormatierci pl e
under | yi ng h‘i [)roduarhl on of these polyner particles is illustrated
by way of 5 rPByé“efR Sﬁre 2. Activated precursors for biosynthesis
of the polymers nay in 15principle be derived fromthe central

met abolites acetyl CoA or frominternedi a} es of the primar tabolic

pat hways t T grdey "PraHP\é‘ pesfluption 9tihe golyperpartisles i MigroQsgAnisms, $he Xﬁ% fatty

aci d bi osyffiliesdiine geads Er &M R5ribed ﬁ%ﬂxﬂﬁ%cﬁb@ﬁxbﬁﬁavelafm&ﬁﬁé&’faﬁ&héié are
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3- hy droxy asjabotiam)all thatiierequeiesdy epagtdroge the whleest opy wdugible genef wiriclpegties
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Depending on which organism is used, further genes may be introduced into the cell in

order to enable production of the polymer particles under the stated conditions. If a cell
does not contain all the genes required for formation of the polymer particles,

30 production of the polymer particles may nevertheless proceed if the intermediates
produced by the missing proteins are supplied to the cell via the nutrient medium. At
least one polymer synthase is, however, always required for formation of the polymer

particles.



20 Particle size is controlled in that the at | east one inducible
gene which codes for a protein which controls the size of the polyner
particles is derived fromthe famly of phasin-like proteins and is
preferably selected fromthe ginp comér_i sing the phasin gene phaP
from Ral stonia eutropha and the phasin gene phaF from Pseudononas
250l eovorans. Phasins are anphiphilic proteins with a nol ecul ar

wei ght of 14 to 28 kDa which bind tightly to the hydrophobic surface
of the polpreRfopeaiet bEhE polyRel yaildlesiadyl BebihBFenbed By @netbliihg RN _
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| east one fat.t cid with functional gid roups.i.s preferably
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of the polymer particles, with at | east one hydroxy fatty acid and/or
at | east one nercapto fat t%q acid and/or at _|east one d3- 1 Qam no

fatty aci dhpariniplauadarlyingthe pedustion pthaw polies erdiclss isiiuatmated by way
with funct.i 1 upsS: . oy
unsat ur at ShopmShITedl 2 AivaBR R eit® (- RTph AL ARHESHED P
f unctlisonalpris¢iple bgdenined finlm thh centm] melabaitexchcbiybGo A loe frgmdnternesiigiesiofi Ng
met hyl graqups, alk toups, hydroxyl oups, .phenyl .groups,
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al dehyde @itguRR biksihBeds, AP Fombmnifs Red metBsIRE,. HakPLIW arghRdAS the
O0-ester groups, thioester, groups, carboxylic acid am deﬁgr oups,

( : X Y
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speci 11 ci Paay® (anuotitin o w8 o0 e ofe HebdoE e Wit SRS i 11 ons
present i prdidif whithicositeolieisizaodhe §blymkLparta&lek is derived from the family of

phasin-like proteins and is preferably selected from the group comprising the phasin

gene phaP from Ralstonia eutropha and the phasin gene phaF from Pseudomonas
25 oleovorans. Phasins are amphiphilic proteins with a molecular weight of 14 to 28 kDa

which bind tightly to the hydrophobic surface of the polymer particles.

Polymer particles with a different composition of the polymers forming them exhibit
different mechanical properties and release biologically active substances, in particular
30  pharmaceutical active ingredients, at different rates. For example, polymer particles
composed of C6-C14 3-hydroxy fatty acids exhibit a higher rate of polymer degradation
due to the low crystallinity of the polymer. An increase in the molar ratio of polymer

constituents with relatively large side chains on the polymer backbone usually reduces



251 n order to achieve still nore accurate control of the size of the
pol ymer particles fornmed, the substrate is added to the culture
mediumin a quantity such that it is sufficient to ensure control of
the size of the polyner particles. Thigs yields an additional
possibility for exerting still nore effective control over particle

i ze. 30The micr. i dto f t | particles.in th
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ot abor | st Rt ouldeliken bk SLEEq ot Aul slbvarlh hssssiie ¢ ne
cul ture nBEdLLER fatddacidseohtaRihefondRhil el ghdups RAIH RS seRafell fiohhe Pioup he
protei ns which have been expressed by the genes whi ch have_ been

i nt r oducedompriging methybgrpups) alky saips ey despybgrauasnghep ) groups, spihydryd es

fromthe ,SHEE!, ) i J LhLper se
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20 The shell menbrane consisting of proteins and |ipids of the

pol ynmer particles produced according to the invention may al so be

modi fi ed iieQf Bekulshatei Relerhifed BE1HRALSIA ERpRIRRGHE HRMiCch are
nore favourable to the transport of the active ingredients in the
body.20To wkipsrtisndf the phlymetiparagles; whisbareidilomeedotls gentticadly by thduse of
pol yrrer p%’iftfelrgnlt %éne's Which code for proteins with different substrate specificity and by the
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used.

25 In order to achieve still more accurate control of the size of the polymer particles
formed, the substrate is added to the culture medium in a quantity such that it is
sufficient to ensure control of the size of the polymer particles. This yields an additional

possibility for exerting still more effective control over particle size.

30  The microorganism used to form the polymer particles in the process according to the
invention is selected from the genera comprising Ralstonia, Acaligenes, Pseudomonas
and Halobiforma. The microorganism used is preferably selected from the group

comprising Ralstonia eutropha, Alcaligenes latus, Escherichia coli, Pseudomonas fragi,



25separated fromthe polyner particles obtained in the process

according to the invention and is replaced by a lipid |layer of a
different conposition. Wen replacing the lipid layer by a |lipid
| ayer of a different conposition, the @[operties of the new lipid

| ayer which are of significance are those having an influence on the
30transport of the pol r particles throygh,a biol ogi cal nmenbrane.
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L. et al., J. Phannacol. Exp. There. 1999, Vol. 291(3), pp.
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addition tp the lipids, it is,alsqo _possible to . rernove t.he proteins
ocat ed oG RsrsE s cappotpradus (hE lbAtiiey et b Topty e potlimes bt
of palgynerdusywy digeent MptabitisMgld such eddey are ntOsiaay abselaeedrgaddes t@ihd t o
repl ace thep1m%%g,functionalised proteins. Naked polymer particles
may in t hiceltygmediumpandarethen sonverted intorRolwies Partiges P: ieiparteins which
possi bi | i th'aﬁ‘ébé_éﬁ'e eREELPRR GEAR $Hhidhhald HhErddtiiho e Q.  Pol ymer
particles obtained fromthe mcroorganismH haloterrestris are
particularly suitable for this type of nodification. 15Dependi ng on

R R e e

controlle nduci c ner at
the pd yneisngadcd inpbese knownerhnia\wfd theoBret particles drd tHet Begaeat@l fiorh the

preferably of 1 rimto 900 rimand particularly preferably of 10 nm
Do 100 nmeel Aetisisepsiaciranse of the s bandraticlst otpadipaiis menmer i beon,

this size jGRaEOhiIMBNhRLSRE Den B EMES, MEheO MreRdhilBBedidon
availability of a 20substrate in the culture nmedi umor by conbining

t he two nebieaiography Podensiegrpdieniosetsifugtion frscleshiie pelymgr paséclesoifyirer
particles R5EQ g&gd using the process according to the invention, it
is necessary Tof the at | east one inducible gene introduced in the
proceds which codes for a protein which controls the size of the

pol ymer particles 25to0 conprise a pol r.particle bindi.ng donain and
e 1 cast " GhE SR TR R AT e, araLtis Saieich of Bisqo Damee PRFA RGOSt n
i's capabl gc®ftdiRg RhéBivantidh PhaGl s Ve moddEddiiy BrdsHRSMPRE R RO PHrBEle
coupling reagent. It is likew se particularly preferred for the at

| east one Prapertise Phigh aee mepre &y oswliedo thertraasporta dienagting ingredépntsin hee
formati onyghy H38niPehd TBibid layer located on the surface of the polymer particles is
25 separated from the polymer particles obtained in the process according to the invention

and is replaced by a lipid layerof a different composition.

When replacing the lipid layer by a lipid layer of a different composition, the properties
of the new lipid layer which are of significance are those having an influence on the

30  transport of the polymer particles through a biological membrane. If the lipid layer of
the shell membrane matches the lipid layer of the target membrane, better particle
uptake may be observed (Fernart, L. et al., ]. Pharmacol. Exp. There. 1999, Vol. 291(3),
pp- 1017-1022). The lipid layer of the polymer particles may accordingly be removed



particles to conprise a polyner particle binding donain and at | east
one bi ndi ng 30domai n, wherein the at |east one binding domain is
capabl e of binding a biologically active substance and/or a coupling
reagent. -12- A "binding donain" dg§?gnates that part of the protein
which is obtained by genetic nodification of the at |east one

i nduci bl Lously,.introduced jnto th L1, / f .the at
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i ntroduced into the cell and/or of the at |east one further gene
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I nvol ved | rgﬁ{ C f | O t he
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geneld ¢ mtaed detapentsgndas sephics themapdbfuactivhalxed gratgind Nakalpodahdry acti ve
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bt ai ned ERFULS TYOAL0E FBRAG be PREBLI HUFOBAT HPURELion PO S g

modi fyi NGark BRREAQLS bRGtel @&ﬁi@éﬂo@.@oﬂﬁﬁer?ﬂfﬁfc&ﬁ;%bfﬂn%@ﬁ@ﬂ%’é ing reagents
(el: Exanple 8). A "coupling reagent” for this purpose is an .

i nor gani chigroosgagism 2. hadnigrsesfiés anmpaticulalymitable itls Hpe obmadifiagiono
itself a biologically active substance or further coupling reagents

on one side and the binding domain on the other side. This structure
makeks5 it DPeeadibg en the spbsegeatapplitdtiof ofithi ipolyader patiglee pagtialesizeies whi ch

are suitable faor transporting biologically activ bst ances. .The
Mol ymer -sgarolicty by HR s el seip el aBrgnes el e DBt pureiets o
prot ei n' Wohkdd 1R0eh iRfetel of 10 dth BB (1@, hdrably of 1 nm to 900 nm and
particularly preferably of 10 am to 100 nm. In one particular embodiment of the present
invention, this size control may also be achieved by controlling the availability of a

20 substrate in the culture medium or by combining the two mechanisms.

For the purposes of funétionalising the polymer particles produced using the process
according to the invention, it is necessary for the at least one inducible gene introduced
in the process which codes for a protein which confrols the size of the polymer particles

25 to comprise a polymer particle binding domain and at least one binding domain,
wherein the at least one binding domain is capable of binding a biologically active
substance and/or a coupling reagent. It is likewise particularly preferred for the at least
one further gene which codes for a protein involved in the formation of the polymer
particles to comprise a polymer particle binding domain and at least one binding

30  domain, wherein the at least one binding domain is capable of binding a biologically

active substance and/or a coupling reagent.



hydr ophobi ¢ surface of the polyner particles. The polynmer particle
domai n whi ch conprises part of a protein bound on the surface of the
pol ynmer particle is here selected fromthe group of proteins which
conprises a polyner depol ymerase, a pobyner regul ator, a polymer
synt hase and a particle size-determning protein. These proteins
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di scover ed%bttel?ﬁéd bBr;&eﬁetQQH&hiﬁ&ﬂ&‘P,tar@ﬁs Bﬁﬁ@@ﬂaiﬁ&i iBf&ﬁich £9f the
l'e pol t her ng

bi odegr ada mer particle el y denat ur eagents, such as
f or ekanplsbstanses andiod goherdipl reagérfin (The pBIBE, domamanaypisorhedibtamed after

20hydr ochl gri d i thiothreitol : i i dic.candi ti .
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A "coupling reagent" for this purpose is an inorganic or organic compound which is
20  suitable for binding to itself a biologically active substance or further coupling reagents

on one side and the binding domain on the other side.

This structure makes it possible to produce multifunctional polymer particles which are
suitable for transporting biologically active substances. The "polymer particle binding
25 domain" preferably consists of part of a protein which enables it to bind to the
hydrophobic surface of the polymer particles. The polymer particle domain which
comprises part of a protein bound on the surface of the polymer particie is here selected
from the group of proteins which comprises a polymer depolymerase, a polymer
regulator, a polymer synthase and a particle size-determining protein. These proteins
30  preferably originate from microorganisms which are capable of forming polymer
particles, in particularthose from the genera Ralstonia, Alcaligenesﬁnd Pseudomonas.

The particle size-controlling protein is here preferably derived from the family of



It is here a particular advantage of the process according to the
invention that the 25genetic engineering nodification of the proteins
bi nding to the surface of the polyner particles does not affect the
functionality of the proteins involved,_in the formati on of the

pol ymer particles. For exanple, the functionality of the polyner
synthase is retained.if rotein is fused w t.he N-term.nal end
Ther cor . PRt oieis endf B fbd i Rte M e B SR nai ng
bi ol ogi cableYeray h13¢8. subst ances and/ or coupling reagents. Should the
30 functionality of a protein nevertheless be inpaired by the fusion,
this shortcom ng may be offset by the presence of a further gene
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functionalisation of the proteins bound on the surface of the polyner
particles, these coupling reagents preferably being 15sel ected from
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car bonat e, Q( 3-di met hyl am nopr oglyo- 3-et hyl carbodi i m de (EDC),

bi s( 2- ox od%aChﬁﬁ%I%‘f%?Pgtbﬁb@é?ﬂf%, edplysrsp Py cithes dyideraterang( D) PC)
2- (1H ben | - = i t .l yor obor at e
( T(BTU) | Zé?gn'ﬁsg%ﬁ%é ;a!r;] gog ee;%{l@?.%o&uﬁle&oﬁédwmﬁlét&%b,%a, Sldnffild!
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par ani t rophenyl.chl or of or,mate., and . . .

b- (n- succIY 5’911') PlpiS gl PRIy PUT I P eseRer 4 s RigleBBlored
(TSTU) . Thettd pirpgecal |y active substances used are preferably
pesti ci des, herbicides, pharmaceutically active substances and

pr ot ei ns.

It is here a particular advantage of the process according to the invention that the

25 genetic engineering 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
protein is fused with the N-terminal end thereof, resulting in the production of a binding
domain for binding biologically active substances and/or coupling reagents. Should the

30 functionality of a protein nevertheless be impaired by the fusion, this shortcoming may
be offset by the presence of a further gene which codes for a protein which performs the

same function and is present in an active state.



30The pharnmaceutically active substances are selected fromthe group
conpri sing di deoxyi nosi ne, floxuridine, 6-mercaptopurine,

doxor ubi ci n, daunorubi cin, 1-darubicin, cisplatin, nethotrexate,
taxol, antibiotics, anticoagulants,_gggnicides, antiarrhythmc -15-
agents and active ingredient precursors and derivatives of the |isted

groups of tive ingredients. The p i n e ef erably sel ected
P om the i magasmr Fes et 2shlehopd afthS oRiEE frthedqon.
somat ost afubftance QAR cHORing respeRB bourRdb the paBuak Pirticleslvia HdBidEng
erytl uopoi etin, hypothal am c rel ease factors, prolactin,

t hyr oi d- sdamain efttheiprotensnivrarticalas Belmemsynthasecephal i ns, vasopr essi ns,
non-naturally occurring opiates, superoxide di snmutase, antibodies,

i nterferons, asparagi nase, arginase, arginine deanm nase, adenosine
deanm has eDuringhenett] engmecrirgmyqbfication hi/ihe kenep sihichande foe psitdins vilfich,

Described is a process . fqr the in vitro production. of biodegradable
ol ymer - gt parEeed, ainate s rereie et & o atle SnBod A "Gt ut § on
sui ted t ogFeleNtREdifibhCihRShE SNIMBhtOMedd dréteint whR akir RffGef BishidAt e,
introducing into the solution a protein which is suited to

cont r ol | i dngnainsdave besn gxpressed pnst therpelymer pariddleshaggieen dermsd it jsmgsshle

| east one f \: i 1 Sy] ! I of the
pol yrer " peot bt knfle e ot Wit Sadr i 8Bl

t hat 10 he sarface. Ohis pleeepehybler stpzhtfomlaadandrffidient amsd prolllctidn af early as

during production, of the polymer particles and subsequent costly and
time- co Oﬁﬂlsﬁ‘w‘g}'@&@&ﬁl%ati on and separation of the polymer
particles formed into individual size classes is avoided. 20 The at

| east one further protein used here, which is involved in the

f or mat i orCaPlingeagrtsayeuseg Aanthe subsequpny funchipnalisstionsy therpaeteins bpnsdei n
t hi | ' |
conpr | oi 10 s SHBLGEGe bR BB, %eRRoBib B teade T bicRTI BB 5

put i i arsdlebted femuthé grospcordprising his{poxaStoxardlydinyl)phospbosiy abihedd s, an
invitro t is, i.n whi.ch proteins and.enzynes i sal at from

m croor ga‘ﬁb@’ ﬁ@?’jﬁr‘é‘hﬂ?w{’h&ﬂiﬂ@l SEipuD EW?]“‘?IQX}}?BPW @Vﬁ{/og' v costly as
both the &Wl-a@ﬂowﬂisﬁmaﬁ@ﬁ@sph@ﬁ&ﬁ héRElueipNFBh AL IS BO a8 NUSt
be isolated and purified beforehand. In one E)al‘tl cul ar enbodi nent of

t he pr esdwdroxyspesipingde bighn.2Hd Hr-benzeipzol-d-1l hi-Adsiepsamgthylprenium
bi Oconpatﬂe%fﬁwrdihggﬁ% ‘?ﬁﬁl?b?, d?c%)c%ﬂ@;[yl&ﬂfotdiiﬁllicﬁ,sdisﬁ&ﬁﬁrﬁidsfﬁca%qngt@, fo
20 (3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC), bis(2-0x0-3-
oxazolydinyl)phosphine, diisopropylcarbodiimide (DIPC), 2-(1H-benzotrioxazolyl)-
1,1,3,3-tetramethyluronium tetrafluorcborate (TBTU), 2-(5-norbornene-2,3-
dicarboxyimido)-1,1,3,3-tetramethyluronium tetrafluoroborate (TNTU}, para-
nitrophenylchloroformate, and O-(n-succinimidyl)-1,1,3,3-tetramethyluronium
25 tetrafluoroborate (TSTU).

The biologically active substances used are preferably pesticides, herbicides,

pharmaceutically active substances and proteins.

30 The pharmaceutically active substances are selected from the group comprising
dideoxyinosine, floxuridine, 6-mercaptopurine, doxorubicin, daunorubicin, 1-darubicin,

cisplatin, methotrexate, taxol, antibiotics, anticoagulants, germicides, antiarrhythmic



the solution suited to polyner particle formation at |east one fatty
acid, particularly preferably aci-nercapto fatty acid and/or a
)3-amno fatty acid and an acyl CoA oxi dase or other oxidising and
activating enzynes for the formation,ef the polyner particles. -1 6
- Lbing t hese substrates instead of S-3-hydroxy fatty acids and

2oyl Con BaiT e Bl ] e Sorn P T B PR Bouplo e

consumi ngm@QAleﬁQd hydrol ysing ATP. During polynerisation, the polyner
synt hase eli m nates CoA, which may then in turn be used 5by t he acyl
CoA oxi dase. An appreciable reduction in the costs of this in vitro
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controlled by adding the polymer synthase to the solution in a

quantity ipmemss antibadies, interfironspaspasginasec A argininerleansingee, of t he
pol ynmer p int he 15 in vitro
eﬁésﬁ{eed%arilﬂlﬁgga borﬁlﬁle% fr@ﬁ dbElr l\ﬁg'ggifior ik ;

process also conprises ntrolllng pol yrer
parti@l e size still nore accurately, SO |ncreasing the yield of

pol ymer rt| l.es o red si e and he proce nor e
et ot ent DisibediSe Pioppedui G2 Fire BSooRn or PpdeeshE SobhiE RS
particle ﬁh&énlﬂﬁa Iﬁtsaewédnypr@wﬁrﬁﬁhlhgd saﬁumﬁuateaiwpomneap&@me@t ei n which

controls the size of the polyner particles into the solution, which

prot ei n i Bragtionyath M%ﬁﬁ@ﬁéﬂhﬁﬁﬁ% lytr'aﬁucwsa%tp theisplugion rossimwhishds i s
f er abl : : ;
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VWhen nor eeatlb andafigy p&@ﬂiﬁﬁdﬁrﬁtﬁﬁhé polmaCbartioﬁeslaﬁd hiibsequumrepith Al e,
dependi ng on the t%Ee ofzﬁg r formed fromthe enzynmes, to obtain

pol ymer PRI &~ RIS qumer@@rtWé IFBIeg iRP core.
As al reaquI3gq§§gelcp§QSﬁvafa@d above, the polyners produced in this

nanngé impart the nost varied properties to the polyner particles.

The at least one further protein used here, which is involved in the formation of the
polymer particles, is a polymer synthase, wherein this polymer synthase is preferably
selected from the group comprising the polymer synthase from R. eutropha, P.
oleovorans, P. putida and P. aeruginosa.

25
In contrast with in vivo synthesis, an in vitro synthesis, in which proteins and enzymes
isolated from microorganisms are used in the laboratory, is normally very costly as both
the enzymes and, in some cases, also the enzyme substrates must be isolated and
purified beforehand. In one particular embodiment of the present invention for the in

30  vitro synthesis of the biocompatible, biodegradable polymer particles, there is added to
the solution suited to polymer particle formation at least one fatty acid, particularly
preferably a f-mercapto fatty acid and/or a S-amino fatty acid and an acyl CoA oxidase

or other oxidising and activating enzymes for the formation of the polymer particles.



-17- In the in vitro process for the production of the polyner
particles, the conposition of the lipid |ayer on the surface of the
polymer particle is controlled by adding at |east one anphiphilic
nol ecul e fromthe group of phosphoILH%QS and ether lipids to the
solution (In the absence of additional” anphi philic nol ecules, the

particles_obtained.in vitro ar rrounded onl of ei ns, which
onst | t ut BSmE e B ry gt R HadRy Ty o Snedeah Gk Syt
possi bl e, rdsflks 8% A Reydifg BfsRA GEwRich YEREyIRRIA bGHAS will hdtivateReci fic
surface charge which i's specifically adjusted to the biol ogical
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10nodisf i chy thercdfCodhexiddsqiAh dppyeiableasduction ivghé dosksiof ehipiatrasgrocdss nce

t he anphi philic  nol Ecul es, such as for exanple phospholipids or ether
|ipids, afayhspdugysd axRiemsqayei%e starting solution, a lipid |ayer of
the desired conposition is obtained fromthe outset. Another aspect
of the in vitro process, which is also used in the in vivo process,

i s that afndatbéredsantagesf Biedr mgroenedesssior the araductionadpelymerpartidesigéhall t o
t he sol ut] | (o | Sai.d, substance i s
i ncor por atted: At 55 sb ol sERa 2 sl el blne BEICHRRHARSS
synt hesi ssimhd quatitgthasie usefficieyit foenset eametiof thé sizé dthdpsdymbypactiddsusi on
through the particle matri x or by degradation of the pol yner
particle. The latter-stated variant has the further advantage in the
_pol yner pﬁfo&éo@éﬁﬁxe@fz@@?ﬁ:@?ol@ﬁleﬁ iREOB A& RAPASPIRSallybe dftrolled
invention that the rate of biodegradation of the pol ymer particles
may be r ebpaddingdhdpolymer syhiboss-tel desplutieniincomanttly whichtipsuffeiadei ti on of
the poly I I ] | .Of . jve

i nor edi ergisuaplizotef a3 oFRERRmer BB BRed RyTRE Flepd BSeBR b

i NcoLpor atnivirro prbceass hlse eompriyeefirtbertpsdibititest fhecoptrolling golymiety/ paticle size

particles, functionalisation proceeds, .as in the in_vivo process, by
ol ccti ng i mPEa6RRaHE Gonerstia i Brin ot P BRRLes s BHEFSGEa on
sui ted t ompghy MR pridasstrmsk efffcRai®d Oft-dffecgrch a manner that the at

| east one introduced protein conprises a polyner particle binding

dormai n and at | east one binding domain, wherein the at |east one

bi ndi ng iR f. bt ndi: j ' YA '

subst ancel i ol o ARERHONEe it PkiAG Forh Y A ERany bR oo
for 2he fmowwdtwikich aintiolaheotenfine pdyrhérghadmlids mto e sblution, whichprotems s

be obt ai r f he, i ' . d ' furth d
TRy e oL BeRed e M RESEEIR TSR BB RS
above, t hgoGPEdnRiRRIRAhd ghasin from Ralstonia eutropha and the phasin from

Pseudomonas oleovorans.,

25 By selecting the at least one substrate as well the enzymes used, it is also possible, as in
the in vivo process, to regulate the composition of the polymer and so obtain polymer
cores with different properties. When more than one substrate is used, it is for example
possible, depending on the type of polymer formed from the enzymes, to obtain
polymer particles with a different composition of the polymer core. As already

30  described further above, the polymers produced in this manner impart the most varied
properties to the polymer particles.



-18- properties. They are then added to the solution suited to

pol ymer particle formation, where they are involved in the formation
of the polyner particles. As in the in vivo process, the pol yner
particles produced in this manner may,al so additionally be nodified
after the production thereof by subsequent nodification with the
coupling 5 reagents al ready descri.bed. further, above, or by addition
of bi ol ogileékwve{m%esgﬁﬁiﬁ%e tlwféﬁemlm}c&m » BF APPSR n of

the proteipgs Iiwﬁileﬁ]%r Hiie sHeRR oP Rk peiyhir hitacis wéoaﬁaléafbytaheingai ¥5Rbne
particles. Al'so described is a polymer particle of défined size, with

a surface dmaphiphilist melaphe Fomithesroanef pbesphekipids andeethen lipids tosthe palvtintuced
at | east one,prptein Iy ' f e conprising a
pol yrer de@%‘hg/ ﬁgsregéee?ﬁggb%gﬁllﬁlegﬁﬁiklglgé&;&%egﬁl@@éﬁ%%a@grlr%%?fpﬁ Hrégleroéi%ed a
particke Ss'quOm}daﬁ bﬁl@m@ipngeirag,wgﬁdhéqonmhgmﬂtehqaabfﬂéaﬁats.)onghnr otein
conprises a polyner particle binding domain and a binding mai n
which is daﬁas{,élﬁposan%}?gfqﬁgxaanm& B@E&%HWPW@I%WS&% HlewEae a
coupl i ng r&aQeMhidnsspebireyP iR b!%icﬂoﬁéa@hﬁﬁﬁ?ﬂe%?dﬁ@&ljw&{ﬁ%ndﬂ S

produced according to the above-described process. Thanks to their
advant agedade prosysd int the body. Abe pdiagtags ofraedifytigthe bpidtdysr pf the shell

i nvention ar ar.ti,cul arl suitabl e..for t. r,oduct i f a

s o i et Bl prStHss BaE i ShostBfe 1P ERNASE Wi sepdhent | | 1
phar neg euthedificalios phthalipidiayces, ap trethe fraviby/process. Sice thetimphiyhilZ0
treatment of diseases of the central nervous system_ Th

possi bi | i tlecfes, sughas for exmndephospholatds ot ghelivilsy arp aiready addsd i Bea by
the Pr eseiarpfAdn A KA BNl TBlaidcRroRfRE BatEer

through the B e contr of particle'size, control
conposition of the shell nenbrane and in 25particular also the

functional j sati on of rticgle face;nean that fhese biodegr.adabl e
ooy oAt Bfhellofh ik vk GroMts BEfRIEAT 4R In 5P Sy BER G NR e
act i ves sullsdsesteghatiacadtically autise aubdiafidyie added tehalkblatidmguiied fcholynds por t
of the polyner partjcles to theiy site of actjon. ) )

MUl t i f unctiégisia iPuRationy Sridskstance [sdcsmorated m@rth%xe%lwamar%qlwéﬂwneouy y

to bind N1tk Yarkitle!sGRBEsisUAR nRYPRGRAIY SatelRSdd B RARRyANGSrrlsfont he
particle surface but also an 30antibody,” the binding speCificity of
whi ch enathisyghpthe patieleguatiiraprchy deeraditiontod thpenolymar gartiviee S lata-stalad her
advant ages, ap.& KRk Al advAnBEARYRY poflihaphrlofts bitul'y i fidcgx el ary
20 according to the invention that the rate of biodegradation of the polymer particles may
be regulated by the above-described control of the composition of the polymer core. In
this manner, continuous release of the active ingredient over a specific period is

possible.

25  Apart from the incorporation of active ingredients into the growing polymer particles,
functionalisation proceeds, as in the in vivo process, by selecting at least one of the
proteins introduced into the solution suited to polymer particle formation in such a
manner that the at least one introduced protein comprises a polymer particle binding
domain and at least one binding domain, wherein the at least one binding domain is

30 capable of binding a biologically active substance and/or a coupling reagent. The
proteins used in this case for the formation of the polymer particles in the in vitro
process may be obtained from the in vivo process described further above and they then

exhibit, depending on the type of production described above, the corresponding



The term "conprising"” as used in this specification and cl ai ns means
"consisting at least in part of'. Wen interpreting statenents in
this specification and the clains which include that term the
features, prefaced by that termin e:itgb statement or claim all need
to be present but ot her features can~al so be present Rel ated terns

such as 5"co ed" are to _be |nte ed |rt t he same
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comon gener al . kno n the art. Description of the Figures

15Fi gur e Whighbipd ttathegm%mctoeamm npfels Wélw%lhavw% at@deélwurface

bi odegr adgdy, £, Gh¥% idd@rticle and the proteins and |ipids which are
bound to ?ﬁh % ?41 g The abbreviations relate to the foll ow ng

pr ot ei ns: A poI yrrer depol yner ase B: pha5| n (nanme of

th di I hak) 20C:
ol yrer oBii0 AeReebe s RS BEPR B ERRned Jrt iPagtiaidne: o SFHasiRG
phasig r eppREEE, infdWhih iy iamddicedat Idaoming prdtéin whichds Sdhawd from tsarqpe of
synt hesi s of one of the po sible blodegrad?ble pol ymers 25in R

eut r opha. COTHEISHE HPPEMSE 5356 HPAIRTAeR138en § RIS SBtheseand aaci d
(PHB) is Mﬁféjmﬂﬁerﬁlr%?r@@ins@ﬁgﬁnﬁ{e%%& onk gfottéﬂ'gorfq%rﬁgéﬁ
substrate acetyl CoA CA repeat unit in droxy tyr|c

acid. The)atuqhelbm@ngéommntahea blyldmaégmsmrvelmhrssapahletorﬁbmﬁmgmat ion of the

Phereor . Tagogey Bl SeNin BFF r b R DA b oty pRfeeea
exper$ mendnsbodmeét iepréddined acadading iohksatiohe dbxetibad ppodesHf pol yner

particle dianmeter wth enhanced phasin expression (increased quantity
of inducer in the solution), while Figure 4 describes the behavi our

of the  Thanks to their advantageous properties, the polymer particles of the present invention

are particularly suitable for the production of a pharmaceutical preparation, a pesticide
or a herbicide, wherein the pharmaceutical preparation is preferably suitable for the

20  treatment of diseases of the central nervous system. The possibilities for modification of
the polymer particles described by the present process allow the conditions to be met for
passage through the BBB.

The control of particle size, control of the composition of the shell membrane and in

25  particular also the functionalisation of particle surface mean that these biodegradable
polymer particles are a suitable transport vehicle for biologically active substances of all
kinds and moreover enable targeted transport of the polymer particles to their site of
action. Multifunctionalisation makes it possible, for example, simultaneously to bind
not only at least one pharmaceutical active substance to the particle surface but also an

30 antibody, the binding specificity of which enables precise guidance to the target site.
These and further advantages are explained irr greater detail in the fellowing exemplary

embodiments.



-2 0- polyner particle count in the cell with enhanced phasin
expression (increased quantity of inducer in the solution). Figure 5
and 6 show the results of the in vitro experinents. Figure 5

descri bes the 5influence of the quangaby rati o of phasin to polymner
synt hase on polyner particle dianeter, "while Figure 6 describes the

i nfl f the ratio of substrate t | t hase, on. pol
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Figure 9 shows the plasm d pBHR68 (Spiekermarm P. et al., Arch.

M crobiol. 1999, Vol. 171, pp. 73-80) which inparts storage of the
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bi osynt hestxéerng) dpomehts; ot diker ssypress ifomutiopthis is generely Hr thshmepose of

ket oacyl reductase an haC synthase, Figure 10.sh t.he agm d
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25al kanoat es), ,sajd pl asm earing the gene aCl for expression o
pol yner syqslpﬂ%f%l.ﬂlqiisgih%%@e@ﬁmmgﬁgu%sﬁ&fo B ARIUERiBgy &1t he
gene phaF ﬂr%aﬁ}%}}rf&%%ﬂ‘of‘%ﬁe ddnEnfiPEdnbGl Bnodi&Be detehAl Ni ng phasin-1ike
protein fromP. ol eovorans. 30Figure 12 shows the vector pBHR71-Cys
whi ch has been constructed starting from

Description of the Figures
15  Figure 1 shows a schematic overview of an in vivo produced biodegradable polymer

particle and the proteins and lipids which are bound to the surface.

The abbreviations relate to the following proteins:

A: polymer depolymerase

B: phasin (name of the coding gene in R. eutropha: phaP, in P. oleovorans: phaF)
20  C:polymer synthase

D: phospholipid

E: polymer regulators (for example phasin repressor (PhaR from R. eutropha)

Figure 2 shows an example of synthesis of one of the possible biodegradable polymers
25 in R. eutropha. The simple polyhydroxy alkanoate polyhydroxybutyric acid (PHB) is
produced in a three-stage process starting from the substrate acety] CoA. The C4 repeat
unit in PHB is B-hydroxybutyric acid. The final step in the synthesis results in the
formation of the polymer particle with the polymer synthase bound to the surface
thereof.
30
Figures 3 and 4 show the results from the in vivo experiments. Figure 3 here describes
the behaviour of polymer particle diameter with enhanced phasin expression (increased

quantity of inducer in the solution), while Figure 4 describes the behaviour of the



pl asm d pBHR71 fromFigure 10. In this structure, the gene phaCi,

whi ch codes for polyner synthase, bears two cysteine residues on the
N-termnus in order to enable -21- direct binding of biologically
active substances or the binding of Bjologically active substances
via coupling reagents. Figure 13 al so shows the vector pBHR71-FLAG

o e AR OSSR RS R BT

pol ymer symidiResin therhsioh)o FLAG epitopes on the N-termnus. This
enabl es not only in vivo incorporation of gene sequences for

functional proteins via the Spel restriction site of the FLAG gene
sequence I IEAY .C. i
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in vivo produced biodegradabl e polymer particles 15 Exanple 1. 1:
Production of polyner particles in R eutropha The bi odegradabl e

pol ymer 1.6l i o ¥ ant -

Ral 5t oni SEed SR P HE yBAR HAGAE| ok 8 S ERbicPLey.

(YorkQ G M99eVolal’1(D), pBaiT-223)ovhiclidDied dvolie staA BBz plpgmid 4Pthé- 4226) whi ch
exhibits a defect with.re t. 20, gene jch des for

expr essi o??nﬁfuqlﬂéoﬁ]?%gﬁgﬁ%f%ﬁﬁugﬁéeﬂﬁh I Rad p%?‘?r%gf”tb‘ﬂ’lhfzi)@%s
(phaP( - ) )pBER-FB(WHSRAHERCEne bhaihiréh A BRowrgani smis no | onger
capabl e of expressing the phasin which is coded by the phaP gene. The
bi odegr adabl e pol yner particles may noreover al so be produced using

m croorg 1 iBh bkSH es

r equi redafﬁ%'rﬁgt%ﬁe f@ﬁ%@%‘gﬂé@%@%ﬁm g ?%lpgﬁgg&la%o%gfe%{@{ %%gﬁpl es
250f 15 uc hpartiche sze-dpgermsnisg pvoteirdphasin BoohRrduehpia .col i, and Hal obi f or ma
hal oterrestris. One exenplary enbodi nent uses Escherichia coli (see
Exanple 2), which is naturally not capable of producing the

bi odegr adafire 9RRIWYME pRahid pBHRGIIKpieRdhafis PCétiab SAroA DM E@obidin €999,

| atter-stated m croorgani sns are then transfornmed with a vector

whi ch, i anthIea@83§@gthh igparssismage of gherobiies (Rabvhygreapbywitadihi ch
codes f Orsaﬂqﬁﬁhﬂd ﬁ&ging %tg"éh&%hh £ phbAg, and phbCg, from Ralstonia eutropha

20 which form the biosynthesis operon for the expression of phaA thiolase, phaB ketoacyl

reductase and phaC synthase.

Figure 10 shows the plasmid pBHR71 (Langenbach, S. et al., FEMS Microbiol. Lett.
1997, Vol. 150, pp. 303-309) which imparts storage of the polymer (polyhydroxy
25 alkanoates), said plasmid bearing the gene phaCl for expression of polymer synthase.

Figure 11 shows the vector pBBad-F which bears the gene phaF for expression of the

particle size-determining phasin-like protein from P. oleovorans.

30  Figure 12 shows the vector pPBHR71-Cys which has been constructed starting from
plasmid pBHR71 from Figure 10. In this structure, the gene phaCl, which codes for

polymer synthase, bears two cysteine residues on the N-terminus in order to enable



pronot er sequence. This gene is controlled by an inducible pronoter,
preferably a BAD pronoter which is induced by arabinose. -22 -
Cloning steps Cdoning is perfornmed using the DNA sequence fromR
eutropha which codes for phaP, this sequence being listed in the
"GenBank" under nunmber AF079155 (Hanl'ey, 52. et al., FEBS Letters
1999, Vol . 447, pp. 99-1Q05). This sequence is inserted jn the

5Ncol / Banﬂvrevtémr}&ﬂf%eﬂ%%?%l@ agifvespist ewﬁ%@e%&gf@?@&sg\%%awt , R
et al., FEMRuM.&ePiRplikElchgens?99, Vol . 181(2), pp. 217-223, c.f
Figure 7) which contains an inducible pronoter (PBAD). For the

pur poses of cloning, the corresponding Ncol and BanmH restriction
sites ared.nse d iinto.the se ich.c 406 phasin P
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(Fi gure T7yestrition piteaafithelF LA igehe sequencobutzisaghe dtachment efedugingwsegeatsces

for the protei,n phasin, ..is hereinafter desi gnated pBBad-P, (Fi gure
158 Tht SPLEARERRL o PR P i PR R S e R R b oane of
t he tircanskpitheat. The bidedicdllguesvedabainchesied, whitlcarpbownd divettly &vid he
correspondi ng organi sm The inducer of the BAD pronoter of pBl3ad-P

! . L ; P
i s arabi nGSWINGAAENARBY! pipdipg o faEedt _@)‘“‘a@‘?ﬁeé Plaa%lL%qrfaa%)i%_ control
of the expg da?ﬁhtﬁity,tiﬁg?igﬁ&eenk{ﬂ'{%tlbﬁtc iy 0or gani sms used. This

e ‘expression of the phasin

control mechanismis”us to con

Example 1L Comtrol of the 2178 ot 1 N 2
whi chswere not originally capable of form ng polyner particles 25In
m croor gani sns, Whi K
particl es® ml'l_ Al a ARered #EI%fe vector contains
further geResioWkirsdabRITRINRY BhrviElds 4r8 pkdBcddaisiila ‘RRocklout Buthtlof mer
particles. The nunber "and type of the necessary genes which nust be
i nt r oducedaistonin extnapla Goimetly diagigeresrestorphps)ouk et ar(York, Gd. gl yJrrer
particles : i 'Yy e te, L Qt els ' sed.
"n the of Reredt. SBlaldt Ty b DT SRS AAE SRR, &hokillu Bl RN B

t hi ol2@se, genenedtiuaidasfor ansesaiop of thewurfaypkdteia @hasin on the polymer particles

(phaP(-)), as a consequence of which the organism is no longer capable of expressing

C avaw

the phasin which is coded by the phaP gene. The biodegradable polymer particles may
moreover also be produced using microorganisms which do not contain this gene and
the further genes required for the biosynthesis of polymer particles. Possible examples
25 of such microorganisms would be Escherichia coli, and Halobiforma haloterrestris.
One exemplary embodiment uses Escherichia coli (see Example 2), which is naturally

not capable of producing the biodegradable polymer particles already described above.

The latter-stated microorganisms are then transformed with a vector which, in the case
30 of R. eutropha , contains the phaP gene which codes for phasin and contains the
promoter sequence. This gene is controlled by an inducible promoter, preferably a BAD

promoter which is induced by arabinose.



are necessary in order to produce polyner particles in the manner
shown in Figure 2. |If organisns are used which conprise specific
mut ati ons, such as for exanple the E. coli strain from Exanpl e 4,
fewer than the above- stat ed genes are sufficient to enable -23-
production of the polyner particles. fhe sane applies if the organism
IS alread% supplied with certain precursor substrates fromthe

nmet abol i ¢ Sfor pol yner synthesis 51f a further plasmd is

dt ' f
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denonst r alilesvisgyhytivdysed sedtdrsp,’BBa;tzzithl gumd: 17) ﬂ“ge plapnidswhioh now cogtaipo i bI e
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i ndi ygduag 3 TRik bfammshﬁmrfeauitbm&ﬁewofgaﬂig&rbyqﬁeaabaﬁmatrh;{sf@matm
control l ed manner brings about a decrease in the average poly

particle trhmgucedesfibad 1a theingior erh i thescormenoadias oraqnlﬁmieTm¢Lsf@éofithﬁber
f pol
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di stinct I'ncrease In ymer par es Wt
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ore cost mec gﬁglfnelg IFISICX ?d control the expression of the phasin gene and, by means of the

20 quantity of phasin present in the cell, ultimately to control the size of the polymer

particles.

Example 1.2: Production of microorganisms for the production of polvmer particles

which were not originally capable of forming polvmer particles

25 In microorganisms which were not originally capable of producing polymer particles of
this type, an additional or the same vector contains further genes which are involved in
the formation of the polymer particles. The number and type of the necessary genes
which must be introduced into a microbial organism for production of the polymer
particles are determined by the core proteome of the organism used. In the simplest

30 case, for example in E. coli , at least one thiolase, a reductase and a polymer synthase
are necessary in order to produce polymer particles in the manner shown in Figure 2, If
organisms are used which comprise specific mutations; such as for example the E. coli

strain from Example 4, fewer than the above-stated genes are sufficient to enable



- 24 -- Exanple 1.3: Control of particle size by substrate
avai l ability Another mechanismfor controlling the size of the

pol ymer particles is to regulate the availability of substrates or of
t he pol yner synthase which are requiﬁfg_for synt hesi s of the pol yner
particles. Availability of the pol ymer“synthase may be controll ed by
means 5of antisense nethods, ¥ genetic regubﬁklon or by the
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vi vo produced polyner particles The conposition of the biodegradable
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conposed p&ltyigend theselpinesepapgiediromile mtrionbmedimdy deptrifygatortddnect i on

are vario

speci fi ci ?&n@%%’@ﬁ%rg?ﬁfc%%&ﬁﬁﬁr oxXy fg’gp?gpgmlggg%%jt&%ﬁﬁﬁ erent | y

into the gmmdlmg elpotrgmmicrashapyrin combiagtiontwith amalytical gebfiittatidne in vitro
rocess. is, fo a e ossible to set mer. s nthase

1I‘O rom R et? wwgaﬁﬁ?@ﬁr@mgﬁ c?)‘ﬂ"ébsrdf Q&F‘Vﬁé?gae ﬁé“t?cttom 4

fattyaci dslddadis a Dk mbscay@mamamfgrmumber of the polymer particles per

cell.

YD

As is demonstrated by the results, by controlling expression it is possible to control both
the average size of the polymer particles formed (c.f Figure 3) and the average number

25 thercof (¢.f Figure 4) in the individual cells. Increasing the copy number of phasin in a
confrolled manner brings about a decrease in the average polymer particle diameter with
a simultaneous increase in the average number of polymer particles. In this manner, it is
possible bring about a distinct increase in the yield of polymer particles with the desired
diameter. This makes production of the polymer particles quicker and more cost-

.30 effective.



-25 - Aeronopnas punctata (C4 and C6), Thiocapsa pfennigii (C4 and C8)
and P. aeruginosa (C6 to Cl14). Simultaneously introducing two or nore
pol ynmer synthases into the cell also nakes it possible to produce

pol ymer particles with the nost varie? properties. In a continuous
bat ch, new pol ynmer synthases with nod #7ed substrate specificity may
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was per f ordigekterof og avarade. 130aim. strain which contains the plasmd
pBBad- P and the plasm d pBHR68 already stated in Exanple 1. Culturing
was -2 6- performed under the conditions stated in Exanple 1 with

gl ucoge a%xhﬁgle%lrﬁm@ncﬁ%ﬁl@ @em%&bﬁiaﬂ@fﬂi’éﬂﬁ v@agmﬁ&&%ofﬁ@g&ﬁsl@@si st of
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varies b
enzymes which provide substrates for the synthase, in particular thiolases or further

polymer synthases, As a result, during formation of the polymer particles, the cell is
25 capable of incorporating a series of different monomers into the growing polymer chain

and so produce polymer particles having a core which consists of differently composed

polymers.

Examples which may be mentioned in this connection are various polymer synthases

30 which, due to their substrate specificity, incorporate 3-hydroxy fatty acids (C4-C16)
differently into the growing polymer chain in both the i» vive and the in vitro process. It
is, for example, possible to use the polymer synthase from R. eutropha, which produces

biodegradable polymer chains from C4 fatty acids (C4), polymer synthases from



S5approx. 20 to 50 nm In order to clarify the control characteristics
achi eved by the phasin introduced by neans of the pBBad-P plasmd,
the experinent is repeated with the above-stated E. coil strain

wi t hout the pBBad-P plasnmd. In this %g)s pol ymer particles with a
di aneter of 150-250 nm are obt ai ned. conparison with the control
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this experinent, biodegradable, elastoneric polyner particles having
a core of (R -3- hydroxy fatty acids are produced in E. coli. The
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h |
2Sshl o1y DRAURTRYS HEP i G aien ¢ Rs BT RS SRS SOPE e by
(LangenbacyhibftorsShe ade of k%%t%@cﬁ:ﬁ@bﬁhe mle@Béllc ﬁh@ﬂ\?ﬁr iY@hestidpbhd RE-

303-309). Fatty acid metabolismis nodif in such a manner that,
when f at t yexpessgion of enzymesgwhich regelt mh@mntabfdmm@wa@mtbad‘@mmap@ of other’

i nt er medi a@%éélﬁéopﬁm}o%u Foyl CoA) of fatty acid ,3 oxidation are

accurul at et nact  as precursors for pol yrrer synthesis. To
this esd, fadB nutants of E. cob are 30used (Langenbach, S. et al.,

FEVMS M Lett 1997, 1 hi bi t
used mf&ﬂfﬁﬂ%ﬁaﬁwﬁrw% igitieged Bty A meBPRESH K PP ran! o
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pol ymer
polymer synthase. As a consequence, building blocks with differing side chain lengths

are obtained in the polymer, resulting in polymers of different compositions.

25 However, infroducing additional enzymes into the cell is not the only way of
influencing the metabolic pathway - inhibitors of the metabolic pathway may also be
added to the medium. Examples of such inhibitors are acrylic acid and triclosan

(synonyms: TCC or 5-chloro-2-(2,4-dichlorophenoxy)phenol), to name but a few.

30 Example 3: In vivo production of biodegradable polymer patticles from (R}-3-

hydroxybutyric acid with a highly crystalline core

This experiment was performed using an E. co/i strain which contains the plasmid

pBBad-P and the plasmid pBHR68 already stated in Example 1, Culturing was



S O oning The phaF gene of P. ol eovorarrs, which has already been
described by Prieto et al. (Prieto, MA et al., J. Bacteriol. 1999,
Vol . 181(3), pp. 858-868) and is listed in the "GenBank" database
under nunber AJ010393, is transforned.into E. coli using vector
10pBBad- F (Fi gure 11). This vector i§ obtained on the basis of vector
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Exanpl e 1. Depending on the quantity of inducer previously used, the
pol yner Hﬁﬁ{hbﬁfrfc‘ﬁoﬁéﬁoﬁ%@tﬂefﬁoiyﬁie??We@Wﬁz&n%} BEEhREceA by bpRe@Bd Nm
Exanpl e 4: Control of the siZe of the i'n vitro produced bi odegradabl e
pol yrer pnomingn e pgOTHb sughyas f@fexmelem?@hlé@nah@ma@gmhy,rﬁsnsm@%dlmt es
formed is the availability
of the poﬁeg}l{r@?ga?é}pﬁiogwaﬁﬂr&wn@% ‘%M%h%sﬁﬁ?e%%f e' ‘oteins and the
availmbility of the substrates and netabolic internediates. -28--
The necessar _st flfst]be pade iIabIe for

the in vi = ERCE S 5ES
particl espit igad @i rPﬁT&irE'aﬂl‘b sYd“!lﬂﬁt ynt hase fromR eutropha or P.
aeruginosa 1S used for this test ngross, T.U. and Martin, D.P.

Proc. Natln thipexpgrimeat biodggradablgpel ericgplymss partiplpohayingaa carg of B)-3et

al ., hydroxy fatty acids are produced in E. co/i. The polymer chains are on average made up

20 of 6 to 14 carbon atoms. This is achieved by regulated expression of the phaF gene from
P. oleovorans in E. coli , which is very similar to the phasin-coding gene phaP from R.
eutropha and to the gene for polymer synthase from P. aeruginosa (phaC). In this
Example, the expression product of the géne phaF is used to control particle size. The
polymer particles may be produced in E. coli cells with modified fatty acid metabolism

25 solely by the polymer synthase (phaC) of the pseudomonads (Langenbach, S. et al.,
FEMS Microbiol. Lett. 1997, Vol. 150, pp. 303-309). Fatty acid metabolism is modified
in such a manner that, when fatty acids are used as the carbon source, CoA-activated
intermediates (for example enoyl-CoA) of fatty acid § oxidation are accumulated which
in turn act as precursors for polymer synthesis. To this end, fadB mutants of E. coli are

30 used (Langenbach, S. et al., FEMS Microbiol. Lett. 1997, Vol. 150, pp. 303-309) or
inhibitors are used which comrespondingly inhibit fatty acid metabolism (for example
acrylic acid; Qi, Q. et al., FEMS Microbiol. Lett. 1998, Vol. 167, pp. 89-94). The

otherwise required ketoacyl reductase and the thiolase are no longer necessary when



5App!. Mcrobiol. Biotechnol. 2000, Vol. 54, pp. 37-43), which are
purified by affinity chromatography (with H s-Tag fusion or N 2*-NTA
agarose). The polymer particle size-determning proteins fromR
eutropha and P. aeruginosa , for contrglllng particle size, are
purified in a simlar manner. In or déf 'fo express this proteinin R
eutropha, the sanme vector is used which has already been used in
Exanpl e 1 tl%n&tklpﬂ@é@tWéﬂ%&émw@eﬁg@msmaﬁﬁeylr%bydviﬁtawaﬂr&ﬂn%ﬁoE n
vitro prod ragap [ d |y
y&ltljh?l{.l?a? %stef?ﬁ Bhﬁzﬂ%ﬂ of a?iﬁf‘qn@e gﬁfdaﬁfﬁéﬁl eﬁ+}§%o% Gl 19[11?!1

cont ai ns, apar mer sy artic

Si ze- det er convemgl prtbé polmmp’rMMe ifte Polyy(®)-Gxiyidroxy iytty a@niAv«hrch forms the
R- 3- hydroxz@ecano%éh s subst at.tee f or synt hesi s of the pol yner

particl es, PEEPHIO e pertise 1 mM MyCl2 and 5%

gl ycergl (v/v) for stablllsatlon Due to the use of R-3-
15hydroxybuty_ry| CoA or R-3-hydroxydecanoyl - CoA as precursors for the
pol ynmer sy i's not necessary to use the thiolase and the

reduct ase {rﬁé rFF’%eneZQfP g@sv&s %Pcp%s teda ?eﬁ%QQ/XnBQ?b&%ﬁmt&'%?e of
t he quanti yI? asin pol yrmer sy‘ﬁ Tase on p mer particle
di amet er, (HiietooMEAQet ab, JsBamdehl@QD,rWdlum@ . 858}868)ahd¢slmfed in the

203ubstratet ql S thas ticle dia ter These
results al SF ‘%@i‘seﬁ%a B%f&{q[fﬁ*% t’z’lgaflf’”é@‘?ﬁlllﬁt?%nﬁo ing yector
regul gged IEB'BfIth(lfig\ﬁf@tI 0 yhfafve@&l iy aaamsw&i b@%@s@éﬁ%@tﬁ% pBﬁJZ@Kt(Figﬁre
regul ation of particle size nmay accord |y be achi eved by neans of

the proces®. ah,mﬁmdugl QI@IQMSM@WDHWOH wrthesesescriged indixamplech. Age t he

conpositio

| nf | uenci n%lag ﬁ@@cioﬂe&’fnwtﬂ? e Ic%%%é& %ltg%?éf%ﬁg @%@ggr a’@mbl e
pol ynmer paprirhéb esedﬁ@rrﬂiﬁ(nmtﬂgéne@d obthe abeliersgatet ﬁHaErgenrﬁhasuﬁEtfon’asgt o]

t he reaction batch and/ or using in each ffer

305y nt has ST 3-ARHIEGT S TR SBeTT ECUH NEsto NP Eesieim,
thi s p&nnegite iRbS8Y RS- Qiagggg‘gaﬁuaﬁgatdzgggé&gg écbatht gwswm R, 3, BatHihe

growi ng polynmer chain during formation o ne articles and
pol ymer patiestrietianssitgin ppld). dhe Ifcéllfl@ﬁftDﬁélWﬂ&frﬁ%ﬁ? 9{3) igthensiegdced.

Due to the,

R 3- hydr oo s love P RS B ¥BRAERR. theRimi AR Shans e

i ncor pgr ?t se?uenne ﬁ)rphﬁ gh@mmﬁerpbtlgumd OBBadAE (ngqre it)r Irmddmoheq thim| y
one subs e.i nmo ol. ar e

obt ai ned 3}‘?@% g&l{ﬁr@?ﬁ ﬁugﬁges%ucfeph E.Pélpﬂ rsglgms? her
exanpt@s qhgﬁma, 'll,@ng‘eﬁm;SS ek ﬁm F@Ms PEcrosibly e, 1997 Vot 188, pFR$03809)

nodified are stated 1 n Exanple 2.
is also transformed into E. coli.

The carbon source used for the subsequent expression is the fatty acid decanoic acid.
Expression of the phasin phaF gene is again controlled by means of the inducer

25 arabinose. The test is here performed as already described in Example 1. Depending on
the quantity of inducer previously used, the polymer particles formed in this way have a

diameter of 100-500 nm.

Example 4: Control of the size of the in vitro produced biodegradable polymer particles
30  The size of the biodegradable polymer particles formed is also controlled in in vitro
production by the availability of the polymer synthase, of phasin or phasin-like proteins

and the availability of the substrates and metabolic intermediates.



Exanpl e 5.2: Influencing the nenbrane conposition of the polyner
particles For the purposes of subsequent fusion with the nmenbrane of
a cell, into which an active 10ingredient is to be introduced, for
exanple, it nust be possible to contrql the conposition of the
phosphol i pid | ayer on the surface of‘@ﬁédegradable pol ynmer particl es.
This regulation is achieved in in vitro production (Exanple 4) of the

bi odegr adabhengseisgiyenzymastand pubstraipsghest firs he made pradeble fos %pedfl vittpebatch

luti ' | ' T b
i vi dual 1 TR HTRGBA Epdtan 8 BRI TSRS BOYGEE T O
m xtur e of sydiabefrantr. asmrpiphpbt Pi derugihese ub es:d f6ithis péso(GapiglessAT . anttied
ol yner - syMeriEs B e Gon QUi At YEAURA 19RS YalrFabr- S 5P P R REier
partickes. AfS REYES BRAdAS. W00cesdss, phhey-9)] Mﬁ'iﬁ!i arfé%lbﬁﬁgd BPaffinity

according to the invention becone |arder 20and the pol yner 'synthases
on the sur ¢aematagrepmo(widiijedagfisonooiMpl Y11 gearesel Fhe pelympepasiigle siee of

t he pol yne r 1] . r I Vsl ' | )
are oxposct RS pERing s 51 i ha wlle GPRRRRLE, BORTSAIR ol TRE

t hens el vesare piirifiddtin G320 inahfierVin\vadep tooekpesslthiwgrbtetl ia R, edtfugha, the same
phosphol i pid | ayer whjch is already present 25nust first be renoved.
To this en&otoae%qss%@h@ﬁéﬂﬁsaﬁf%hbqegu if Bele g o PSS e Rhp%R 8ehcor
non- depat Ut d\gadlieh BLER Rir$n S prtaetdnreRi6Ryrdie PR9SBNRIHidEd | ayer.

Then, as already described above, a mxture of the appropriate
anphi phi | | @iditishaitytontainss apartdeodn the pphymensymthase andsh¢ polymen particlessize-

pol ymer pagticle | vel ¥ sghar hosnhol ihpi ds. hat 1 dyl
chol i ne ar%ett%?lé ’%% %rgfe%?%ﬂsag& %e3r ev.%r(%ﬁg'gﬁg??ggr% a% 31?“& 11 %dgpa?rléﬂ[@ %‘# W
30pur posef sitbsteabarfor yntiodkis e tHapalymee parficiss, 50 M phésphate byffer(plars),lcl es
are suspended jn PBS_containin % ocl.yl. gl.ycaosi de -1 7.5) and
di al ysed a’&%(f?@&%‘ﬁé%@%%ﬁf 1("/8}1%%?}?:]%1{%3891% dp F]}?élsé\ﬁﬁé'bei ng
stirred. TRRrOGBEEATOARRR B GY@otHlctAo81-CSA Beprebiitrafdr heidlyme Ui t ed
to fusion l\k}\n%{ ﬁ@b_rai n capill arg gﬁfggt_he?‘i al ceﬁsl S (IgCEC%_. %)Jn%% 0 -
Exanpl e 5. 9mtheses ijant asjesnno usathe tielasa and theredustase (o Figelgr owi ng
pol ymer particles Uptake of substances into the core of the

bi odegr adabl e pol yner particle has al ready been qualitatively

i nvest i gat Bk resufith of Rig. Sisiwmsthainflaeak of the quanpdpiticiof phdsinato pslyeret dye
Nile

Q

synthase on polymer particle diameter, while Fig. 6 shows the influence of the ratio of
20 substrate to polymer synthase on polymer particle diameter. These results also show that

polymer particle size regulation may be regulated by the quantity of polymer synthase

present. Effective regulation of particle size may accordingly be achieved by means of

the process according to the invention.

25 Example 3: Influencing the composition of the in vitre produced polymer particles

Example 5.1: Influencing polymer composition
The composition of the biodegradable polymer particle may be modified by adding

different substrates to the reaction batch and/or by using in each case different polymer
30 synthases with a different substrate spectrum (c.f Example 2). In this manner, a series
of different monomers is incorporated into the growing polymer chain during formation
of the polymer particles and polymer particles with a different polymer composition are
produced. Due to the use of the polymer synthase from P. aeruginosa , R-3-hydroxy



5.Red (Sigma, St. Louis, M. USA) or Rhodam ne 123 ( Spi ekermann, P.
et al., Arch. Mcrobiol. 1999, Vol. 171, pp. 73-80). If, during in
vivo or in vitro production, as described above, the fluorescent dye
Nile Red is added to the nmediumor the_reaction batch, dyeing of the
pol ymer particles produced can be obs&f ed, i.e. dyeing of the

pol ymer particles begins as earIY as during the synthesis thereof and
even bef or efattppaidpuildingbleeks wyithifie14€ ptoms|age igearperatef iy &heiLspwias RPlymen

phar maceut i ' . | r : | .

ol ymer - cor gy Ak el oi 6 sk i iyoied, MACRLARERE Byl ki
agent pacl idrexiethinedwhatesthgtthe pdipmersgathasefrdaal cdersginan. in vitro
experinment for the production of 15the polyner particles. The

wat er -i nsol ubl e paclitaxel is dissolved and concentrated in the

hydr ophobi crp@kyéXample® bEhRF tHeREmPOYioHRIT ROt yridr ParticRe flal baxRkifled aRer €
nmerely added to the solution for the formati‘on of the polyner

par ades, whtateslipdixample 2active ingredient is concentrated in the
particles. This is verified once the polynmer particles have fornmed by
renoving themfromthe reaction batch and investigating the solution
20f or the haseice?.dhfl@achi tiRttémivynateanssitidn HthépolTner @welgase in

paclitaxel concentratign in the, solution here sho hat it has bheen
i ncor por at di* HGRITRORES 3 SHRpRHEN LSO it dhe mgmbraRe ?%S%? ptoguhieh a1 ackive

bi odegy@de ih@e&i@xﬁ_iﬂo%@ﬁt%ﬁhcédhfbr%%ﬁ{& it rﬂ%ﬁé’b@ﬁﬁolé 18 coptisiaguent ly

rel eased. A Teaction batch vm_t’hout pol’'ymer particles is used as a
control , wremppsitipmofithe shosphndipidayes on thesarfereof bindegrpdablenslymer| i t axel
concentratign. i e | Lt | 2 Lted.to : | gl @,f ormation.
Seampl e o: lisk: HAERRalL Ut Gt pR bR ey BT
acti ve subdiategedabiapolixactyartiviestrighpfrarh dhemovikion bf the eolatisresaiiyd foocat ed
on the surfagce of the polyner_particles. | .th roteins stated in
Flgure 1 miplBer eEHSk dumalion p e e g b revial AR O

" crossrd i Nkdbgspoidih@tatir@enty¥y Hin2RIRKRIrE NGBt ahiphipROR rfledulte.

bi ol ogically active substance via proteins which are bound to the
particle surface. -31- Exanple 6.1 Purposeful nodification of a

¢ e "5 L . : ont
e oxanpi & optp bRl RERARATENC R liep HOBGIRAAL SR L HRE of HAl:RTeET
at t achment ofthelpptimaer eyreéhdse arechovkdnarivadiic the fHimyation »Hthe pblymecparticles. As

doxorubi cin has been described b . . . .
po. ymensatl%n proceec{s, tti)le poly}f]er particles according to the invention become larger

20 and the polymer synthases on the surface are no longer able completely to shield the
surface of the polymer particles. As a result, hydrophobic zones (of polymer) are

exposed, to which amphiphilic molecules spontaneously attach themselves.

In the case of in vivo produced particles, the phospholipid layer which is already present

25 must first be removed. To this end, acetone extraction is performed or phospholipases or
non-denaturing detergents are used to destroy the phospholipid layer. Then, as already
described above, a mixture of the appropriate amphiphilic molecules is added to the
now virtually lipid-free polymer particles. Negatively charged phospholipids or
phosphatidyl choline are preferably used here. In one exemplary embodiment of

30  purposeful control of membrane composition, the polymer particles are suspended in
PBS containing 1% octyl glycoside {pH 7.5) and dialysed against an excess of
phosphatidyl choline while being stirred. The resultant particle surface is particularly
well suited to fusion with brain capillary endothelial cells (BCEC).



5 King, H D et al., Biconjugate Chem 1999, Vol. 10, pp. 279-288) to
t he pol yner synthase PhaCl from P. aerugi nosa, which is bound on the
surface of the polyner particles and contains two N-termnally
inserted cysteine residues. These cystei ne residues formthe binding
domai n of the polymer synthase, by mead%~of which the biologically
active substances may be bound. 10 Coning The triplets coding for
the cysteine residues are cloned by PCR nutagenesis into the gene
codi ng for ich its tr}en.cl Q eg it.ott ~

restricti omras U PUAD AT YA AR I R PO PR
restricti onUgthlteas shisstan¥éahtoalscopastthe bib@egthiable polynfe pirticle hi Mrehdie
gene in this PCR nutagenesis. The prinmers used for_ the PCR .
nut agenesi,sbesk qlewéatwﬁla@teéwﬁ#w&btﬁéa%wec ¢fdhg lipopbikieflyorsatsntduedyle
primer {£or e : .

5 Gagct ot aaaslrkeSELONS Mo USA)ex Ryodamine 123 Spickermang, P ol At
7, Xbar resMicrattiololP98) Vel. i 7, bpl 73;800ME duringinetvoomdrevitrb pedlictaomglasor i mer

for the CGtermnus 5' -.agacgc ccitttcatcgttc ca:.3' EQ | D No.
5 Bar kR Ehd B DS gh il et SAgER e RT o Becpiciphed
of SEQ I D NaitchDayefnold¥eie doyhh@ pisRrs piodlicedRad bestdeRad, nld dyaig Jfkat ed
into the simlarly hydrol ysedm%leasm d pBHR71. The resultant plasmd,

desi gnat ed RebmRey partigles peging as garlpas durigg thegathesistherepiang epen bafgre by
neans f kn o hdugs, where it then enables the formation of
pol ymer particles bearing a polyner synthase on the surface thereof,
whi ch pol ynmer synthase bears two cysteine residues for 25the

attachnent of vario ubst ances, i articul ar ar maceut.i cal
cubst ances. 1 pSiFEEedenis Witng phatHceHtionD ActigR S SHPd ey PRy be nGueRiraed
daunonabi ciifth théd HeiyraerQRBR-oTeKH miktate. FeF &afplel 1h nBeboldraytitiMviupigegteed Vi a

these surface-exposed cysteine residues. To this end, the follow ng
net hod is wpgelifaxe] sordded forthe 1gection batsh énpngo pistoyaraeriment for dherroduchpr pf
vol u n 31}%}'. : E j i for
3 h gfl 5é?Ct?mn]‘Bcﬂe I mb%%aﬂj%%é%ggs E pI£| g&gﬁa"gz%&g%%%ﬁu %‘hileot Ségiqftiiol
(DTT). Thi ghe hyelzapiebic pplychec exe biithe golyunef padtiiclés: Patdicael in hehenepady pdred
synt hase. The | ow.nmolecul ar wei ght, compounds .are.then renoved by 30
o it os: " canfiespER o e Pt 35 e SATRRBARR bR BB E o

pol yner parifigrédias igdoncéntated snitppntields \hidis verified@ncEBS pblyfreeparfigiéd
7.5), which contains 10 ppol_ of the hydrazone-bound doxorubicin, and

i ncubat ed fhaye Bemed by remoxing tham Gpmithy igaqtiep paigh ardiny ¢speatingiheselytion
agai n perf 3&;}%&9&%& of (RIIARA 65 pileAl A4IAQNAE iBSsk th PfRkel! O VASH

the treate mer particles. ”Unbound 5Sdoxorubicin i's detected by
subsequent chfRte@rativa in He solution bert shovestthal dtrhae heentincor preatpdinymtbe pelymehase

is verified th duced copgent.ratiqn, ampl.e 6,2 Attachnent . of
b ol ogi oot i S HEBTRE: SERENEALIO0 i i BB En S ale ERORGL 160
i ngr edi ent subseqidnty bdleedI @ Wanioh batoh witheut polyyeeparfieled iis @beisas a control,

wherein in this case there is no decrease in the paclitaxel concentration in the solution

25 suited to polymer particle formation.

Example 6: Functionalisation of the particle surface

Biologically active substances can be bound to proteins which are already located on the
surface of the polymer particles. All the proteins stated in Figure 1 may be considered.
30  This results in a plurality of “cross-linking"-strategies, which enable covalent linkage of

the biologically active substance via proteins which are bound to the particle surface.



10Active ingredients may al so be bound to the polynmer particles by
bei ng bound via the binding domain onto the proteins bound to the
surface of the polyner particles. To this end, a binding domain nust
first of all be created. Binding of b|olog|cally active substances is
achi eved by genetic nodification of sudface-bound proteins of the

pol ymer partlcles (such as for exanple polyner depolynerase phasi n
or phasi n- | E{agpgg {1034 A SUTH i 2 giflodtaor ), such
t hat these ﬁrotelqs {orn1an{§ ﬁardly dlrected blndlng domai n by
means of t or a biologically active substance
may be boundne éiambms)rfﬁmm&nahmoah@mpatya{eegarauei@me aacingdnost of the

polymer particles with a protein which enables direct attachment of a
coupl i ng re]a@ 9neolr0uad BP’&H%?IEQH%Z%%P%d%W@%@aS beendescabedhit i al
to ensuge i c t fysi an t

pr ot ei zgof It&hlg pol gtrrfagrlﬂ%gﬂl?ﬁ%c?a{lh@ uvh(?t 1 0 g?il’f?f@g}ft}ag%f%ﬂ%ﬁég

sur f ace pr(nymhmsezi’ttht fremf R stledkgprost, aitachi is béunidion thetuefaces thd polyme

exenpl ary enb ol r th w th two, FLA es is
oo oY RS RD ban Qo Bl i Ui SR o THEBSRRER) ' T o
P. aerugi n%ﬁduesfd’tﬁl tﬁéﬁﬂn&ﬁgﬂﬁinhﬁﬁﬂﬂaeﬁﬁﬁ&le@ sj*ﬂil@as@ﬁ?dﬂé&ﬁs of wigiewixgr ci al
anti - FLAG mAbs (nonocl onal "anti bodi es) (Anti-FLAG M2, Sigma-Al drich)
and t hen ofbielpgigally sstyscabsangss @Ry Be Boundt ended to prove the successf ul
perforifance of the process. In this Exanple, secondary

ant i body/ al kal i ne phosphat ase conjugates (anti nouse al kal i ne
phosphat as@lof.ﬁ'ngma Al dri ch) are used as the enzyrre mar ker. The

activity of the I n hat ase, on t ce,of the | ymer
1 bl b el S8lnd o BRI BARE SRRt Py R B PCR GRee Bt GrB e 5 )
Product i on gehe ébdafyl foPRaClaivhich isthi El6ned ﬂbﬁ@-maﬁ BuGHOResRicRb LR oThe
foll ow ng ol |§onucl eotides are used for the production of the

FLAG pol ymehe lgsimid 2BER7] sheyn ivrfiguse h0. The restnchon sites for Xbal and BamHI are
S' -tatggact
atgact agf,qalhal ArAde LARLE ﬁhﬁgﬁéﬁgﬁ%{%@%eg E$Q I mers used for Jhté%%(l D No.

t at gtttatcatcatcat ctttat gatcact agfc 10 an
11, Spel 5madisgenesis afrihsPha€lioodinglgene lﬁyé\(heefplﬂampgesaqndmes ipriewy for the N-

order to ohtai.n ubI Str ded i di s t|on

ol oo nue odbis SEeh SRRt s Rt et T G No11
uM and i ncaateselicfied siGn B, tajrs triplenuddeitined)ant hAmEHRDY the teerminus 5'-
doubl e-stranded DNA forned in this manner codes for the FLAG eﬁlp

I tope
( DY| CDDDDK)2a23686Rates etk saigtant) (FHALD Nea§. Ramtlesmeionsitnindipldd: Hasy ItO 0
the ovgy hansiRggRes s8bbfaied of SEQ ID No. 9 is then hydrolysed with Xbal and BamHI

and ligated into the similarly hydrolysed plasmid pPBHR71. The resultant plasmid,

designated pBHR71-Cys (Figure 12), is transformed into E. coli by means of known
techniques, where it then enables the formation of polymer particles bearing a polymer
synthase on the surface thereof, which polymer synthase bears two cysteine residues for

25 the attachment of various substances, in particular pharmaceutical substances.

Example 6.1.1 Attachment of doxorubicin (syn.: hydroxyl daunorubicin
Hydrazone-mediated “cross-linking” may now proceed via these surface-exposed
cysteine residues. To this end, the following method is used: 100 mg of the isolated
30  polymer particles (total volume 1 ml) to which the polymer synthase is bound are
incubated for 3 h at 37°C in helium-perfused PBS (pH 7.5) and 5 mM dithiothreitol
(DTT). This treatment reduces the disuifide bridges in the polymer synthase. The low

molecular weight compounds are then removed by 30 minutes' centrifugation at 4°C



10Ndel restriction site ( CAIl"ATG ). This DNA fragnent is hydrol ysed
with the restriction GIAT, AC enzyne Ndel and cloned into the vector
pHBR71 (Figure 10) which has to this end been simlarly hydrolysed.
The plasm d pElIHR71- FLAG (Fig. 13) obt a| ned in this manner contains
the gene with SEQ ID No. 12 and |rrpart'§ éxpression of a pol yner

synthase with N-term nal FLAG fusmn@%t his part of the protein now
forns the biddiORE0da@rdheyeduced Bobimsy parsirles arg chonsuspsudsed vy 1e1§1 e or

|
P hat SRAGEIgh 73Y oA BB Dlnfio RS Rlop ROl APRB L GFF
during cl ornmag)atea fadidi hinan4td. \A feey thid adplod, deattifiidadon i32gdih patﬂom’fcdalﬂ&'er

desired further DNA fragnents whjch code for functional i ns,
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transformed into E. coli strains which already contain the plasmd
pBBad- F andpoixhérisiymthaseipdirificé ty thetredpcedcahcentnatibol i sm (al Exanple 3),
the polyner particles are expressed. The pol yner particles are
isolated fromthe cells by disrupting the cells and are washed three

times 25wt aﬂ;ﬁé@leAt&fclJm@oTbﬁloglc'Ehﬁaﬂﬁ"etsﬁMtanm inlm&alaaplﬁrmmﬁimc

i ncubated for, 30 m n at RT wit h nocl I antl - FLAG anti bodi es whi ch
bind to thecHinasedienisdo the bindinegomaiy epgl RArLIC,CS then revvashed

as al reqdy &&%tﬁ@&%@hﬂt{ﬁm@s@b&m@% megyt%te 1&

al kal i ne ph ugcghat ase conjugate for 30 mn”at S buffer After
t he 30 ni nutiedng dmamantp@lwpmhmgéomtoflmseﬁa@r@ﬂmbwrmnﬂ@e; T this

tris-HCl (pHy a§%1 ngoﬁ‘ltﬂ}g@nu%t AU A1k cpeabcﬁ ﬁm%hrngggﬁlgtpﬁgg é& gte are

added to thé ’par suspensi oh as a substra I'ne

phosphat as eeubihﬁ:es&:@ tathiéved bgfge:tdme n&idkth:latlmeoﬁmﬁmpﬂ:lama& proteinsofalsa sodgmer
spectronetrical l h40nm Po‘?}yﬂ_l p ticles which QnH&F a.

pol yner sy Suc Y EXPRIKB FseFhesmor Rhagin-lige proteins, ¢ he
FLAG epi t O%tm@ér%yﬂ%g Rfynier RS RkdrY, %u&ﬁﬂﬁtﬁﬁ’ése Rr%té?ﬁ‘sefohﬂ% @Q%Fhl

p- ni trophenyl phosphate i's not” converted in the control, the results
of the spedtiregtaebindingdomeinbyrmaemns ofwhigh @ cenpliag eeage@atabrelog’lmﬁy Adive

the | noor por ek B bp BBl RRRRGIR TN ARt LRIE Brd S 18 iRl
functi onal igayticbds withe p:roﬂemmetnctsgmbhadmect atdchmpiitad @ ssuptmg ralgem obe
performed w.th o le %g ot her ., above- st ated sur.face g OtSrhnS af the
pol yner par 18$‘8“§YEPPV? stgce b fsessentalde enspredp diisrogsss theh afirn e us | y
nodi figd, axie] Me abrtdcy pfbftelﬁ BELEBSmERFdrEdle, TDBhaaaRy BBYoth ehdaatmag t o

t he pol ymer particles
protein and the ﬁlsed protein is fully retained.

In one exemplary embodiment, a polymer particle with two FLAG epitopes is fused
directly onto the N-terminus of the polymer synthase PhaCl from P. aeruginosa . The
25 FLAG epitopes enable the binding of commercial anti-FLAG mAbs {monocional
antibodies) {Anti-FLAG M2, Sigma-Aldrich) and then of enzyme markers which are
intended to prove the successful performance of the process. In this Example, secondary
antibody/alkaline phosphatase conjugates (antimouse alkaline phosphatase, Sigma-
Aldrich) are used as the enzyme marker. The activity of the alkaline phosphatase on the

30 surface of the polymer particles is then determined photometrically,



10permtting nmultifunctionality and maki ng them suitable for many
different applications. While in the previous exanple a biologically
active substance was subsequently bound to the already expressed and
formed surface protein of the polymner_ Qartlcle it is also of course
possible to fuse the protein directly Wth the surface protein and

t hen expre oPthrs en he codi ) f the rtoter ns
(for exanpl o aCl
gene of therrrbabmngbﬁéénmtmme@lmm ft)mg@mmamrcetmtawgsl r PCR
whi ch in each case code for the protei nto be |nserted and for the
C-terninal rBgfedhtionprofeins Spitepalagtzatisteaqaatpatpsioatsaden-3'apd Enabl e

20f usion w C £1) a get her
by neans of&@wﬁ#% ﬁgﬁta -[%nssggﬁ)%gbwt @%lflde rltﬂé;[\% EP%P%rlgrs

the 5 Bnd reftrittiinsithybdld] Fdiieepiape md&rlmba)wheordér ta oblthmfdoohie-tsttmdsﬂ art

codon, a ri I o] ndrn srte nd strrctron site are
oo en byDRR TRy bR SaR s el egnyaaortes e myed Sotaietn QRIS as
for exanpl Q%b ér&bﬁm Pﬁg/é&r ¥Rl S RFninht tkdinfeaERnr@{RaThe dtasrea

I NaAl

ri bosonal is no longer necessary additionally

insert a rumsdﬂédngrbrfmeﬁgl Hhistreanngrrgdeser thFMCawﬁpns@YléaDDDK) and
t t f
CFant no | s PR egh6art 0Bl R S cRHRRR U0,

restriction sites at the &a%and 3' ends of the hybrid gene nust be
sel ect®Y sUdelrestictipmaiie (@;ﬂ;g- ddin DY ASmgmeat is hwkowetdhrlﬁl the eestrighen d
gene, so that cloning into ah expression vector can 30proceed

colinearly én%@ﬁdél&%&%l&hed%ﬂﬁﬁé @éctor}pﬂdli’?‘l%ﬁ%ﬁé% b @hich R8s oGS etFRRn
fromE. coil 1s anplified means o rimers which contain

an Sper resimilaby lwﬁr@mefé Ths plasrg@aﬁ%%?bf@&@dﬁtgg toatagtgétrt bisovayger 3'
SEQ | D No. i

- Goact agi P TP Eikech Tk SELBING (2 Snd BBl SorPRibn ot privisr v

restrict | ornwithi Itleermmal FBAS: fukion (this phunoBiliel ptoiteimnow fierms tieybintinipdomean).

renove t he ce of the,lacZ .gene by usin rimers in
r tor b & bopca R REE Sheatce AR HGTp R Fenehis By B0 B EndyAReans of
fragment wihi§ biaaRg Idanm ThSsih ﬁlﬁlsgaqurﬂam%ttb y«hioﬂwmteh@s&ﬂaiduced
restriction site of t he pHBR71- FL fgasm . uslongroteln

f

obt ai ned gal#Eng pleming és ftdﬁewrldmrer@ﬂabtﬁ theg ntssﬂgsbﬁef anydesired fagheriRfA

0- gal act osi | di ng polyner particles are

i sol at ed anfg%g‘%mgﬁg%%ogg?{%fgggﬁlgg@{ ﬁfﬁ%ﬂtﬁs denonstrat ed under reducing
conditions with the substrate o-ni trophenyl beta D- gal act opyr anosi de
(Cal bi,goche e 7: Stabil it

Coot ol oe B following AR isiisdi s Eable b O Ao r 6 SFP sl

construct. Once the pPBHR71-FLAG plasmid has been transformed into E. coli strains

e

which already contain the plasmid pBBad-F and exhibit a modified fatty acid
metabolism (¢.f Example 3), the polymer particles are expressed. The polymer
particles are isolated from the cells by disrupting the cells and are washed three times
25 with PBS buffer (pH 7.5). The polymer particles are then incubated for 30 min at RT
with monoclonal anti-FLAG antibodies which bind to the FLAG epitopes. The polymer
particles are then rewashed, as already described above, and then incubated with
secondary alkaline phosphatase conjugate for 30 min at RT in PBS buffer. After the 30
minutes' incubation, these particles are washed in 0,1 M tris-HC] (pH 8.5} and then 2
30  mg/ml of p-nitrophenyl phosphate are added to the particle suspension as a substrate for
the alkaline phosphatase. The activity of the alkaline phosphatase is measured
spectrometrically at 410 nm. Polymer particles which contain a polymer synthase



I nvestigations carried out for the purposes of the invention have
reveal ed that the polynmer synthase cannot be detached fromthe core
of the bi odegradabl e polyner particle either by treatnent with
denaturing reagents, such as for exanpg sodi um dodecyl sulfate
(SDS), urea, guanidium hydrochl oride of dlthlothreltol nor by the

use 15of aci jtions. This of t resence of
coval ont | ibgsE Bafine dRREe %&W&Fﬁ%@@%@eﬁaufeﬁea@a&ﬁmf esnteo].
particle bigididife sileBbMhitRIphthe pﬁ@gﬂ'ﬁ?fs 1Y E0rivas® in Tecoftr 81V Ak e&bults of
stability of the bond enables stabl e transportation of subst ances

bound to orthe gresirgrastee wasurﬁn@#ntswé‘iybmp e negaffve; Theagere dact Het e palymer
te. Th
N o e, e GBS0 Bl B e L BEEARRUAL ) HORG ol

donain)5islmﬂmbeﬂhﬂpnwmamQMkmmaydfﬁmpobﬁwrgmﬂm&ed by functiona

proteins using genetic engineering nmethods. In this manner, polyner
synt hase activity and synthesis of polyner particles are retained

(Rehm  B. H Phis fbcd maPhies B@ﬁ%rf@!!n@d)m&ﬁ oné'6 tfe 8BEaboViQktated g@face B)Q)tems

178-190). As a consequence, surface functionalisation is obtained
whi ch exhi fthe polvmespaickes. 6 erymorasyrface proteing argisimulipneauslpymedidichsn

with differg Hgl}%%ﬂﬂé% gm&&n%:& ﬁé\iyb‘é%ohiﬂ&o%é’faoq%&ﬁlah}’déc do' ve

subst ances coup I ng reagents bound "are Uited

appl i e si rpghhﬂngomﬂhﬁ:,ncmﬁﬁy\amglakmgehdtmsumblblfcﬁnnmtylduﬂﬁabntamhoaﬁormf
the polyner particle surface. These proteins are applied in vitro by
adding the purified proteins with different binding domains to the

synthesi s bghiidinQhe prewulhsv&aiameWI %ﬁmmcme duB&at@RAS siRedudBily bound
correspondlnggblcroorganlsnl whi ch 30i n each case code for a protein

wi th a bi ndp fhy alrearyi @rpressed agd fopmgthsurface proteim plithepolymer particle, it is also of
possi bi |l i t| f The
DS ot o e FORBREH I B LRGSR SRR e AR HTER BRI Bl i
entraplia (éEuthrs ead;ithe codmigdugenéas ofitieptadidd jfor exaimplirenpjmésb grefirgdd Bt be
repl aced by nct i.onal tel 5w t.hou horlng of the
phasi n. vi at'he & WW@ %&tﬁ?ﬁa@ﬁeﬂﬁ?ﬂg %%ﬁ%?bﬁpébtlﬂ rface of the
pol ymer particles. This anchoring is based on hydrophoblc
interactions _and is reversible et al, FEBS Letters

Hanl ey, S.Z.
1999, Vol . MW fragmentgeye phigyned ?ﬁ&’@?}l’lﬂei)é‘? % sash case agi?é’wtthwr%%to be
101 nt T acel oty BRI HIRE cORRBLNTREARAD e JlRd sinfleRebiue: Gaflbiee | ng

processes wth functional protel uncti onal I sation
of t h&&ur flesien with theehaol ganer Thedwoifmenty arcdigated mge&laﬁaeqmbf a

TNl e B B PSR ESHB e
i ntracel | uldistanp@by TRl from the start codon, a ribosomal binding site (GAGGAG) and a
restriction site are inserted by means of overhanging primers. If the vector used, such as
for example the pBHR71-FLAG vector used in this case, already has a ribosomal
25 binding site, it is no longer necessary additionally to insert a ribosomal binding site.
Together with an inserted restriction site at the 3' end of this hybrid gene, purposeful
cloning into the expression vector pPBHR71-FLAG is now possible. The restriction sites
at the 5' and 3' ends of the hybrid gene must be selected such that they do not occur a
second time within the hybrid gene, so that cloning into an expression vector can
30  proceed colinearly to the present promoter. In this Example, the lacZ gene from E. coli
is amplified by means of PCR with primers which contain an Spel restriction site: 5'-
ggactagtatgaccatgattacggattcactgge-3' (SEQ ID No.13, Spel restriction site in bold) and
5'-ccactagttititgacaccagaccaactggtaatggtageg-3' (SEQ ID No. 14, Spel restriction site in



depol ynerase of R eutropha binds the enzynme to the core of the

pol ymer particles (Saegusa, H et al., J. Bacteriol. 2001, Vol.
183(1), pp. 94-100). This Ctermnal fragnent of the intracel ful ar
pol ymer depol ynerases is fused by geneg%c engi neering processes with
functional prote| ns and so enabl es funttionalisation of the surface

of the 20 The, N;term no ac S e from
2140 o ¢ By teReen i KA Tt (R SPRE R hTRE Be Y yer
particles, @fnglthie ?ﬁﬁh@ﬁ ipbidef to@lﬁ&npm&mﬁﬁ@m&amgdﬁmnwﬁe RLAAYODRAS

bi nd the proteins pol yester core of ynmer particles

P ot o0 M SReEBRritaPEO 1D NAks sionss deciydntoven Spel BITEiion s of§e5468)

Thi s N-ter [ haF
Tnd phal -1 PHSIFROEH MR ThRGERIGER LoRBl AN (Phhe KaRSIEE P0
protei ancpol)lmmmsmlesamhﬁkgamdtoagaséanﬁww Hh@mm;aimldm polymer part1cles are
functional i,sat rfa e. of the polyner

L achona: Sftate St et A ARG s ool Ve aciog pand Heps with the
reagents. subs?ra?ec—mﬁ%ﬁﬁ&&leb&a D{gRYRIopHandsdd (Calbiché of the surface

proteins of the polyner particles wth a coupllng reagent The
proteins shown in Figure 1 on the surface of the bi odegradabl e

aﬁ: YRR ﬁgréﬂg;_%fe% %Ea\r{)];ﬁ}?{?lgfo&ﬁ%; e\{?}i@ﬁ eRPBfh e Srote0Ghd 1A GoRHRP EADEES

N- hydrioxys uhepalimerdertielest i n to |ysine). This enables the attachnment
of bi ol og| ally active. s ces, suc as for. exanpl e in by
Codoace ar iAo S Gk g e T P e enle e
biotin, thepiysier @ﬁ{tha%e Eannbt W detacRéapin tHe Bl Ot tiddclobadasit | FM?mer

substances onto surface proteins of these polymer particles.

These i ncl pgdicleraitherdytrmsimeent with deratinggeagepss.aveithsfonsagpleragium

Funct i onal | SSr Db i o) Sy AR AR Al fiflor BRAORRI0L Kty theusc

pol ymex5 pardf aciﬂies:onjdimblm Tigs H iddicative af the peserBaof 2covalent Hid@de be\Vwben thﬂ 6,

D Bodi s Bgfohsr RitiSle i ihe RO ne B A Lie BERGR ST e finiel SRS

di fferent swvhteg @ta&h’é}hﬁ'@ﬁe BORM cBdb3e shbleatdahetor 6F sQbd@iced tsbuhaﬂ%rt to
the pol yner particles a 15specifi ¢ surface charge which is

advant ageoda°OFRFated iatnsthe PeIyI: RAKiMgsita el ﬁafﬁﬁttsﬁe erhieROiAHHREHREY of
Label | i ng Qﬂet iﬂ@b&&m?gmﬁsﬁm@@ suﬁm% Hihd Qs BOLVIB

particles w lotin achi"eved by neans o n- roxysuccl nim de
bi ot i r20 | n hydokasesdqragin)nie axtrenpady yarable 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. et al, Biochem. Biophys.
Acta 2002, Vol. 1594, pp. 178-190). As a consequence, surface functionalisation is
obtained which exhibits elevated stability. A mixture of different proteins with different
25  binding domains to which the biologically active substances and/or coupling reagents
are bound are, if required, applied simultaneously, so giving rise to
multifunctionalisation of the polymer particle surface. These proteins are applied in
vitro by adding the purified proteins with different binding domains to the synthesis
batch or in vivo by expression of the genes in the corresponding microorganism which

30  ineach case code for a protein with a binding domain.



20particles which bear the polyner synthase PhaCl from P. aerugi nosa
are isolated fromreconbinant E. coil which bears the plasm d pHBR71.
After isolation, the polynmer particles are washed three tines in PBS
(pH 8.0) washed and n- hydroxysu00|n|n1 > biotin (Sigma-Aldrich) is
then added to the solution up to a fil ~ concentration of 5 M The
reaction i , .afteri5 nlnutes |ncubat|on
at 4C. 25DEXBE grthiep ROSS es, 1ot miodirving the suriace protens of{hey

per f or med g@lbm§he assi stance of the streptaV|d|n al kal i ne
phosphat asé conj ugate (Sigma-Aldrich) and o-nitrophenyl phosphate

( Cal bi ocheiffe @ﬁemwtﬁragmeut of ﬂletsnlefamtcmlphw! dihal) frdin Baenriophe éanvihg ch
have not bee =hydr o uce bi at.i part.i cl es
do not exhft Ees “E%f‘”ﬂ\eg“%ﬂ BySroamie d edrgﬁ‘a#e% bﬁ%‘“%t“’%l PIdeiPhe
exanpl s | ingthest pb@re@tmgtdnetmngroﬁmhyswmha{e pwmérlpwcre&ﬂgﬁrﬁg Sonlai to

| i nki ng bi ol ogically active substances with the assistance of which

t he surfacgmﬁPg?ﬁﬂﬁéwﬁpbﬁﬁﬁpﬁﬁF sfer particles produced here may be
activated. -38- 1. WHAT WE CLAIM I S: A process for producing
pol ymer particles having surface-bound proteins, the process

conpri si ngThisAhghodug thi asedeondwiitopbehipintesaatignoand ivreversible (glenless, S Bt

code for tei fuUsion te| npri sing
a pol ymer g@ﬁﬁﬁg?} Fter(sﬂgl'%@( g?l '?'u? pgrwﬁﬁqsé’hﬁ]l%gﬁ?ﬂn %‘gbl e of
bi ndi ng onnatelRik polpinet a@bg@iel—aseﬁelfdswbﬁ g&)ﬁhﬁ&fg@&eﬂﬁg ﬁﬂ&s@d’s v e
coupling reagentr or  a conblng t her eof g W%P )one or_nore
bi ol ogi cal fupctonal prateisapd poenablgs g{‘"‘@‘j‘m’éh%ﬁ'ﬂi" the sofpce REWE pPlymeR e
pol ymer Syp&ha\%% %mc}f%hmq&npﬂiaxmm BRbiblcsl 8 PAMYE RbsARERIRI/0AN
B) cultivating t%e cel culture nediumso that the cell produces
t he fusi oncoupbngieagdntsom t he one or nore genes and the fusion protein
produces polyner particles, 15wherein the polyner particle binding
dormain of the fusion protein is covalently bound

15 The C-terminus (amino acid residue from >180) of the intracellular polymer

depolymerase of R. eufropha binds the enzyme to the core of the polymer particles
(Saegusa, H. et al., J. Bacteriol. 2001, Vol. 183(1), pp. 94-100}. This C-terminal
fragment of the intracellular polymer depolymerases is fused by genetic engineering
processes with functional proteins and so enables functionalisation of the surface of the

20 polymer particle.

The N-terminus (amino acid residue from <140) of the expression products, bound to
the surface of the polymer particles, of the genes phal and phaF from Pseudomonas
oleavorans bind the proteins to the polyester core of the polymer particles {Prieto, M.A.

25 et al., J. Bacteriol. 1999, Vol. 181(3), pp. 858-868). This N-terminal fragment of the
expression products of the genes phaF and phal is fused by genetic engineering
processes with a functional protein and the resultant binding domain then enables
functionalisation of the surface of the polymer particle by attachment of biologically
active substances and/or coupling reagents.

30



to a polyner particle; and C) separating the polyner particles from
the cultivated cells to produce a conposition conprising polyner
particles having surface-bound proteins. 2. A process of claiml,
wherein the cell further conprises ZOQE one or nore genes that code
for one or nore proteins involved in the formation of polyner
particles, éhe .rot ' pol oartlcle blndlno donai n
or : : fi syriace prote hep gr particles wit
addi ti onal J&ﬁmﬁﬁkﬁﬁﬁgglns t he addltlonal fu5|on proteins conprising
a polymer partrcle binding donmain or 25a protein involved in the
formation oTFhetpnémp@ﬂ;@mrm gwutq corethe sufase of thediodegradabld prilymerpapislepmer
particle b|nd| | pation t . one, or nore
bi ol ogi cal 1% y ct fe\?fe%m;ﬁl{(l)l‘t 81906%‘: %ﬁélﬂ;? r%s%smnces wlﬂmh%qd P ECIF%?QIP{% SR ns
capabl e of daiifglacids (Corexatipladi-eydid:baginiaide piogiatd mnspmﬁisaﬂmés th¢ one
or nore coupllng reagents or a conbi nation thereof, or (|| one or
more bi ol odit@dmept %’fﬁl?legciﬂycﬁcavwb%%ﬁgdbqs fagsxample of bigtig

domai ns_canaagefthideinftdiRa 16R5b cJRiRe. MAAESCakh s 6 Y}?en%waataances
or one 5or nore coupling reagents or a conbination thereof, or (e)a
conbi nat i orfutthes tiekdge OBblAlqgrcelileg@waauh:stadmgmmh@slafam progainsof theser ei n

t he cell co rises..two es at o Jrore fusion
broterns oRSBRE BgHES 1Rese BhGI Rl SRarhtlf v Pl R LRl on
proteirs. XRdnstives be ddund to @izgmesadiso rpeﬂmopkugﬂemvmhaimﬂlsﬁmrt dfthes

havi ng surface- bound
g surface pl’OtQil’lS of the biodegradable polymer particles (Rehm, B.H.A. etal., J.

Bacteriol. 1994, Vol. 176, pp. 5639-5647). This functionalisation may proceed by

attachment of antibodies or pharmaceutical active ingredients. Molecules with different
surface charges may also be attached in order to impart to the polymer particles a
15 specific surface charge which is advantageous for transport through/fusion with certain

membranes.

Labelling of lysine residues on the surface proteins of the polymer particles with biotin
is achieved by means of n-hydroxysuccinimide biotin. In this experiment, polymer

20 particles which bear the polymer synthase PhaCl from P. aeruginosa are isolated from
recombinant E. coli which bears the plasmid pHBR71. After isolation, the polymer
particles are washed three times in PBS (pH 8.0) washed and n-hydroxysuccinimide
biotin (Sigma-Aldrich) is then added to the solution up to a final concentration of 5
mM. The reaction is terminated by washing again after 5 minutes' incubation at 4°C.

25  Detection of the biotin bound to the particle surface is performed with the assistance of
the streptavidin-alkaline phosphatase conjugate {Sigma-Aldrich) and o-nitrophenyl
phosphate (Calbiochem) as substrate. In the control batch with particles which have not
been treated with n-hydroxysuccinimide biotin, the particles do not exhibit alkaline
phosphatase activity.

30
In addition to the exampiles listed here, there are many other coupling reagents for
linking biologically active substances with the assistance of which the surface proteins

of the polymer particles produced here may be activated.



proteins, the process conprising Aproviding a solution suited to
pol ynmer particle formation conprising at | east one substrate;

B)i ntroducing into the solution one or nore fusion proteins, the
fusion proteins 15conprising a ponneLB§¥nthase and (a) one or nore
bi ndi ng domai ns capabl e of binding one”or nore biologically active

subst ances 0 re_coupling reagents or a conbination thereof;
or (b) oneW&Amﬁgaﬁmﬁﬁi cally active proteins, or 20(c)a

conbi nati on thereof, the polymer synthase of the fusion protein
conprising a polynmer particle binding domain, and C)naintaining the
sol ution sul.t ed 4 progessyerarodugingipelymef patieles tavirgourihes-bauné pfoteing the
protein prodrgge%s Goolr}égrer particles, wherein the polyner particle

bi ndi ng donir i of T he #5f usi on protein is covalently bound to a

pol ynmersparticl es) - 4fovidit@) calin@ndiisiig ofe Of Bbigesesitit 0bASr drit dr gbre
formati on of polynmer particles, the proteins conprising a polyner
particle bi W&PH@‘%%FW@%‘PH Prptsins GRBIEHNGH PEYRENHYPIhaKaind usi on
proteins, the additional fusion proteins conprising a polyner

particle binding domgyn opneorhdit BinbinkHsais dadaBleldtBinkiiaRE bPoRf the
Spol ymer particles, the protein conprising a polyner particle binding

domai n, or a conbination bieigiely aciivd substancessr eneer Mere coulivE sefigents | v
active proteins or one O.ro{@éo?rbl}?ria%hﬂﬂzr&?r@i ns capabl e of binding one
ubs ’

or nore biologically active S ances or’ one or nore coupling
reagents or a conbination thereof, or 10(ii)one or nore biologically
activelproteins and dme opnevmeorbbietlighglly active proteins, or

{c) a combination thereof,
the polymer synthase comprising a polymer particle binding domain; and

B) cultivating the cell in a culture medium so that the cell produces the fusion
protein from the one or more genes and the fusion protein produces polymer particles,
15 wherein the polymer particle binding domain of the fusion protein is covalently bound

to a polymer particle; and

C) separating the polymer particles from the cultivated cells to produce a

composition comprising polymer particles having surface-bound proteins.
2, A process of claim 1, wherein the cell further comprises

20 (a) one or more genes that code for one or more proteins involved in
the formation of polymer particles, the proteins comprising a polymer particle binding

domain, or

(b)  one or more genes that code for one or more additional fusion
proteins, the additional fusion proteins comprising a polymer particle binding domain or
25  a protein involved in the formation of the polymer particles, the protein comprising a

polymer particle binding domain, or a combination thereof, and

(i) one or more biologically active proteins or one or more



dormai ns capabl e of binding one or nore biologically active substances
or one or nore coupling reagents or a conbination thereof, or (c) a
conbi nation thereof. 6. A process according to clahn 4 or 5, wherein
t he pol yner synthase or the fusion 1595 tein conprising a polyner
synthase is added to the solution in a guantity sufficient to ensure
control of

si.ze ,of t articl s accordi ng
to any one l?jf“?‘% 3‘?%“%"3&’5’%%0?%%@3 F&f WH’%"‘%E‘I“E&&%HY é‘g‘i’(ﬁﬁ’ EAECESI08 oG
more fatty &%&éc&ﬁﬂn@?ea@&b@ or@n®iafE: BereBf, oA Process according to

any one of clains to 7, wherein one or nnre 20anphi philic nol ecul es
fromthe group of phospholipids and ether ids is added to the
solution to control the cﬁﬂpos@ﬂeloéﬁlotﬁblalogicﬁ Yaqtizg proteyrs apf engefrmeige

of the poly lﬂ‘r?&nﬁé’{l‘érhéﬁé @apmﬁe of%lx?&{?%&?esor%?&%ﬂl %%a@fa&% finds of bill M

4 to 8, wher ree or nore AT ent u3|on
protei ns are nmott t@nliog ckagentortalvembimatitn tharco20540. A process accor di ng
to any one of clains 2 to 9, mherein the protein involved in the
formati on of pol yner parti cl eIe ted fromthe group consisting
of a phaA thiol ase, pha%‘%@? ?%’uctase a pol ymer

depol ynerase, a polyner - - regulator a polynmer synthase and a

particle size-det pﬂoa&saaagrd@mgxbelamnqrora Whdtbin Migd detl Roinbites 6ho orlxﬁoreA
process according to anyq(eotne of clains. 2 to 10, ﬁgerel n the poly
particle bindi n@eRSHat fodedApoE snarefsion pyateips ?fé P8¥@°‘[’ii3’-’ra?5r¥ba‘&8 in

of a protein SSq&ﬁﬁkggrR&gnh&a§mgkﬂgp consi sting of a polyner
depol ynerase, a pol yner

10 4. An in vitro process for producing polymer particles having surface-bound

proteins, the process comprising

A) providing a solution suited to polymer particle formation comprising at least one

substrate;

B) introducing into the solution one or more fusion proteins, the fusion proteins

15 comprising a polymer synthase and

(a)  oneormore binding domains capable of binding one or more
biologically active substances or one ot more coupling reagents or a

combination thereof, or
(b)  one or more biologically active proteins, or
20 {c)  acombination thereof,

the polymer synthase of the fusion protein comprising a polymer particle binding

domain, and

C)  maintaining the solution suited to polymer particle formation so that the fusion
protein produces polymer particles, wherein the polymer particle binding domain of the

25 fusion protein is covalently bound to a polymer particle.

5. A process according to claim 4, further comprising introducing into the solution



regul ator, a polyner synthase and a particle size-determning
protein. 12. A process according to any one of clains Ito 11, wherein
the polyner synthase is froma mcroorgani smof the genera Ral stonia,
Al cal i genes, Pseudononas, Aeronpbnas or QT,hI ocapsa, or from Ral stonia
eutropha, Pseudonpnas 10ol eovorans, psé&lidononas putida, Pseudonpbnas

aer ugi nosa, Aeronobnas punctata or Th| oc%ﬁga pfennjgii. 13. A process
accordi ng t® anyh® femeHe Peqtsipmvelved mahe {pgeptianof palymerparticles. hearetaing r

the sol uti HL bRRPHHARE bidink d6nBinf @ MALI ON conpri ses at | east
one fatty ?g}n@ ﬁlgﬁp funf():tl onal %de grnoup sel ected from net hyl
groups, alk groups, 15hydroxyl groups, &henyl groups, sulfhydryl
groups, pri(Rary oneeveeeadditiare fusiantrireteips, 4bs aiditignal fpsion proteéstyyedmprising
OO K RSN AR o BRI L PR SRS U OUPS,

t hi oester gro oxyli e groups oups,
acetal gr oqm@,mep pasiplas it proRbEOhPHSIGE Qp@@nﬁﬂﬁarﬁdfl@ﬁiﬁﬁﬂﬂg@loﬂiaﬁ$ bed
groups, or a m xtur of any two or nore thereof. 2014. A process
accor di ng t8maHptiThbergphandi ng 1 to 13, wherein a substrate is added
to the culture nediumor the solution suited to polyner particle
formation in SU%E a Gx'ak%}tméﬂ bfolb‘ﬁcall? aétﬁregktftélh%r%% of RoRIbiktifs FRRYiAO!
of the size of t &M‘d particles rocess according to any
one of clainms | cevable mgjone ar wpysi biplpgigaky apb‘&a?tub%tallms eHue uRPEce of
the polyner parf, ol ymer particles 25and
repl aced by a |Ipllﬁ%ﬁ§ mﬁ?w gr?’ﬂ-‘eaﬁl&gg?e}egglo |on. 16. A process
according to any one of clainms | to 15, V\/nerel n the pol ynmer particles
have adi anmet er (i0f 1®nemmm<ufe BiobxgicaﬂjaaqtiVﬂptmiMdmp onmom’aimctmglog nm
50 nun to 500 n accordi ng

Lo any one of cPurREs ErAYSTEORIRE PRy mpre Pl e e RS E fgme oF

active subst ancenops coablin@@aden®e ady@biahtich thersdfise t hereof is added to
the culture nmediumor the solution suited to polymer particle
formation ? d incor orateg info the particles. 518. A process

accor di ng an?cﬁ‘ﬂ Ingfgont 1 to 17, wherein the binding domain or
6. A process according to claim 4 or 5, wherein the polymer synthase or the fusion
15 protein comprising a polymer synthase is added to the solution in a quantity

sufficient to ensure control of the size of the polymer particles.

7. A process according to any one of claims 4 to 6, wherein the solution comprises

one or more fatty acids and an acyl CoA oxidase.

8. A process according to any one of claims 4 to 7, wherein one or more
20 amphiphilic molecules from the group of phospholipids and ether lipids is added
to the solution to control the composition of a lipid layer on the surface of the
polymer particle.
9. A process according to any one of claims 4 to 8, wherein two or more, or three

or more different fusion proteins are introduced into the solution.

25 10. A process according to any one of claims 2 to 9, wherein the protein involved in
the formation of polymer particles is selected from the group consisting of a

phaA thiolase, a phaB ketoacyl reductase, a polymer depolymerase, a polymer



the biologically active protein is selected fromthe group consisting
of one or nore oligopeptides, one or nore antibodies, one or nore
enzynes, one or nore abzynes, one or nore non-catalytic proteins, one
or nore FLAG epitopes and one or nore one cysteine residues, or a
conbi nation of any two or nore thereofl-1019. A process according to
any one of clains 1 to 18, further conprising D) binding a
coupl i ng r eagentgulaod, holymetsynthaskoadiamartixie size-determir)ingprotbimer aa

coupl i ng reagentnio t.he bi ndi ng donai n, and binding a biologically
active substanc@mp@alionthersghl i ng reagent, or F) binding a

bi ol ogically active substance to the binding domain, or

15G) chemi cal | y Apfdbdsy ai@rdileton@l WABH @itk Ras €0,Gfhekdie thepatydied pafiviel ved
in the formation of polynmer particles to format |east one binding

domai n by cont déadingrean snprisey the pplymasrariele binding demainpl aipraiein

coupl ing reage ' ' e f. 20.A
o ocess accor ditasc P EEInE A, kil & o A M lim BBt pGHEP
bi ol ogi cal | y actgueordpelysieasynthasesania)pastied cesitead dtdrméhimgorblear.

bi ol ogically active substance, or (b) conprises a pharmaceutically
active substancg, or (c el ected from.(i)di deoxyi nogi ne

L oxuri i ne o nePeas ARt S o sut BTk AT L SR B Betymer smthase
1- dar ubi ci n, eiisfbmtainficrodRiahitin o) Rnerh ReBkoni AVdalib ek, Feeudomonas,
anti coagul ants, germcides, antiarrhythmc agents and active

i ngredi ent pr eelgfaenrgs g Thiocapsa ot fami Radyenje gitrapbe.durudogionas

10 oleovorans, Pseudomonas putida, Pseudomonas aeruginosa, Aeromonas

punctata or Thiocapsa pfennigii. .

13. A process according to any one of claims I to 12, wherein the culture medium or
the solution suited to polymer particle formation comprises at least one fatty
acid with a functional side group selected from methyl groups, alkyl groups,

15 hydroxy!l groups, phenyl groups, sulfhydryl groups, primary, secondary and
tertiary amino groups, aldehyde groups, keto groups, ether groups, carboxyl
groups, O-ester groups, thioester groups, carboxylic acid amide groups,
hemiacetal groups, acetal groups, phosphate monoester groups and phosphate

diester groups, or a mixfure of any two or more thereof.

20 I4. A process according to any one of claims 1 to 13, wherein a substrate is added to
the culture medium or the solution suited fo polymer particle formation in such a

quantity that it is sufficient to ensure control of the size of the polymer particles.

15. A process according to any one of claims ] to 14, wherein a lipid layer located
on the surface of the polymer particles is separated from the polymer particles
25 and replaced by a lipid layer of another composition.

16. A process according to any one of claims 1 to 15, wherein the polymer particles
have a diameter of 10 nm to 3 pm, 10 nm to 900 nm, 10 nm to 100 nm, 50 nm to
500 nm, or 150 nm 1o 250 nm.



(ti)insulin, calcitonin, ACTH, glucagons, somatostatin, somatorropin,
somat onedi n, parathyroid hornone, erythropoietin, hypothal amc

rel ease factors, prolactin, thyroid-stinulating hornone, endophins,
enkephal i ns, vasopressins, 5non-naturthy occurring opi ates,

super oxi de di snut ase, anti bodies, interferons, asparagi nase,

argi nase, arginipe deam nase, ,adenosi deam nas r.i banucl ease,
trypsin, chélﬂot r@ﬁgqcﬁssﬁfcoﬁilﬂgf%@y?f?ﬂij g?lgggstg qg’c@?ﬁrﬂpﬁ €B6°%hy one of
clains 1 to 20, wibegRhlly dchioe ibelam@ of al lexst 86d dyé@dr RNAk@idthértoSehaRkH &6
frominsulin, calcitonin, ACTH, glucagons, sonmatostatin

10somat ot ropi n, WeAEiusHEEdRN o5 thesohyion Fuited & priaer nspiHospdiontang

hypot hal am ¢ relxﬁ@cﬁfmﬁf@&hﬂé ﬁmIpQﬁl%ieQCti n, thyroid-stimulating hornone,
endophi ns, enkephalins, vasopressins, non-naturally occurring

opi ates, superoxide di snutase, antibodies, interferons, asparagi nase,
argi nas@, at®i ni Apratemmicenadieg teeagwos bhdaidsd it haseherain thehbincdimadomain or

t in, chynot ' in 1522 di ng t
of "erai s 170 21HE RRIbeBPI FREe BisUR fo7sicr A §efiie ESCRPeePEe FrBfor o
group consi sti nomék olizGrletidvs Condvd KREOANGbAIY, b 1 TRdT0 BhL B 0aE loflfiore

(BOP-Cl), bronotrispyrrolidi nophosphoni um hexafl uor ophosphat e
(PyBroP), benzotdbzyRes one qFresg Jo-gatalpic prafeing; %&ha@mﬂﬁhﬁ [gpitopes and
hexaf | uor ophosp ) z T We) A I
Obenzot 1 avol - 1.y Toy eyl KeldRey eIt R oP b3 B or st eredt
(HBTU), dicycl ohexyl carbodii m de, disuccinimdyl carbonate, 1-(3-

di met hiPam Hopr ohppwress-aeconding tordny one of deims HHT) §, fhithef 2oropmisidy

oxazol ydi nyl ) phosphi ne, diisopropyl carbodiim de (DI PC),

2 (1rbenzot 1 0Xa3P! Y blhugta chuptfteb HiFtod HEARE HG! g2 | uor obor atee

Snor borene- 2, 3- di car boxyi m do) -1, 1, 3, 3-t et ranmet hyl uroni um
tetraf | uor obor atld ( Tiindng arenpling reagsphionid kihding dfroaingand binding a

-(n- ini.nd dy1)-1.. - | ' fl b
(TsT0) 23 SRR Re e AR 12 Cor o hnd oo or

nore surface-bound proteins, the one or nore surface-bound proteins
~conprising 30A) d)e obindinge Hiclsgioallyactvesubstaneng the bimigng domain, pol yer
synt hase

15 G)  chemically modifying the polymer synthase or the protein involved in
the formation of polymer particles to form at least one binding domain by contacting the

polymer synthase or the protein with a coupling reagent, or
H) a combination of any two or more thereof.

20. A process according to any one of claims 1 to 19, wherein the biologically active

20 substance is
(a) able to bind another biologically active substance, or
{b)  comprises a pharmaceutically active substance, or
(¢)  selected from

(1) dideoxyinosine, floxuridine, 6-mercaptopurine,
25 doxorubicin, daunorubicin, 1-darubicin, cisplatin, methotrexate, taxol, antibiotics,

anticoagulants, germicides, antiarrhythmic agents and active ingredient precursors or



-4 4 - conprising a particle binding domain and (ii) one or nore

bi ndi ng domai ns capabl e of binding one or nore biologically active
subst ances or one or nore coupling reagents or a conbi nation thereof,
or B) one or nore fusion proteng_conprising (i) a polynmer
synt hase 5conprising a particle binding domain and (ii) one or nore
biologicallg active praoteins, or C) a conbination thereof,

wherein the ?EW?W%Fh%%ﬁhﬂrcle bi ndi ng domai n of the fusion protein is
covalently bound to the polynmer particle 1024. A polyner particle of

claim 23, wherein the par i) einkulir BREIPRAICTIE TIOIRAE, BmatiRfaln,
additional fusion proteins conprising (i) a polyner particle binding
domai n and fomafotipga, a?mai@m@h%immgmgbmm, Fypippistinypethepmig relgaseor
nor e bi ol ogj 3 Uk - r L N ts
o & conbi raFsbopElh, St AHBRARE N oAl SaBbp Ry G RRhy Ak ERURD
prot ei n§ commiatiralfy ¢achrimg ppiateseupgraxitie dismutass dntitgditeivterferang (i 1)
one or nore biologically active proteins, or. Cjone or pore, additional
fusi on pr ot BPHEEEEGAEERSATENRe ARRRIEs plennted dEmmase PR VBN of
pol ymer par dhiyilo&§psit Bepaptiat €i n conpri sing a pol yner particle binding
domain and (ii) one or nore binding domai ns capabl e of binding one or
nore 20bi ol ogically active substances or. one or nore coupling .
reagents or?la cowBiogessiaererdingiogsy ongpf claims 1 to ), vheeein thebilegically active

addi tional Tusi Ro@fal C1dfed SRFPsRI Galéitohid ARIH, Sldaddd¥ AiEfbstaltn ! e
formati on of pol'ymer particles, the protel n congrising a polyner
particl@ bi ndi ngouetwppinasechainiciing paratbyroxbhambong lenghropdibtin, Aypdthalamic
proteins, or release factors, prolactin, thyroid-stimulating hormone, endophins, enkephalins,
vasopressins, non-naturally occurring opiates, superoxide dismutase, antibodies,
interferons, asparaginase, arginase, arginine deaminase, adenosine deaminase,

ribonuclease, trypsin, chymotrypsin or pepsin.

15 22, A process according to any one of claims 1 to 21, wherein the coupling reagent
is selected from the group consisting of bis(2-0x0-3-0xazolydinyl)phosphonic
chloride (BOP-Cl), bromotrispyrrolidinophosphonium hexafluorophosphate
(PyBroP), benzotriazol-1-yl-oxy-trispyrrolidinophosphonium
hexafluorophosphate {PyBOP), n-hydroxysuccinimide biotin, 2-(1H-

20 benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU),
dicyclohexylcarbodiimide, disuccinimidyl carbonate, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), bis(2-ox0-3-
oxazolydinyl)phosphine, diisopropylcarbodiimide (DIPC), 2-(1H-
benzotrioxazolyl)-1,1,3,3-tetramethyluronium fetrafluoroborate (TBTU), 2-(5-

25 norbornene-2,3-dicarboxyimido)-1,1,3,3-tetramethyluronium tetrafluoroborate
(TNTU), para-nitrophenylchloroformate, and O-(n-succinimidyl)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TSTU).

23. A polymer particle comprising a polymer core and one or more surface-bound

proteins, the one or more surface-bound proteins comprising

30 A)  one or more fusion proteins comprising (i) a polymer synthase



25E)a conbination of any two or nore of A) to D). 25. A polyner
particle according to claim 23 or 24, produced by a process according
to any one of clainms Ito 22. -45- 26. A polyner particle according to
claims 23, 24 or 25, wherein the protein involved in the formation of
pol ymer particles is selected fromthe4dgroup consisting of a polyner
depol ynerase, a polynmer regulator, a polymer synthase and a particle
si ze- det erggprisig Bb@:&l@lefbmctﬁ?g7doﬁnaﬂpérhdf(ﬁj oRAdrinhde Binding AbMLRY ciAbRAY One
of clainms 23 to % wherein the pol ynmer particle binding dormain
conpri ses hlmvbnwetqrm%e biclegically ertivepubstgfices op prg @i merg epupling ceagerdhon he
gr oup consd h{b%u&flt%mgployrrer depol ynerase, a polyner regul ator, a
pol ymer synthase and a particle size-determning protein. 28. A

pol ymer particle according to claim26 or 27, wherein the pol yner

10depol yner ase B}pol ymamrmcagtﬁisiadnqnoteips)bgmﬁﬁsi@/(mdmftpnmsymhasbi cle
si ze-det erm ni.n r f %ﬁpsds om a an| s @36 enera.
ol ot o o Ompafie BofuEte bisdtha o LR AtheS Bl a8 Brding. o

Ral st oni a (gut r opha, Pseudom)nas ol eovorans Pseudom)nas puti da,
Pseudononas aerugi nosa, Aeronobnas punctata or Thi ocapsa pfennigii.
1529. A pol yner parti cl e accordi ng% to any one of clains 23 to 28,
wherein the polQmer 2perbingon theiedTan aver age di aneter of 10 nmto 3
gm 10 nmto 900 nm 10 nmto 100 nm 50 to 500 nm or 150 to 250 nm

30. A pol yner Rakleifhe p@Ghef shride Bﬁdﬁl )doﬁ’ﬁi% o@ihe%ﬁwgm%ﬁa i Qo Fatent]

wherein the core further conpri ses | east one Di ol oglca y
active su@@ﬂ%@éhemﬁmmpaﬁ@éﬁst one 20dye or (c) at least one
bi ol ogically active substance and at | east one dye. 31. A pol yner

Gormi % or 51 of och i AE I Sh 23, A b fefich e ibas 7 0

consi sting of one or nore oligopeptides, one or nore anti bodi es, one
or nore enzymedy) onener mse edcﬁmh@siononéeimcmmﬁeinacﬁi)a@abfmeypmﬁcle
prot ei ns, 0 re FLAG e e]ors nd_one o one ¢ stelne
Peai dues, PGP lontll el SR et SR0B2 P B Bubhia PR bRoRE S A St e
particle ami@g‘xchlllygcﬁ\& sabytargaeor@he ot mnf@eoaﬁhﬂg&e@gbntswhebmmnm@oupI i ng
reagent is nd to the binding domain, or a coupling reagent is
bound to tﬂ% iHdi ng domain and a blologlcally active substance is
bound to the coupling

15 B) one or more additional fusion proteins comprising (i} a polymer particle

binding domain and (ii) one or more biologically active proteins, or

) one or more additional fusion proteins comprising (i) a protein involved
in the formation of polymer particles, the protein comprising a polyiner particle binding
domain and (it) one or more binding domains capable of binding one or more

20  biologically active substances or one or more coupling reagents or a combination

thereof, or

D}  one or more additional fusion proteins comprising (i) a protein involved
in the formation of polymer particles, the protein comprising a polymer particle binding

domain and (ii) one or more biologically active proteins, or
25 E) a combination of any two or more of A) to D).

25. A polymer particle according to claim 23 or 24, produced by a process

according to any one of claims 1 to 22.



-46- reagent, or a biologically active substance is bound to the

bi ndi ng domain, or the protein involved in the formation of polyner
particles conprises at |east one binding domain conprising a coupling
reagent bound to the protein, or the biologically active substance is
abl e to bind another biologically actin#€-5substance, or the

bi ol ogically active substance conprises a pharmaceutically active
subst ance. 38. A sgnlyorr pirtele agdeadingioelaimne 23, 2droe g Srvelteram thepestinci de or

her bi ci de conprisi ol r parti.cl.es produced rogess

nccor di ng ¢ o anytfLediR ol Bim R o Soi5Bebi RS st B0 B Soup
particle accor di@gsibttrgoia poligned HegolyhdiiseBpdlfnedegul e a PolyRieh gl tiake
bi nding a biologically, active substance_  conprising A)providing a

conposi tion of pKwRaFticksEerdAESRIPRERIOEEY by a net hod according to
any of one of clains 1 to 22 or providing a polyner particle

di . < enid
accordi Bg tg; anya QBknff paﬁ‘hélbﬁ?:ﬁgﬁ%él tﬁéﬁ% ondWYRIBE 29 R 360 RAkdedh the p(zjymer_

coupling reagent s bound to t _ g donmi n when a bindi ng domain
is present, and peEB)cbindiagdomeincompussathepatticterbindingddnyaieof pproteirc| e

with a sanple conprisi.n bi ol ogi cal | y. active substance sq that the
bi ndi ng donai n o&?ﬁé%&o‘ﬁ%&ﬁ%ﬁf&?@% ¥ OEWS eq% oweﬁaﬁeeaggwef ng
reagent binds theglitol, @@oBaler yynttike M aSpabiid] @digedetdmirtngBrotead
according to claim 34, wherein the biologically active substance is

O PP O S S el o

ﬂ] g?gg ]go on of biRASYHRAI p8lyrdetREhikRR ol 3RY sRANMEBY pddlL §isd-ESedlitingSe
protein is from a microorganism of the genera Ralstonia, Alcaligenes,
Pseudomonas, Aeromonas or Thiocapsa, or from Ralstonia eutropha,
Pseudomonas oleovorans, Pseudomonas putida, Pseudomonas aeruginosa,

Aeromonas punctata or Thiocapsa pfennigii.

15  29. A polymer particle-according to-any-ene of claims 23 to 28, wherein the polymer
particle has an average diameter of 10 nm to 3 pm, 10 nm to 900 nm, 10 nm to
100 nm, 50 to 500 nm, or 150 to 250 nm.

30. A polymer particle according to any one of claims 23 to 29, wherein the core
further comprises (2) at least one biologically active substance, (b) at least one

20 dye or (c) at least one biologically active substance and at [east one dye.

31. A polymer particle according to any one of claims 23 to 30, wherein the binding
domain or biologically active protein is selected from the group consisting of
one or more oligopeptides, one or more antibodies, one or more enzymes, one or
more abzymes, one of more non-catalytic proteins, one or more FLAG epitopes

25 and one or more one cysteine residues, or a combination of any two or more

thereof.

32. A polymer particle according to any one of claims 23 to 31, wherein a coupling
reagent is bound to the binding domain, or a coupling reagent is bound to the

binding domain and a biologically active substance is bound to the coupling



as pharmaceutical supports <130> P200428 <150> DE 102 40 034.0 <151>
2002- 08- 30 <160>15 <170> Patenfin version 3.2 <10> 1 <11> 29 <232>
DNA <213>Artificial <220> <223> Prinmer <400>:. aaatigcocca tggtecteac
cccgoaoa29 <210> 2 <211> 33 <212> DNA_§;;3>Artificial <220> <223>
Primer <460> aaaggQdgga toctcagggc ac?accttca tcg33

reagent, or a biologically active substance is bound to the binding domain, or the
protein involved in the formation of polymer particles comprises at least one
binding domain comprising a coupling reagent bound to the protein, or the
biologically active substance is able to bind another biologically active

5 substance; or the biologically active substance comprises a pharmaceutically

active substance .

33. A composition, pharmaceutical preparation, pesticide or herbicide comprising
polymer particles produced by a process according to any one of claims 1 to 22

or comprising a polymer particle according to any one of claims 23 to 32.
10 34, A method of binding a biologically active substance comprising

A) providing a composition of polymer particles produced by a method
according to any of one of claims 1 to 22 or providing a polymer particle according to
any one of claims 23 to 32, wherein optionally a coupling reagent is bound to the

binding domain when a binding domain is present, and

15 B) contacting the composition or polymer particle with a sample comprising
a biologically active substance so that the binding domain or the biologically active

protein or the coupling reagent binds the biologically active substance.

35. A method according to claim 34, wherein the biologically active substance is an

oligopeptide, enzyme, abzyme, non-cataiytic protein or antibody.



2 <210> 3 <211> 708 <212> DNA <213>Artifici al
contai ns phaP-coding DNA fromR

t gat cct cac
goQt gacdac
t caagacttc
cacaggaact
cctacacccg
ccgaggct ca
agaacgcocc
ccaacaacgc
ccaacttcca
cccgt acgge
accggct gcg

<220> <223> Sequence
eut ropha <400> 3 aaaggcccca
cgcaaaaggc caacct cgaaBO acgotgttog
aaaaget cgt cgaget gadol20 Ctgcaggtcg
acgccaagaa. ggcgct gt pgl80 | ocaaggacg
ccgtgcagoc ggttgccgaa840 nagaccagg
cogdegetcisinggagegagt t c300 accaaggt ag
acgt gcaagc gctggtcgag360 aacotcgcca
9 Q(f’ﬁ)g gt ltrgcgss H)?@IE ggﬁ‘ C%'%rgof L:g & Cdabtlecgnctlgla]%glt 3 gs an use ?t 9
ctacgagtcg caagca ageg cgc gaaa
ggct gog B EEY FBEEE ccaaggctgc ccagnagcc540 agcgccacgg
ca&tifgcaé@2hagacgacgg ctgcctgata actgect geg600 ttgaagat gg
gee@gt coio: hggaaagca t at cgacgecc tggegtttge660

ccoggaacaa gttgcagcag
caaggcgttt gaaggcgtcg
gttcgcagaa ggcgttgata
gct ggccat ¢ caggccgcag
ccacct gt at gaaat cgott

aGi @9 C CRAA, FIOs Kganga

<151>  2002-08-30

<166> 15

<170>  PatentIn version 3.2

<210> 1

<211> 29

<212> DNA

213>  Artificial

<220>

<223>  Primer

<§00> 1

aaafgoccceca tggtecteac ceeggaaca 29
<210> 2

<211> 33
<212> DNA
<213>  Artificial
<220>
<223>  Primer

<400> 2

aaaggiegga tectcaggge actaccttca teg 33



gatgtgtttt gccaacgatg aaggtagtgc cctgaggatc cggccttt708 <210> 4 <211>
34 <212> Lohlik <213>Artificial <220> <223> Priner <400> 4 aaagggccat
ggct ggcaag aagaattccg agaa34 <210> 5 <211> 59 <212> M A
<213>Artificial <220> <223> Primer <4Q0> 5 aangggggat cctcagatca

gggt accggt gcctgtotg39 3

<210> 3

<211> 708

<2]2> DNA

<213>  Artificial

<220>

<223>  Sequence contains phaP-coding DNA from R eutropha

<400> 3 -

aaaggcccca tgatcctcac cecggaacas gttgeagcag cgcaaaagge caacctcgaa 60

acggtgtteg gotlgaccac caaggegttt gaaggegteg araagetegt cgagetgaac 120
¢tgcaggteg teaagactte gttegeagan ggogttgaca acgecaagaa .ggegetgten 180
gecaaggacg c¢acaggaact gotggocatce caggecgeag ecgtgcagee ggttgecgaa 240
-aagacectgg cctacacceq ccacctgtat gaaatcgett cyggaaaccca gagegagtte 300
accaaggtag cocgaggetca actggecgaa ggetegaaga acghgeaage gotggtcgag 360

aacctegeea agaacgoeon ggecggtteg gaatcgaceqg bggceategt gaagteggeg 420

‘atcteegoty coaacaacge ctacgagtcy gtgeagaagy cgaccazgea ageggtcgaa 480

atcgetgaaa ccaacttoca ggetgegget acggetgeca cocaaggetge ceagoaagee 540

agegecaaqgg ccegtacgge cacggcaamg aagacgacgy ctgcecbtgata actgectgeg 600

ttgaag_atgq accyggetgey gecggteegt tggeaaagea tatcegacgee tggegttige 660

gitgtgtttt gecaacgatg aaggtagtge cotgaggate cggecttt 708
<210> 4
<2l> 34
<212> DNA
<213>  Artificial
( <220>
<223>  Primer
<400> 4
aaagggceat ggetggcaag aagaattecg agaa 34
<210> 5
<211> 39
<212> DNA
<213>  Artificial
<220~
<223>  Primer
40> 5

aaagggggat cctcagatea gggtacoggt gcctgtoty 39



<210> 6 <211> 793 <212> DNA <213>Artificial <220> <223>
Seguencecont ai nsphaF- ccdi ngEMAf r onandeovonzu <400> 6 aaagggccat

ggct ggcaag aagaattccg agaaagaagg cagctectgg gtcggeggga60 tcgagaagta
ctcccgcaag atctggctgg cggggettgg tatctattcg aagatcgaccl20 aggacggcecc
gaagctgttc gactcgctgg taaaggat gg cgagaaggcc gagaaacaggl80 dgaagaagac
cgcagaagat gttgctgaaa ctgccaagtc gtegaccact tcgcgtgtgt240 cgggcgt gaa
ggaccgt gcg cf%@ﬁcd%gt ggagcgaact cgaagaggcc ttcgacaagc34: 10
grectgaacag kpeeatmscg cgccttggcg tgccgageccg caacgagat c aaggccct ge360
accagcaggt ggmeagcsig accaagcaga tcgagaaact caccggcgct toggttacced20

cgatttcgtc gg% QCt C hgccaaaccgg ct gcgagcaa ggeggeggcc aagccact gg400
ccaagacggc agcggc é cctgcggcaa aaaccgcggc agccaagccg gcagccaagg540
ccgcagcggce t 58 ctgct gccaagactg cggeggccaa gcctgcggcg aaaccggcag600.
cggccaaacc Qgregt ggquencacgaiapbdtegdramAgnmGadorganccggec. aageoggcags660
ccgccaagcc gg&&g&tgca gcggccagcg ccgctccgge cgctagecgca gttcggegec720
aaagggcoat ggoctggeaag sagaattceg agaaagaagg cagetectgg gteggeguga &0
tegagaagta ctcocgcaay atcetggebgg cggggettag tatctattceg aagategace 120
aggacggeos gaagctéttc gactegetgy taaaggatgg cgagaaggee gagaaaczgy 180
dgaagaagac cgcageagat gttgctgasa ctgecaagte gtegaccact tegegtghgt 240
cgggegtgaa ggaccgtgeg ctaggeaaght ggagcgaact cgaagaggec ttogacaage 300
( gectgaacag tgcoatoteg cgecttggeg tgeegageeyg caacgagatc aaggocchge 360
accagcaggt ggacagoctg accaageaga tegagazact caccggeget teggttacee 420
cqgatttcgte gogcactgea gocaaaccgg ctgegagoaa ggeggeggee aagecactgy 4B0
ocaagacyge ageggecaaq cctgoggeaa aaaccgegge ageocaagccg geagocaagg 540
cogeagegge taaacctget geraagactg cggeggeca’d goctgoggeg aaaccggead 600"
cggceaaace ggctgtggeyg aagaagceig cagtgaagaa ageaceggec adgocggead 660
ccgecaagee ggoageteca goggecagog cogotccgge cgetagegea giteggegee 720
cactgegget coggecagea accegoctte ggeacagaca ggoaccagta ccctgateotg 180
aggatcccee ttt 783
<2A0> 7
. <2U1> 354
|
' <212> DNA
<213>  Artificial
<220>
<223>  Primer
<400> 7

gggctetaga aataaggaga tatacatatg tgttgtaaga acaataacga gett 54,



cact gcggct ccggccagca accogccttc ggcacagaca ggcaccggta cectgatct g60

aggatccccc ttt793 <210> 7 <211> 54 <212> ENA. <213>Artifici al

<223> Pri ner

acaat aacga gctt54.
<220> <223> Pri ner

<220>

<400> 7 gggctctaga aat aaggaga tatacatatg tgttgtaaga

<210> 8

<2l1> 29

<212> DNA

<213>  Aificial

<220>

<223>  Primer
<400> @

aaacgeggat ccttiteate ghtcatgea

<210> 9

Q211> 1722
<212>
<213>
<220>
<223>

<i00> 9

gggetetaga
'caagccgcgg
cttacciceg
cdcgtggege
ccaggegatg
cgcktacatge
gacetkgtege
atgﬁcgccqa
ggcaagagoc
atgoecgagec

ggegoegtgg

DNA
Artificial

aataaggaga
aaaacaecget
cgegeatggt
atttecagect
acgaccgacyg
agacctacct
cgcaggacat
ccaacagect
tgctggacgg
aggtggacat

tgttcegeoaa

tatacatatg
gaacctgaat
cetgetecag
ggagctgaag
cttttecgat
ggectggeye
cagtegtgge
gagcaacccyg
ccteggecac
ggacgectte

cgacgtgetg

tygttgtaaga
ceggtgateg
geggtgegoe
aacgtcctgﬁ-
cecggoectgga
aaggagetyc
cagttegtea
geggeggtea
ctggecaagy
gaggtgggea

gaactgateeo

Sequence contains the DNA coding for PhaCl from P. aeruginosa

acazataacga
geatcogggy
agecgotgea
tcgéﬁcagéc
gccagaatee
aeagekggat
tcaacctget
agegettott
acectggtgaa
agaacctgge

agtaceggee

gettcccazy
cgaggacotg
cagegocagy
ggagctacge
actgtacaag
cagtcacage
gaccgaggeq
cgagaccgge
caacggcggy.
caccaccgad,

gatcaccgad

4 <210> 8 <211> 2% <212> DNA <213>Artifici al
<400> 8 aaacgeggt cettttcatc gttcatgca29 <210> 9

29

60
120
180
240
300
360
420
430
540
600

660



<211> 1722 <212> DNA <213>Artifici al
Seguencecont | i nst heENALcodi ngf or Phad fron

gggqt ct aga
caagccgegg
ct bacctccg
cacgt ggcgc
ccaggcgatg
cgct acat gc
gacpt gt cgc
at gt cgccga
ggeaagagQc
at gccgagcc

caccaccgag.

agt accggcc
ccgccgcaga

<220> <223>
. aaaugf rma <Ado> 9

aat aaggaga tatacatatg tgttgtaaga acaataacga gpttqccaag60

aaaacacgct gaacctgaat ccggigatcg gcatccgggg caaggacct gl20
cgcgcat ggt cctgctccag goggtgcgcc agccgctgca cagcgccaggl8o
atttcagcct ggagctgaag aacgtcctgc toggccagtc ggagctacgc240
ac gemtgmey aettgtct:ctgqt; gettssimets ccmt:ggagag teagagtic eraagicgicac aam300

CCt

agaccg é%ﬁ

cg&G

Sitasit sro et Lot

oS et Tooget

ccacagc360
taggltf. 420

CCato@get g@@@ﬂa@a& G5Badiedd %g&déﬁatagﬁg&it&&l tac@aRac coaRA00
t gct ggacgg cctcggeccac ctggccaagg acctggigaa caacggcggg540

ag§ragetes a@j‘aﬂjé’%Fv%’?*@ﬁ@g?@@@@&ﬁa@@a@ws@gmcaca&c

900

§ad: %%9 99 g2acty
= o] 960
gatcacc§&§§%%£g§5¥ %%%%cacg g cgcccgc ? gctggf 3?5
t Capgaagld aglaapPtabdiidbee caactggtoa gegtgotega cttcgaactg 1020
aatacecagy tcgegetgtt cgcegacgag aagactoltgy aggecgecaa gogtogttec 1080
taceagtcoeg geghgotgga gggeaaggac atggocaagg tgttegeetq gatgegoocce 1140
aacgacctga tctggeacta ctgggtcaac aactacctge teggeaaces gecgoeggeg 1200
tiggacatcc totactggaa caacgacacc acgegectge cegecgeget goacggegag 1260
ttegtegaac tgticaagag ceacccgetyg aacegeccog gogeoctdga ggtoctecgge 1320
acgetrcateg acctgaagea ggtgacttge gacttcoctact gtgtegecgg tetgaacgae 1380
cacatcacce cctgggagte gtgctacaag toggoecagge tgotgggtgg caagtgegag 1440
tteoatéctet ccaacagegg teacatccag ageoatceotea zcceaceggg caaccccaag 1500
geacgcetica tgaccaatec ggaactgocc gecgagoccca aggoctgget ggaacaggee 1560
ggeaageacg cogactegty gtgottgeac tggeageaat ggetggecga acgetcogge i620
aagaceegoa aggcegecege cagectggge ascaagaccet ateeguccqgy cgaagecgeg 1680
decggaacet acghgecatga acgatgaaaa ggatcegegt tt 1722
<210> 10
<211> 36
<212> DNA
<213>  Artificial
<220>
<223>  Primer
‘<o 10
tatgactaght gattataaag atgatgatga taaaca 36
<210> 1]
<211> 36
<212> DNA
<213>  Artificial
<220>
<223>  Primer
<400> 11
36

tatgtttatc atcateatct ttataatcac tagtea

<10> 12



gaect gt cgc cggacaagag cctggcgcgc ttctgcctgc gcaacggcgt gcagaccttc780
atdgtcagtt ggcgdaaccc gaccaagtcg cagcgcgaat ggggcotgac caact at at c840
gaggcgct ca aggaggccat cgaggtagtc ctgtcgatca ccggcagcaa ggacct caacsop.
Ct cpteggcg cctgotccgg ogggat cacc accgagaccc tggtoggcca ctacgt ggec960
agcggcgaga agaaggtcaa cgccttcacc caactggtca gcgtgctcga cttcgaactg
1020 aataccca§g>tcgwgctgtt cgccgacgag aagactctgg aggccgccaa
gcgtcgttce 1 g> ﬁ gtccg gcgt get gga gggcaaggac at ggccaagg
tgttcgectg g cgc 1140 adtgacctga tctggaacta ctgggtcaac

aact acct gc tC@@baa@E@m@ccgcoggeg 1200 ttcgacatcc totactggaa
caacgacacc aegpogcctgc ccgccgcgcect gcacggegag 1260 ttcgtcgaac
tgttcaagag cagss oGl BaRHERNA cg&&%%ﬁaagﬁmgﬂwg A3 R coing fora
acgcbcat cg acctga tgacttgc gacttctact gccgg totgaac 5

1380 cadat cacec c?@égg: fc gt gct acaag toggcbaggc t gct gggt gg
caagtgcgag 1440 ttcatoctct ccaacagcgg tcacatccag agcatcctca
acccaccggg caaccccaag 1500 goacgatca tgaccaatcc. gi gaactgccc
gccgagccca aggcct ggct ggaacaggcc 1560 ggcaagcacg ccgactcgtg
gtggttgcac tggcagcaat ggctggccga acgctccggc 1620 aagacccgca
aggcgcccgc cagcct gggc aacaagacct atccggccgg cgaagccgcg 1680
dccggaacct acgtgcatga acgat gaaaa ggatccgegt tt 1722 <210>10 <211> 36
<212> nk <213> Asdficha <220> <223> Priner <400> 1,0 tatgactagt
gattat aaag atgatgatga taaaca36 <210>11 <211> 36 <212> DNA
<213>Artificial <220> <223> Priner

(




<400> 11 tatgtttatc atcatcatct ttataatcac tagtcale <211>1716 (12>
DNA <213> Artificial <220> <223> Sequence contains the DNA coding for
PhaCl from P. aeruginosa and the DNA coding for a FLAG epitope 7
<400> 12 itgactagtg attataaaga tgatgaggat aaacatatga gtcagaagaa

caat aacgagGO ctteccaagc aagccgcgga aaacacgctg aacctgaatc cgsgtgatcgg
cat ccggggcl20 aaggacctgc tcacctccgc gcgcatggtc ctgctccagg cggtgcgcecca

gccgectgcacl80: C acgtqacgca (ttcagcct agct gaaga acgtectgct
cggccagt cg240 % abcg?;ca%g%gaté 5%@ %8%1%5%?&% § 5%:"58%8@ %t'tgalg 9 5&%&“@@8 cct 5‘8 ag
ccagaat cca300 £tddkegeaarsedgedsdGai@eqty sk utt Goeadcpd d8e3gREDagGkgcCa

cagct ggat c. 360 agccacagcg acctgtcgcc gcaggacatc agtcgtggcc agttcgtcat
caaCct gct g420 288RGayg dGacLEHee gezfgg%ﬁe &5@%@%&! GaFgemsr gegetesayagdbtaa

geget et { CA80 faaBleE U6 0RaA0aM6SEe YEIAFACO UL ELGI0EGRLE LOOCER00a
cct ggt gaac540 aacggcggga tgccgagcca ggtggacatg gacgccticg aggt gggcaa
gaacct ggccso b gagetacgee caggegatga cgacecgacge ttttccgate cggoctggag ccagaatcea 300
ctgtacaage gctacatgea gacctacctg gectggcgca aggagéhgca cagetggate 369
égccqcagcg acctgtegee goaggacate agtegtggee agttegteat caacctgetg 4;ﬁ
accgaggega tgtcgeocgac caacageety ageaacecgg cggegghcaa gegettektc 480
gagaccggeg geaagagoct getggacgge cteggccacce tggocaagga cctggtgaac 540
aacggeggga tgccoageca ggtggecatyg gacgeettcy aggtgggeaa gaacctggee 800
acoaccgagg gogeogtagt ghteepgeaze gacgtgelgg aactgatcea ghtacoggecg 660
atcacegagt cgatycacga acgeccgetg ctggtggtge cgoccgeagat caacaagtte 720
tacgtetteg agetgtegee ggaczagade ctggegeget totgeetgeg caacggegtg 780
cagaccttea togtcagtty gegomacecg accaagtege agegegaatg gggectgace 840
acctatatcy aogcgetcai ggaggccate gaggtagtee tgtcgatcac EE&EQEEEEQ 900
gacgteaace tocteggege ctgetcegge gggatecacca cogegaccet ggteggccac 8960
tacgtggeea geoggcgagaa gaaggtcaae gocticacce aactggbcag cgtgetegqac 1020
tiégaactga ataccecaggh cgegebgbte gecgacgaga agactetgga ggocgoccaag 1080
cgtcgtteoct accagtoeygy cgtgctggag ggcaaggaca tggeccaaggt gttegectgg 1140
atgegeccea acgacetgat ctggaactac tgggteaaca actacotget cggoaatcag 1200
ccgecggeyt tegacatcet ctactggaac aacgacacca cgegectgoc egecgeogetg 1260
cacggcgagt toghcgaact gttocaagage aaceccgetga accgececgg cgeccetggag 1320
gteteoggea cgeceatcga cctgaageadg gtaactigeg acttoctactg tgtegecgat 1380
ctgaacgacc acateaccce ctgggagteg tgetacaagt cggeeagget .getggotgge 1440
aagtécgagt teatcctcte caacageggt cacateeaga geatoctoaa cccaccggge 1500
aaccgoaagy cacgctteat gaccaateeg gaactgeoceg cecgageccaa. ggoctggetg (1B60
-gascaggecg geaageacge cgactcgtgg tggttygcact ggeageaaty gétggeegaa 1620
cgetdeggea agaccegeaa ggcgecegee agectgggca acaagaccta teeggecgge 1680
‘Gadgeegeoge ccggaacceta cgtgeatgaa cgatga 171e
<210> 13
<211> 34



gt accggccg660
caacaagttc720
caacggcgt g780
gggcct gacc840
aggcgct Egi cggcagcaag900
gacctcgacc toglegg gg ctgetccggc gggatcacca ccgcgaccct ggtoggccacsso
t acgt ggcca gdégcgaé gaaggt caac gccttcaccc aactggtcag cgtgctcgac
1020 ttagaactgb~at &¢fedggt cgcgctgttc gccgacgaga agact ct gga
ggccgccaag | opp-cgtogttcct accagtccgg cgtgctggag ggcaaggaca
t ggccaaggt gtbggechgq. 1140 at gcgccoca acgacet gat ctggaact ac
t gggt caaca actacctgct cggcaaCcag 1200 ccgdoggcgt tcgacatcct
ct act ggaac aat¥dtaé¥a cgcgcctgec cgeccgegetg 1260 cgcggegagt
t cgt cgaact gt PESHFE e R eIy eyt WEagy cgcect ggag 1320 34
gt ot Ccggca cggpecatgga cctgaagcag gtgacttgeg acttetactg tgtcgedggt
1380 ctgaacgacC acatcacccc ctgggagtcg tgetacaagt cggccaggct
gct gggt ggc  1448” Aa¥lt gegagt tcatcctctc caacageggt cacat ccaga
gcat cctcaa cceélecgepde 1500 aacCccaagg cacgcttcat gaccaatccg
gaact gcccg C&BYCCeAMa) ggcct ggct g 1560 - aacaggccg gcaagcacgce
cgactcgtgg tggftgcact ggeggcaatg gotggcpgaa 1620 cgct Ccggcea
agacccgcaa gcccccggpc agcctgggca acaagaccta tccggccggc 1680 aagccgcgce
ccggaacct a cgtgtat’gd& cgatgal. 716 <110> 13 <212> DNA <213>
Artificial <400> 13 .ggaCtagtat gaccatgatt

aact gat cca
cgccgcagat
tctgcct gecg
agcgcgaat g
t gt cgat cac

gttccgcaac
acgcccgcetg
ggacaagagc
gcgcaacccg
ggaggccat c

gacgtgctgg
ct ggt ggt gc
ct ggcgcgct
accaagt cgc
gaggt agt cc

gcgccgt ggt
cggt gcacga
acct gt cgcc
tcgtcagttg

accaCCgagg
at caccgagt
tacgtettcg
cagaccttca
acctatatcg

<220> <223> Pri mer

acggz%t t cac t gerasihgtix] Bekgdegecaldataadligg<rbPogtaddly <213> Artificial <220>
<210= 15
<211> 3088
<2IZ> DNA
<213>  Artificial
<220~
<223>  Sequence contains the lacZ gene from E. coli
<400> 15
ggactagtat gaccatgatt acggaittcac tggeogtegt tttacaacgt egtgactqgy 60
aaaaccetgy cgi:tacccaa cttaategee ttgeageaca teccccttte gocagetgge 120
gtaatagega agaggccege accgatcgec ctteccaaca gttgegeage ctgaatggey 180
aatggcgett tgoctggttt ccggeaccag amgecgghgce ggaaagotgg ctyggagtgey 240
( atcttcetga ggeegatact gtcgtegtee cctcaaacty geagatgeac gghticgatg: 300
‘edeccateta cacczacgty acctatccea ttacggtcaa toogecgttt gtteecacdy 350
dgaatcogac gggtigttac togeoteacat ttaatgtiga tgaaagetgg ctacaggaag 420
‘gecagacgeg aattatttit gatggegtta actoggegtt teatetgtgg tgcaacggge 480
getgggtegg ttacggecag gacagtegtt tgecgtetga atttgacotg agegeatttt 540
tacgcgeegg agaaaacege ctegeggtga tggtgctgeg ctyggagtgac ggcagttate 6§00
i'.-ggaagatca ggatatgtgy cygatgagey geattttccy tgacgtcteg ttgetgcata 660
agccgactac acaaatcage gatitecatg ttgocactcg ctttaatgat gattbeagee 920
gegetgtact ggaggetgsa gttecagatgt geggogagtt gegtgactac ctaeggghaa 780
cagttteottt atggeagggt gaaacgoagg tegecagegy caccgegect tiedgeggty 940



4*23> Prinmer <400> 14 ccactagttt tttgacacca gaccaactgg taatggtagc g4l
<210>15 <211> 3088 <212> DNA <213>Artificial <220> <223>

Seguencecm t hnst | i el aagenefitnEcolt <400> 15 ggactagtat gaccatgatt
acggattcac tggccgtcgt tttacaacgt cgtgactggg60 aaaaccctgg cgttacccaa
ettaatcgcc ttgcagcaca tecccetttc gccagctggcl20 gtaatagcga agaggcccgce
accgat cgcc ettocgaaca gttgcgcagc ctgaatggcgl80 aatggcgctt tgcctggttt
ccggcaccag aad8ygtLeR tgbgég'ggﬁtggﬁ:a 1 ﬁéb‘tgqgit%Eﬁﬁcﬁf‘é‘%?%ch@Ecg@@%cg%g%ct
gtcgt cgt cc CClaearasded 96A0RLY AL taaY: A6G LA PR 6lJseC GMctiBca 960
caccaacgtg acctatccca ttacggtcaa tccgecegttt gttcccacgg6l: 1 agdat ccgac

gggtt gt t ac t c FETECEAT st TRt HaR 46 ErHyI et Hipgan §eEBbIget agdeycg
aattattitl gauggeahda BLLCAGE Uldaldfl SLaLOG.! 9620R000GAR0. 06! | 9800
ttacggccag gacagtcg tgccgtctga atttgacCtg agcgcafit acgcgccecgg
agaaaaccgc ct egoggitga ttggtget goigagitondgdatmgey geagishtd caQtkatggaagat ca

ggatat gt gg ngg}.‘t&t g't%gg ggé:gg'gctagé %gt%agqggg %g-::%ggggtg E; %Eag:gg_c} gfcggtccgc 1200

tgtggtacac getgtgegac cgohaeggee tgtatgtgglt ggatgaagee aatattgaaa- 1260

cccacggeat ggtgecaaty aategtetga ccgatgatee gegetggeta ceggegatga 1320

gcgaacgeogt aacgegaaty gtgeagegeyg atcegtaatca ccogagtgby atcatetggt 1380

egetggggaa tgaatcagge cacggegeta atcacgacge getgtatcege tggatcaaat 14;0

¢tgtegatee ttoecgeceg gtgcagtaty aaggeggegg agccgacace acggocaceg 1500

{ atattatttg ccegatgtac gegegegbgy atgaagacca gocctteoeceg getgtgecga 1560

aatggtecat caasaasatgy ctitegetac ctggagagac gogoccgetg atcettigeg 1620

gatacgeeca cgegaktggat aacagtetig geggtttege taaatactgg caggegttte 1680

gtecagtatcc cegtttacag ggeggetteg teotgggactg ggtygateag t?gEtS§Ft§;m_l74°

aatatgatga aaacggeaac ccgtggteygy cttacggegg tgattttgge gatacgccga. isoo

acgatcgeca gttctgtakg aacggtctgg tetttgecga cegeacgecy catcoagege 1860

tgatifgaage aaaacaccag cagcagtttt tccagtitecg tttatccggg caddccateg 1920

aagkgaceag cgaatacetq ticecgteata geogataacga gotectgeéac tggatggtgg 1980

cgetggatyg taageocgetg geaageggtg aagtgectot ggatgteget ;cacaaggta 2040

aacagttgat tgaactgcet gaactaccge agecggagag cgoegggcaa chetggotea 2100

{ cagtacgegt agtgcaaccy aacgegaceg catggteaga ageegggeac atcagegect 2160

ggcageagtg gegtetggcg gaaaacctca gtgtgacget cecegocgeg toccacgoceca 2220

teocgeatet gaccacrage gadatggatt ttigcatega getgggtaat aasgegbtgge 2280

Qaittaaccg ccagtcagée tttetttoae agatgtggat tggegataaa aaacaactge 2340

tgacgecget gegegatcag tteaccegig caccgotgga taacgacatt ggegtaagtg 2400

aigegaceeg cattgaccet aacgectggy tegamcgety gaaggeggey ggecattace 2460

aggecgaage agegtbtgtbtg cagtgeacgy cagatacact tgetgatgeg gtgetgatta 2520

cgaccyctca cgeghggeag catcagggga asaccttatt tatcagccgg agascctace 2580

ggattgatgg tagtggtcza atggcgatta ccgttgatgt tgaaghtoggeg agegatacac 2640

cgeatecqgge geggattgge ctgaactgec agetggegea gghageagag cggghaaact 2700

ggctcggatt agggccgoaa gaaaactate ccgaccgect tactgecgee tgtttfgace 2760



aaccgactac acaaatcagc gatttccatg ttgccacteg ctttaatgat gatttcagcc72p
gcgct gt act ggaggctgaa gttcagatgt gcggcgagtt gcgtgactac ctacggqt aa780.
9 aaaitatcga tgagcgtggt ggttatgccg atcgcgtcac actacgtctq

aacgt cgaaa900 . acccgaaact gtggagcgcc d@aatcccga atctotatcg tgcggtggtt
gaact gcaca980 ccgccgaggg cacgctgatt gaagcagaag cctgegatgt cggtttccgce

gaggt gogga 10%%&;&&@@%%Q%$QEQ&E&%EQ c£d-98859063.44 ccgiatgagé‘gﬁgfcc 2820

gat t cgaggc gttaaccgtc "1080 acgagcatca toctcigcat dggtaaggtca

t ggat gagca gacged-ggvg seaggatatbmaithid Qedcgabgatigeocggaganca@ad: 2880
tttaacgccg tg%g%} ttc gcattatcc aaccat;g%c 1200 % tggtacae 204
got gt gegac coErUEHTEE THTATET G-H05 JELThe s AT R Tstee 2900
cccacggcat gob@seaabd :8rbalhP LeR RO LEREGEcOEHGERTN FgrasQas Atz
1320 gdgaacgcgt aacgcgaatg gtgcagcgcg atcgtaatca cccgagtgtg

at cat ct ggt 138@tEEASEY JeRyhResEY Aradedayef teasdRigedcasUrEnbraeigece 2060
gctgtatcgc tggq t cc tteccgcccg gtgcagtatg '
aaggeggeqg aggggéggg%gé%é%%%%g%%Q%%OO atattatttg cccgatgtac 3088
gcgcgcgt gg at gaagacca gccettcccg gctgtgccga 1560 aat ggt ccat
caaaaaatgg ctttcgctac ctggagagac gcgcccgctg atectttgecg 1620

aat acgccca cgcgat gggt aacagtottg gcggtttcgc taaatactgg caggcgtttc
1680 gtcagtatcc ccgtttacag ggeggottcg tctgggactg ggtggatcag
tcgctgatta 1740 aat at gat ga aaacggcaac ccgtggtcgg cttacggcgg :
tgattttggc gatacgccga 1800 acgatcgcca gttctgtatg aacggtctgg
tctttgccga ccgcacgeccg catccagcge 1860 tgadgOaagc aaaacaccag
cagcagtttt tccagttccg tttatccggg caaaccatcg 1920 aagt gadoag
cgaaﬂacctg ttccgtcata gcgataacga gctcctgdac tggatggtgg 1980
cgctggat gg taagccgectg gcaageggt g aagt gectct ggatgtcgct ccacaaggta
2040 aacagttgat tgaactgcct gaactaccgc agccggagag cgccgggcaa

dt ctggctca 2100 cagtacgcgt agtgcaaccg aacgcgaccg catggtcaga

agccgi ggcac atcagcgcct 2160 ggcagcagt g gcgt at ggcg gaaaacctca

gt gt gacgct coccgccgecg toccacgcca 2220 toccgcatct gaccaccagc
gaaatggatt tttgcatcga gctgggtaat aagcgttggd 2280 aaittaaccg
ccagtcaggc tttattcac agatgtggat tggcgataaa aaacaactqc 2340 tgacgccgct
gcgcgatcag ttcacccgtg caccgctgga taacgacatt ggcgtaagtg ?dip.
aagcgaccog cattgaccet aacgcctggg tcgaacgctg gaaggeggcg ggccattacc ito
aggccgaagc agcgttgttg cagtgcacgg cagatacact tgctgatgcg gtgctgatta
2520. cgaccgctca cgcgtggcag cat cagggga aaaccttatt tatcagccgg
aaaaactacc 2580. ggattgatgg tagtggtcaa atggcgatta ccgttgatgt

t gaagt ggcg agogat aeac 2640 cgcatccggc gcggattggc ctgaactgcc

agct ggcgca ggtageagag cgggtaaact 2700. ggcteggatt agggccgcaa
gaaaact atc ccgaccgcct tactgccgcc tgt Egacc 2760 10 Tagggat ct
gccatgtca gacatgtata ccccgtacgt ctteccgagc gaaaacggtc 2820

td. qcgct gt gg gacgcgcgaa ttgaattatg gcccacacca gtggcgeggc gacttccagt
2800 titaatatcag ccgctacagt caacagtaac tgatwaaac cagccatcgc
catctgctqc 2940 attgaggaaga aggcacatgg ctgaatatcg acggtttcca

tat ggggatt ggtggcgaCg 3000 aittectggag cccgtcagta toggaggaat

t ccagct gag cgccggtcge taccattacc 3060 agttggtctg gtgtcaaaaa actagtgg
3088



