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S i ch | . { Sanoyi . al...Brain Res. 1995 Val..705(1-..2), pp.
von 1557 chad Brod Rl 8 me ienluR woicR RhioEET on SRTPhe A BRishl: | Ty
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anal ogue RMP-7. One fundamental disadvantage of opening the BBB by one of
t he above- €N&tmawst first cross this barrier. This network of blood vessels and cells protects the

CNS and prevents non-water-soluble substances from entering the CNS. Fat-soluble
substances can straightforwardly pass through this barrier by simple diffusion. Active
20 and passive transport systems are, however, necessary for the transport of polar
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 intended 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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r

(

emulsions, w/o/w emulsions or phospholipid vesicles), to which the pharmaceutical
substances are attached, 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
Lockmann (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
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hel pi ng t dielegigally adbesubstancesver, pol ymer particles may be produced by the
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A process for the production of biodegradable polymer particles is provided in order to

20 achieve the above-stated object. This process involves introducing at least one inducible
gene into a microorganism, wherein the gene codes for a protein which controls the size
of the 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

25 microorganism. By means of this process, it is possible to produce biocompatible,
biodegradable polymer particles which are suitable for transporting biologically active
substances and wherein, by controlling the size of the polymer particles 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

30 desired size is increased, so increasing the efficiency of the process and simultaneously
helping to reduce costs. Moreover, polymer particles may be produced by the process
according to the invention which meet the above-stated particle size requirement for

transport through the BBB. Thanks to this process it is above all possible to produce
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these polyner particles consists of pol yhydroxyal kyl carboxylates, in

parti cul arpoddngrqiaytiniel antlisgehaisdnactivated aud replasnd by shechtisasborshisfuciblenbr ane
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pol ymer particles, at |east one further gene which codes for a protein 30

involved in the formation of the polynmer particles is introduced as well as

the at |eapf, polymer particles are deposited as cytoplasmic inclusions in the cell. The core of

these polymer particles consists of polyhydroxyalkyl carboxylates, in particular

20  polyhydroxy alkanoates, and is enclosed by a shell membrane consisting of proteins and
phospholipids. The shell membrane consists of lipids and proteins embedded therein.
The polyhydroxyalkyl carboxylates, which form the core of these polymer particles,
have melting points of 50°C to 176°C, a crystallinity of 30% to 70% and elongation at
break values of 5% to 300%.

25
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

30 involved in the formation of the polymer particles is introduced as well as the at least
one inducible gene which codes for a protein which controls the size of the polymer
particles. Any protein capable of influencing the metabolism leading to formation of the

polymer particles and thus the composition of the polymer particles formed may be
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t he genes ¢fdbuipolymer partitlsp.mati on of the pol ymer particles, production of the
pol ynmer particles may neverthel ess proceed if the i nt er medi at es produced by
the mssing proteins are supplied to the cell via the nutrient nmedium At

In order to allow production of the polymer particles in microorganisms, such as the

20  mutants of the genus E. coli described in Example 4 , which have a modified fatty acid
metabolism, all that is required, apart from the at least one inducible gene which codes
for a protein which controls the size of the polymer particles, is the polymer synthase.
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

25 does not contain all the genes required for formation of the polymer particles,
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.

30
The properties of the polymer particles may be influenced by controlling the
composition thereof. By influencing their properties, it is, for example, possible to

influence the rate of biodegradability of the polymer particles. Apart from the above-
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Pol ymer particles with a different conposition of the polyners formng them

exhibit 25 different mechani cal proEert ies and rel ease biologically active
subst ancesPartiplegigetis eenteplled pmthatide atilerstpne inducibie gengrvhirle pedes Tena di f f er ent

rates. For pr%{(e?mlhlech c%g{rXfﬁﬁe §3¢ E)f tﬁ‘la %glymer particles is derived from the family of
phasin-like proteins and is preferably selected from the group comprising the phasin
20 gene phaP from Ralstonia eutropha and the phasin gene phaF from Pseudomonas
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
25 different mechanical properties and release biologically active substances, in particular
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
30  crystallinity and results in more pronounced elastomeric properties. By controlling
polymer composition in accordance with the process described in the invention, it is

accordingly possible to influence the biodegradability of the polymer particles and thus
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different genes which code for proteins with different substrate specificity and by the

additives, substrates and reaction conditions present in the culture medium which are

20 used.

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

25 possibility for exerting still more effective control over particle size.

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

30 comprising Ralstonia eutropha, Alcaligenes latus, Escherichia coli, Pseudomonas fragi,
Pseudomonas putida, Pseudomonas oleovorans, Pseudomonas aeruginosa,
Pseudomonas fluorescens, and Halobiforma haloterrestris. This group comprises both

microorganisms which are naturally capable of producing biocompatible, biodegradable
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lipid |layer of a different conposition. 25 When replacing the lipid | ayer by
a lipid layer of a different composition, the properties

The shell membrane consisting of proteins and lipids of the polymer particles produced
according to the invention may also be modified in order to impart to the particles

20 properties which are more favourable to the transport of the active ingredients in the
animal body. To this end, a lipid layer located on the surface of the polymer particles is
separated from the polymer particles obtained in the process according to the invention

and is replaced by a lipid layer of a different composition.

25 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
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., J. Pharmacol. Exp. Ther. 1999, Vol. 291(3),

30  pp- .1 017-1022). The lipid layer of the polymer particles may accordingly be removed
and be replaced by a lipid layer of a different composition. This is preferably achieved
by acetone extraction or phospholipases or non-denaturing detergents are used. A

mixture of the appropriate amphiphilic molecules is then added to the now virtually
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20 according to the invention, it is necessary for the at least one inducible gene introduced

in the process which codes for a protein which controls the size of the polymer particles
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
25 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
domain, wherein the at least one binding domain is capable of binding a biologically

active substance and/or a coupling reagent.

30 A "binding domain" designates that part of the protein which is obtained by genetic
modification of the at least one inducible gene previously introduced into the cell and/or
of the at least one further gene which codes for a protein involved in the formation of

the polymer particles. The binding domain capable of binding the biologically active
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part of a protein which enables it to bind to the hydrophobic surface of

t he pol ynmn qpasideandshe hindingglopai opthe other siddomai n which  conpri ses part of

a protein bound on the surface of the polynmer particle is here sel ected
This structure makes it possible to produce multifunctional polymer particles which are

290 suitable for transporting biologically active substances. The "polymer particle binding
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 particle is here selected
from the group of proteins which comprises a polymer depolymerase, a polymer

25 regulator, a polymer synthase and a particle size-determining protein. These proteins
preferably originate from microorganisms which are capable of forming polymer
particles, in particular those from the genera Ralstonia, Alcaligenes and Pseudomonas.
The particle size-controlling protein is here preferably derived from the family of

phasin-like proteins and the phasin from R. eutropha and P. oleovorans is still more

30  preferably used.

A "polymer regulator" for the purposes of the invention is a protein which regulates the

transcription of the genes phaA, phaB and phaC involved in the formation of the
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involved in the formatio the polynmer particles. For exanple, the
f unct i onal for thippurphee. pol yner synthase is retained if a

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

20 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

25 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.

In this manner, it is possible to ensure a stable bond of the biologically active
30 substances and/or coupling reagents bound to the polymer particles via the binding

domain of the proteins, in particular polymer synthase.
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The biologically active substances used are preferably pesticides, herbicides,
pharmaceutically active substances and proteins.

25
The phannaceutically active substances are selected from the group comprising
dideoxyinosine, floxuridine, 6-mercaptopurine, doxorubicin, daunorubicin, 1-darubicin,
cisplatin, methotrexate, taxol, antibiotics, anticoagulants, germicides, antiarthythmic
agents and active ingredient precursors and derivatives of the listed groups of active

30 ingredients.

The proteins are preferably selected from the group comprising insulin, calcitonin,

ACTH, glucagon, somatostatin, somatotropin, somatomedin, parathyroid hormone,



pharmaceutically active substances and proteins. 25 The pharnaceutically
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adenosi ne deam nase, ribonucl ease, trypsin, chynotrypsin and pepsin. 5
Anot her asfsetherstspedief thevinyention is & precgssdertbs it virrotveduationiof bivdpgredahde i on of

bi odegr adabl,e o] artigles, wherein the pr.ocess, conpr. Ses gviding a
sol ut ron SKBE RatglEy yitiSreih e Rivedt corie ProyRoify FRolupon SUled B B o o,
i nt roduci ngarii¢leOfoiMetiGoivithiablkas ope eligitrate, lodicihg irkuitieydhitibnGombted | i Ng t he
size of the polymer particles and introducing at |east 10 one further

prot ei n whbishiissuited & cemralling the size ofiheinehyredt parficlesandfatrodyging aleast The in
vitr roc . 1 he: . i

part 1] cs o uphbrBielufich FinQUaRPAE SrBlioh 8P uB Fhle NI BE THERL |
particl es and psedessalseoffers disd ddvantagelthiat e size o$ the padymerzeartdéemay bat i on and
separation of the polymer particles formed into individual size classes is
avpi ded. 1%pnineledas qaslys dyrag PrRduRE pfthe Belymes Bertiles and fhsedpentcestiyol ved in

the format %@L&irﬁé-c&ﬁkﬁmi@é’é?%@cfte%éﬁt}cﬁu’ a?lﬁ’cfe]%;a}at‘?orp etﬁgﬁélyﬂ(:? RaRfes fAREEI N this

pol ymer synthase 1's pr y selected fromt odp conprising the

pol yner syintdadviduabsivé&claguet isoploadedP. ol eovorans, P. putida and P.

aer ug{gosa. 20
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. eufropha, P.
oleovorans, P. putida and P. aeruginosa.

20
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

25 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 B-mercapto fatty acid and/or a B-amino fatty acid and an acyl CoA oxidase
or other oxidising and activating enzymes for the formation of the polymer particles.
Using these substrates instead of R/S-3-hydroxy fatty acids and acyl CoA synthetase

30 results in a CoA recycling system, in which the acyl CoA oxidase will activate and
oxidise the fatty acid while consuming CoA and hydrolysing ATP. During

polymerisation, the polymer synthase eliminates CoA, which may then in turn be used
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added to t%@a@ma%ﬁaﬂlygaﬁrﬁwll%% tp e oBHtionAn eiqupRity SYeh issHtfigent&ch a

quantj (? Y thibreicdontrs] otthd Lick Sf‘ﬁleg)?l;?lﬂs? BERicFRThmHd. Als ilfl he z‘]fticx)z?v% df)cet:.ﬂ fhgPol yner

particles. Mreover, the size e polynmer particles may al so
addi t i onal inyifbepwoedsratdo ethprisys Autidiengpssibditips fymentrellingpatandreattivde sizd ut i on

in a quanti which is,sufficient 1o 1 sure control he size of the
o yrrer - pettib b act s S eReaRme b yishl SR iR aBeiR gfdhe fRtiet P8 afd ococs
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desired size and nmking the process nore efficient and cost-effective. 15
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i nt v oftuct o B PPD B Ponetantie ke wRuS so RSB yreRSale ¥ cles T nto
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protei ns and |s%fﬁrreferably sel ected from

) / ] he group conprising the phasin
From Ral stietvastfromsheleanity olimbaphdikeprotronanbicuecmbhasleiabvondis, 20
group comprising the phasin from Ralstonia eutropha and the phasin from
Pseudomonas oleovorans.
20
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
25  polymer particles with a different composition of the polymer core. As already
described further above, the polymers produced in this manner impart the most varied

properties to the polymer particles.

In the in vitro process for the production of the polymer particles, the composition of
30 the lipid layer on the surface of the polymer particle is controlled by adding at least one

amphiphilic molecule from the group of phospholipids and ether lipids to the solution

(In the absence of additional amphiphilic molecules, the particles obtained in vitro are

surrounded only by proteins, which constitutes another type of particles.). In this
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20 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

25 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
properties. They are then added to the solution suited to polymer particle formation,

30  where they are involved in the formation of the polymer particles. As in the ir vivo
process, the polymer particles produced in this manner may also additionally be
modified after the production thereof by subsequent modification with the coupling

reagents already described further above or by addition of biologically active substances
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20  The control of particle size, control of the composition of the shell membrane and in
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

25 not only at least one pharmaceutical active substance to the particle surface but also an
antibody, the binding specificity of which enables precise guidance to the target site.
These and further advantages are explained in greater detail in the following exemplary

embodiments.

30 Description of the Figures

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:
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Fi gure 1 ShQynierseaamEd Forodamplhasin raftetsdr PHAR PerAdR eaGopHapdegr adabl e
polynmer particle and the proteins and |'ipids which are bound to the
surface. The abbreviations relate to the follow ng proteins: WO 2004/ 020623

17 PCT/ DE 0 j di
genc i n REGHE LAY e RipRBXTRInBRES AT RR Bl B RONE igidf oo b
phosphol i gha. 5u£opimowmmpleﬁolb;ﬁwbﬁy ﬂka{oaw(w}ahﬁr@hmmlcr@m @$Byis (PhaR
fromR eutropha) Figure 2 shows an_exanple of synthesis of one of the

possi bl e mr@ql}tcsqi auakhr@e aagfyn@rc@‘ss stagtirg, fr@utthwrbatratqrﬁeetxl WeT%¢@ Rpgatoxy

al ka ﬁﬂl'lf:ﬁ]‘ N6 t age
pr ocess startl nﬁ%ﬁw{ lﬁ"t?? ra ée%gge{nlafs%g{&({ﬂ% rI%SﬁeltaEt unit in PHB
is O-hydr (fnpxhaﬁoprafaheamlglmeif patitlervath the pﬁlymtrtshﬁha’swliohﬂd;tcstheemd‘dtdes in the
formatlontﬁ e pol ymer particle with the polymer synthase bound to the
surface t Figures 3 and 4 show the results fromthe in vivo
experl ments. Fi gure 3 here describes 15 the behavi our of polynmer particle
di aneter with enhanced phasin expression (increased quantity of inducer in
t he sol ut ilagyres dand 4 skhowuheredultefsan ithxez vliﬁme:xlpeﬂimehtmil?igoﬁe 3 e dqmi‘ibﬁer

in the cell wth ephanced sin I‘BSSIOI’I.I creas

arti cI e C
(F:])u ant tg gehavmur of polymer particle diameter w1tl?cr?ha.ncec? XlPasm expression mcreas

pol yrer

quantity of inducer in the solution), while Figure 4 describes the behaviour of the
polymer particle count in the cell with enhanced phasin expression (increased quantity

of inducer in the solution).

20 Figure 5 and 6 show the results of the in vitro experiments. Figure 5 describes the
influence of the quantity ratio of phasin to polymer synthase on polymer particle
diameter, while Figure 6 describes the influence of the ratio of substrate to polymer

synthase on polymer particle diameter.

25 Figure 7 shows the vector pBBad22K (Sukchawalit, R. et al, FEMS Microbiol Leitt.
1999, Vol. 181(2), pp. 217-223) which is used as the starting plasmid in the
construction of plasmids pBBad-P (which bears the gene phaP from R. eutropha ) and
pBBad-F (which bears the gene phaF from P. oleovorans).

30 Figure 8 shows the vector pBBad-P which bears the gene phaP for the expression of the

particle size-determining protein phasin from R. eutropha .
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al., Arch. Mcrobio 1999 Vol . 171, pp. 73-80) which inparts storage of

t he pol yrrer (p ol yhydroxybutyric aci d) sai d pI asm d bearing the genes

phBRe, cA0NBRL AT %@hﬁl"@aﬁ‘%@%ﬁ] \3@5% Mé‘%{oﬁf Oacyl 5

blosyntheS| operon I essi ase

reduct ase 94, vhlaﬁ@,}ppt 3%909)&@011 ﬁnﬁeﬁtssslttﬁm@ (ﬁﬂ’the pbl@ﬁm @qbﬁ’rjﬂ?dxy( Langenbach,
S. et al., FEMS M crobjol . Lett. 1997, Val . 150, . 303-309) which inparts
storage ofalkangatssh said plaspid W%a&eygenamba%éqr&wresgan at pelymer ED’TE@éF‘l ng the
gene phaCl for expression of polynmer synthase. 10 Figure | | shows the

vect or pBBad-F whi ch bears the gene phaF for expression of the particle

si ze- det erkipgmierld shows the-vectoe pBBatldi which brarPtheoteno phala fis.expregsiowofitheshows t he

vect or pBHR71 |ch has been. construgcte arting from 15 plasm d
pBHR71 frd?ﬂrtﬁlﬁ%% qigrmining phasing WP‘.?FI?&" &’é’ aCl, which codes for

pol ynmer synthase, bears two cysteine resi dues on the N-termnus in order to
enable direct binding of biologically active substances or the binding of
bi ol ogi cal FigudQishews mm@cmm@BﬁR/]IaCymwbkhhgs beagenstauctistétiggfroml 3 shows

t he vector ,pBHR7 se been con ct.e sartlngfrom
bl asri . peRRRIGFEBCE tomd e T ninvthi SHuifre ffraete PRC b aHEe 50 Brnt ch
polymer synthase, bears two cysteme residues on the N-terminus in order to enable
direct binding of biologically active substances or the binding of biologically active

substances via coupling reagents.

20  Figure 13 shows the vector pPBHR71-FLAG, which has likewise been constructed
starting from plasmid pPBHR71 from Figure 10. In this structure, the gene phaCl, which
codes for polymer synthase, bears two FLLAG epitopes on the N-terminus. This enables

( not only in vivo incorporation of gene sequences for functional proteins via the Spel
restriction site of the FLAG gene sequence but also the attachment of coupling reagents

25 and/or biologically active substances in vitro onto the already expressed polymer
synthase. The biologically active substances used, which are bound directly or via
coupling reagents, impart binding to the target site (for example cell surface) or

biological activity, in particular enzymatic activity.
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capabl e of du0|n t he bi od y Ies ready descri bed
ahove. rase agl@a'ﬁéu“?r%? gff?‘ﬁ’& id ﬁﬁ%"é‘% 4’1‘ r@t’ With a
vect or V"h' @ﬁb exemplAg HRAImatt ules BURhERINR0IEQBE BkiRples, WHRR iSRRGl ch
codes for phasin and contains the pronoter sequence IS gene |s

cont r ol | edndsgapabld efdwodining the bnwdegradake pbbymz pyrtinleBabeadyr dasotikad abhveh i s
induc]ﬁg by arabi nose. 20 Coning steps Cloning is perfornmed using the DNA
sequence fromR eutropha which codes for phaP, this sequence being |isted

in the " GenBagifer- e it RN s ArOther trhtdon®d with £ ve@br which, in the case

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.

20
Cloning steps
Cloning is performed using the DNA sequence from R. eutropha which codes for phaP,
this sequence being listed in the "GenBank" under number AF079155 (Hanley, S.Z. et
al., FEBS Letters 1999, Vol. 447, pp. 99-105). This sequence is inserted in the

25 Ncol/BamHI restriction site of the vector pBBad22K (Sukchawalit, R. et al., FEMS
Microbiol Lett. 1999, Vol. 181(2), pp. 217-223, c¢.f Figure 7) which contains an
inducible promoter (Pgap). For the purposes of cloning, the corresponding Ncol and
BamHI restriction sites are inserted into the sequence which codes for phasin by PCR
mutagenesis by means of the primers 5'-aaaggccecatggtcctcacccecggaaca-3' (SEQ ID

30  No.l1, Ncol restriction site in bold) and 5'-aaaggccggatectcagggeactaccttcateg-3' (SEQ
ID No.2, BamHI restriction site in bold). The resultant DNA fragment of SEQ ID No. 3
is hydrolysed with the restriction enzymes Ncol and BamHI and ligated into the
likewise hydrolysed vector pBBad22K (Figure 7). The plasmid, which now contains the
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20 strain from Example 4, fewer than the above-stated genes are sufficient to enable
production of the polymer particles. The same applies if the organism is already
supplied with certain precursor substrates from the metabolic pathway for polymer

synthesis.

25 If a further plasmid is used to introduce into the cell the genes necessary for formation
of the polymer particles, the plasmid pBHR68 (Figure 9), which contains the 5.2 kb
Smal/EcoRI fragment from the chromosomal DNA of R. eutropha, is particularly
suitable. This plasmid contains the biosynthesis operon for the production of
biodegradable polymer particles from R. eutropha (Spiekermann, P. et al., Arch.

30 Microbiol. 1999, Vol. 171, pp. 73-80).
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a simultaneous increase in the average number of polymer particles. In this manner, it is

possible to bring about a distinct increase in the yield of polymer particles with the
desired diameter. This makes production of the polymer particies quicker and more
cost-effective.

20

Example 1.3: Control of particle size by substrate availability

Another mechanism for controlling the size of the polymer particles is to regulate the
( availability of substrates or of the polymer synthase which are required for synthesis of
the polymer particles. Availability of the polymer synthase may be controlled by means
25 of antisense methods, by genetic regulation or by the availability of the substrates which

are required for formation of the polymer synthase in the nutrient medium.

One example of particle size regulation by the availability of a substrate in the nutrient
medium is an experiment in which the concentration of the carbon source present is

30 reduced in order consequently to control the diameter of the polymer particles formed.
To this end, an E. coli strain which contains the above-stated plasmid pBHR68 (Figure
9) with the biosynthesis operon for the production of biodegradable polymer particles
from R. eutropha (Figure 8), is grown in M9 medium with 1.5% (w/v) glucose at 30°C.
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is, for example, possible to use the polymer synthase from R. eutropha, which produces
20 biodegradable polymer chains from C4 fatty acids (C4), polymer synthases from

Aeromonas punctata (C4 and C6), Thiocapsa pfennigii (C4 and C8) and P, geruginosa

(C6 to C14). Simultaneously introducing two or more polymer synthases into the cell

also makes it possible to produce polymer particles with the most varied properties. In a

—

continuous batch, new polymer synthases with modified substrate specificity may also

25 be obtained by random mutagenesis (i vitro evolution).

The composition of the polymer particles formed may also be influenced in other
manners. Providing different carbon sources, precursors of different carbon sources and
intermediates of the metabolic pathway leading to formation of the polymer particles
30 likewise have an impact on the nature of the polymer formed. Moreover, the metabolic
pathways involved in the formation of the polymer particles may be controlled by

inhibitors, the use of knockout mutants of the metabolic pathway in question and the
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vivo production of biodegradabl e pol yner particles %"rom( -3
hydroxybutyric acid with a highly crystalline core 20 This experinent was

performed Hol e 3N pHivs SlodushdifarbiotaflabR BoRniS phlfIR ARTR)-3-

hydroxvybutvric acid with a highly crystalline core

20 This experiment was performed using an E. coli strain which contains the plasmid
pBBad-P and the plasmid pBHR68 already stated in Example 1. Culturing was
performed under the conditions stated in Example 1 with glucose as the carbon source.

{ The polymer particles formed consist of (R)-3-hydroxybutyric acid and have a diameter
of 50 to 500 nm, depending on how much inducer (arabinose) is added to the medium.

25 The average size of the polymer particles formed in this manner here varies by only
approx. 20 to 50 nm. In order to clarify the control characteristics achieved by the
phasin introduced by means of the pBBad-P plasmid, the experiment is repeated with
the above-stated £. coli strain without the pBBad-P plasmid. In this case, polymer
particles with a diameter of 150-250 nm are obtained. In comparison with the control

30 experiment, controlling particle size by means of the phasin enables the production of

much larger but above all also much smaller polymer particles.
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20 inhibitors are used which correspondingly inhibit fatty acid metabolism (for example
acrylic acid; Qi, Q. et al., FEMS Microbiol. Lett. 1998, Vol. 167, pp. 89-94). The

otherwise required ketoacy! reductase and the thiolase are no longer necessary when

P

using the mutants or inhibited microorganisms. Enoyl-CoA hydratases intrinsic to F.
coli then catalyse the formation of R-3-hydroxyacyl-CoA from enoyl-CoA. This is then

25 converted by the polymer synthase into poly-(R)-3-hydroxy fatty acid, which forms the
polymer core of the polymer particle formed.

Cloning
The phaF gene of P. oleovorans, which has already been described by Prieto et al.

30 (Prieto, M.A. et al., J. Bacteriol. 1999, Vol. 181(3), pp. 858-868) and is listed in the
"GenBank" database under number AJ010393, is transformed into E. coli using vector
pBBad-F (Figure 11). This vector is obtained on the basis of vector pBBad22K (Figure

7). The individual cloning steps here correspond to those described in Example 1. The
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desi gnated pBBad-F (Figure 11). In addition to this plasmd, the pI asmd
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Example 4: Control of the size of the in vitro produced biodegradable polymer particles

The size of the biodegradable polymer particles formed is also controlled in in vitro
20 production by the availability of the polymer synthase, of phasin or phasin-like proteins

and the availability of the substrates and metabolic intermediates.

The necessary enzymes and substrates must first be made available for the in vitro batch
for the production of biodegradable polymer particles. The recombinant polymer

25 synthase from R. eutropha or P. aeruginosa is used for this test (Gerngross, T.U. and
Martin, D.P., Proc. Natl. Acad. Sci. USA 1995, Vol. 92, pp. 6279-6283; Qi, Q. et al.,
Appl. Microbiol. Biotechnol. 2000, Vol. 54, pp. 37-43), which are purified by affinity
chromatography (with His-Tag fusion or Ni**-NTA agarose). The polymer particle size-
determining proteins from R. eutropha and P. aeruginosa , for controlling particle size,

30 are purified in a similar manner. In order to express this protein in R. eufropha, the same
vector is used which has already been used in Example 1 to express the phasin gene.
The reaction batch for in vitro production of the biodegradable polymer particles

additionally contains, apart from the polymer synthase and the polymer particle size-
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manner. In order to express this protein in R eutropha, e sanme vector is
used whi ch has al ready been used in Exanple 1 to express the phasin gene.
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protein phasin: R-3-hydroxybutyryl-CoA or R 3-hydroxydecanoyl - CoA as
substrate Fustaigte nelém@r afntbfﬁe opgrlmst ppgicly @megter SdepesHisgsmthovlint er (pH

7.5), 0 e use of
R- 3- %édrg%%gﬁmﬁ%%ér%%&ggnﬁh%’(oxy g%‘%ﬁo@t ﬁ;‘&bf’ ﬁaéors a%)ér] t he
pol ymer 5 ﬁl}éﬂémﬂéﬁectﬂvé regllmmh of pariadize thay merchingyﬂala |aolhlasc&1 wnsedzef

reduct ase é\% f. Fig results of Fig. 5 show the influence of the
quantity r |P6°‘E9P51‘ﬂ?8 “ﬁgi"ot BYINAEIN. synt hase on pol yner particle dianeter,
while Fig. 6 shows the influence of the ratio of substrate to pol yner

synt hase on pol yner particle dianeter. These results also show that 10

pol ynmer paEkample 5siifbieneigp tiat dommpostivn lof theas wrized prbdbeedt gudymergrartidles of pol yner
synt h@se present. Effective regulation of particle size may accordingly be
achi eved by neans of the process according to the invention. Exanple 5:

| nf I uenci ngx4hile SOMAMidnc e plyrhdi®ohipolitibh 0 Produced pol ymer particles 15
Exanpl e 5. T T'nfTuencing polynmer conposition The conposition of the

bi odegr adabhecquopasitim ¢fthe biodegradablbpolymdi particle myayadwdnedified by adding

different substrates to the reaction batch and/or by using in each case different polymer

synthases with a different substrate spectrum (c.f Example 2). In this manner, a series
20 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. geruginosa , R-3-hydroxy
fatty acid building blocks with 6-14 C atoms are incorporated into the growing polymer
chain. If, for example, only one substrate is supplied, homopolymeric polymer particles

25 are obtained when using the polymer synthase from P. geruginosa.

Further examples of how the composition of the polymer particles may be modified are

stated in Example 2.

30 Example 5.2: Influencing the membrane composition of the polymer particles

For the purposes of subsequent fusion with the membrane of a cell, into which an active
ingredient is to be introduced, for example, it must be possible to control the

composition of the phospholipid layer on the surface of biodegradable polymer



different substrates to the reaction batch and/or by using in each case

di fferent v%oké’wozo@'m hases with a di fferent substrate Z‘%&f"é%@(’&f

Exanpl e 2) RS manner, a series 26 of different rfOR

i ncorporated into the growi ng polyner chain during formation of the pol yner
particles and articles wwth a different pal ynmer conposition are
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suppl i ed, pobymegrglaytnde farmatiby.rihe Ipanbnamtwl%mdwedlmﬂyaaﬁw@ﬂmhm using the
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Exanmple 5.2: |Influencing the nmenbrane conposition of the polyrrer particles
For the purposes of subseguent fusion wwth the menbrane of a cell, into

whi ch an dﬂmsplwllpldﬁgxr@@nkb tto the inwitherepstiandeiiche d defined axmbpt ef mplecwlesst be

possi bl e t corrp05|t|o f th hosphal.i pi Iaer.nthe
Port e of e iifhest SRS ydloBn SRR R R Wbl B S8,

particles. poTﬁhaxgaﬁ@wbﬁicem ihe pablmer padicle’ actordingrte ﬂﬁflﬂdétﬁidncb&c&lﬁé(ﬁﬁ@re 4) of
the biodegradabl e poly particles right fromthe provision_ of the

sol uti on saandtthﬁpqlmewn}hﬁéﬁs emiheiserlecerase AR langat able sompletslniteshicld thse
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vitro reacdmposedb&t\ollinchémefphn&ﬂnﬁlummsp@htaﬁ&h&l},uémh tlm‘msrehes.pol ymer synt hase
are now involved in the formati on of the polyner particles. As

pql yneri sation pr oceeds t he pol yrrer particles according to the invention

becone | argegpe ¢ r{pﬁll% Sur@ég@ ?ﬂ’éﬁﬂl%&‘% oﬁ?:cﬂ‘é&éﬂ%cﬁ sealfég%ﬁﬂgé?ﬁ abl.e

conpletely to s particles a result,
hydr ophobi musztcﬁ'mﬂﬂ)e(rcrhomﬂ Toehik ead,acetorpeasedtion @ pdnfmimednpphqsbhéllpaseﬂﬁrec ul es
spont aneousl y, attach thensel ves. In the case, of ﬂlﬂél VO duce rticles,

the phdsphitrdsoaturing detergentsare used tp dssiipy he phospho tlasrer r@ ed. To

this end, # q'"i,iﬂ“
non- denat uri n %%ﬁ%gﬁ?@hﬁ?gf&@ﬁﬁo@f@st o>} t%eﬂﬂﬁi| oI I pl d I ayer Then,

as al r eadynaesicmalye ipiabivecepolamen perticles. Negath\@l)apimrgqﬂ p}a:lsphtﬂmndn @hilic
mol ecul es Ihosl?hag?i)ql ghohne are preferably used here. In one exemplary embodiment of

purposeful control of membrane composition, the polymer particles are suspended in

20 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).

Example 5.3: Incorporation of various substances into the growing polymer particles

25 Uptake of substances into the core of the biodegradable polymer particle has already
been qualitatively investigated with the assistance of the lipophilic fluorescent dye Nile
Red (Sigma, St. Louis, Mo. USA) or Rhodamine 123 (Spiekermann, P. et al., Arch.
Microbiol. 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 medium or the reaction

30  batch, dyeing of the polymer particles produced can be observed, i.e. dyeing of the
polymer particles begins as early as during the synthesis thereof and even before

isolation from the cell.



now virtually lipid-free polyner particles. Negatively charged phosphol i pids
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in vitro production, descri bed above t he fluorescent le Red is
added to tﬂoéhmwmn f@r thetfermetm ¢fghe B@ymat pmlcldy,evhcgetwbnttltrﬂaaq@tyby mer

ticl d.,. ticl
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with a pharmaceutical action are added, they may be incorporated into the
pol yner  cofoe thsfpreseacpef packitesel inomeansafTRL.C.{The enepsst inpaelitexelunour agent
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di ssol ved pditcle® m(s&né palfyﬁiér pértidles bivdoyddenab bEgamhymlHacmé tng@édiéias pol ymer
particles. Paclitaxel is here nmerely added to the solution for the

f qr mati on Bbseqyenthorejased. p“afetapte%lgatdm@h@nmwrmqﬁ@aawéqsv%usqdr?@@éem% i's
concentr at I ticles
have for me‘?H r%/irﬁrdé%s ?%%ttb‘%% Drgénl%lr Sééﬁlrt‘ég élit%)%%?ﬁﬁ‘:en I?{r?]lvﬁé{gﬁhéfg I ng the
sol ution 4uited tdpolpmesparcieledbrmpaioni t axel by neans of HPLC. The decrease in
paclitaxel 10 concentration in the solution here shows that it has been

i ncorjp%r ated into the polynmer particles. As the polymer particles

bi odegr adeg] ni108: AhRaBhSIBatib6f AELhMYRId fAghedi ent is subsequently rel eased.
A reaction es 15 used as a control, wherein in
this g:ase Bimdxrgécdlly activelsubiseases dan bt heuphol prowis| whidnareniready looatedion the

sol ution ujted.to mer rticle fornmation
uH acc of the pP)Pyn¥er partPc?es !Aﬁ tﬁe proterlrr?s sltated in Figure 1 may be considered.

This results in a plurality of "cross-linking"-strategies, which enable covalent linkage of

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

Example 6.1 Purposeful modification of a surface protein for attachment of a
( pharmaceutical active ingredient

One example of functionalisation of the polymer particles is the attachment of

25 hydrazone-bound doxorubicin (hydrazone-bound doxorubicin has been described by
King, H.D. et al., Biconjugate Chem. 1999, Vol. 10, pp. 279-288) to the polymer
synthase PhaCl from P. aeruginosa, which is bound on the surface of the polymer
particles and contains two N-terminally inserted cysteine residues. These cysteine
residues form the binding domain of the polymer synthase, by means of which the

30 biologically active substances may be bound.



15 Exanpl e 6: Functionalisation of the particle surface Biologically active

subst dnces,.C nd to proteins whi,ch are already

surface o?wot%éb'lggf@%r particles. Al ?%e prote| ns staltﬁ@%&gg?ﬁgure 1 may be
considered. This results in a plurality of "cross-Ilinking"-strategies,

whi ch enaﬁhe coval ent |inkage of 20 the biologically active substance vi a
proteins are bound to the particle surface. Exanple 6.1 Purposeful

nodi ficat TR tQpled o%lelfnfg%?thlérc%t@i'n@ rés?&ue@tafea&mrﬁy MR %uté&%ﬂésl?@ﬁﬁ‘&flﬂec al active
i ngredi ent One exanpl € functionalisation of th g@go ymer particles is the

at t achnentgens c@nmﬁu?@a@hewb@h ictheglonedingd the Cfhpdl pag BaaH] estrictimedtc @bi CI n
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bound son tae 1ﬁwﬁfea¢1ﬁo@me gdie ipeliy PFER m@agdnesik EPheittmed bl fos tHeRCRY-t er mi nal |y
I nserted cysteine residues. These cysteine_ residues formthe b| ndi ng domai n
of the polfuagenssinphthedhaby-codimgens hayei the fallowvingseayprtesgpriaen for hetN~ e

subst ances A ing The
i pl ots S st el SRRt A Rl e P BB BRE 1 S Tt o
the gene Xiediredgidton skbaCboldy@lyctiples uhdelinel) ané grimet ﬁ)rtthECXbﬂlhlnﬁ:ﬂﬁi- BanHl
restriction site of the plasmd gBHR?l shown in Figure 10. The restriction

sites for aRprEceEMacticaigetieatecasd {PEQ IPNe % g‘ém}ﬂtfﬁsqlﬁtéopg%Wén baldnThe pcr

Tut aganesipgNa t EPoBratizg e SBO 10N AR R hANANEH FiPkohiiha Tt codi ng
gene have the OW ng sequences: pri rrer or 't N term nus

5' - gggct ctaagzhgatteda:ggalgaslamladﬁhgdroiyse;hghanuhplﬁéﬁ@ag"ﬂtetreﬁﬂta(laﬂ@mlﬂ, No. 7,
Xbal rest ction,s tri t derl d) and r r for the
St er m nudeentgd BRI AU e 1, riraimtd 70 Fshes by Mg |
restricti QBchhiduls, | WheP0}tden &asleg%e%ﬁnétf@%walyn%a pgaic@ésrbﬂeqn@g §6leP No. 9
is then hydrol ysed wth Xbal and BanH and'li'gated into the simlarly
hydr ol ysedypthassnindthp Bt thakef, mdisall podymenslyathasabearcia qsteinedepdmRior Cys
(Fig re 1 i s, transformed in t echni ques,
V\/ner %ﬁ%ﬂﬁaéhﬁlﬁ%@j‘faﬁsuﬁ It F??nmd?artb%?%m%{’rem‘?ﬁlfé@bsﬁélﬁ?ﬁ ng a pol ymer
synt hase on the surface thereof, which polyner synthase bears two cysteine

resi dues for o o
Example 6.1.1 Attachment of doxorubicin (syn.: hyvdroxyl 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

20 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 disulfide bridges in the polymer synthase. The low
molecular weight compounds are then removed by 30 minutes' centrifugation at 4°C
and 40,000 x g. The reduced polymer particles are then suspended with 1 ml of PBS

25 buffer (pH 7.5), which contains 10 pmol of the hydrazone-bound doxorubicin, and
incubated for 30 min at 4°C. After this period, centrifugation is again performed under
the above-stated conditions in order to wash the treated polymer particles. Unbound
doxorubicin is detected by subsequent HPLC and the successful attachment to the
polymer synthase is verified by the reduced concentration.

30



15 the attachnent of various substances, in particul ar pharnaceuti cal

subst anceg,, H6. 1.1 Attachrrent @ doxorub| cin r

daunor ubi ci nfd%&?wdrazone medi ated "cro | i nki ng" naygﬁ%}v]\?mrog%}e%gg%w a these
surface-exposed cysteine residues. To this end, the following nethod is

used: 100 _fhe |s| at ed 20 pol ) . |cI es . total to
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in partiﬁé{l 1Qharmac utlcal actlée | ngr edi ents to the_ bindi n{g donmai n of
the pol ynetirepisd pndingdogin by mezgs @ WBH%I@ crEpling eagent opa bidogieAlastiye | yner

partiG es skl Moy IRURNY! Bn ik @ﬂghrﬁtgze%?al?@d erPa'EEBr&tQ@ Bgfl‘lﬁgbgﬁe‘?o“”d to

the surface of the polyner particle his 5 end I'n omai n nust
first of glaftticdhs vuﬂeapmﬂiemBrhnm emblel dieclattgéhmadnit pf acouplmgadgenaoces i s

achi eved c nodi fication of surface-bound proteins pol ynmer
part i ol os RUGERASKBE SuSHFat BOSyHHER a0 FLSMOcTn STrAsF NBHAL n || ke
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forman outwardly directed bi EJ)I ng domai n by nmeans 0of which a coupling
reagent orprateini andabyg fmed prodain isfully@etsimbdt ance may be bound. On fusion of the
aboveﬁétat ed surface proteins of the polymer particles with a protein which
enabl direct attachnment of a coupling reagent or a biologically active

subst ance,niohe bﬁer@ﬁ&%"@rﬁlﬂiduh@nteé‘ ﬁ&?ﬁl@i‘ Partiblie Swill] QFFBISA Gk ?&fﬂ; @ised USi on
with the surface protein of the polyner particle, the functionality of both

t he surf achrecily onteithe Nridrmings 61ibe go eymhase PhaCl yromePag¢greginosa . The
FLAG epitopes enable the binding of commercial anti-FLAG mAbs (monoclonal

antibodies) (Anti-FLAG M2, Sigma-Aldrich) and then of enzyme markers which are

20 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

surface of the polymer particles is then determined photometrically.

25 Example 6.2.1 Production of a polymer particle with a FLAG-PhaC1 fusion protein

The following oligonucleotides are used for the production of the FLAG-polymer
synthase fusion protein: 5'-tatgactagtgattatanagatgatgatgataaaca-3' and 5'-
tatgtttatcatcatcatctttataatcactagtca-3' (SEQ ID No. 10 and SEQ ID No. 11, Spel

restriction site in bold, FLAG epitope underlined). In order to obtain double-stranded
30 DNA by hybridisation, the two oligonucleotides are mixed together in equimolar

quantity (each 10 pM) and incubated for 30 min at room temperature (RT). The double-

stranded DNA formed in this manner codes for the FLAG epitope (DYKDDDDK) and

has overhanging ends (TA) which are complementary to the overhanging ends of the



15 I n one exenplary enbodi nent, a polynmer particle with two FLAG epitopes is
fused dirgc he N-term nus of _the polynmer synt P rom P.
aer ugi nosa"?b. Eh.%aef?ﬁf;%gt(; epi t opes enabl e *he bi ndi ng of %@Zﬁ%ﬁg?&ﬁ%g%i - FLAG
mAbs (nonocl onal anti bodies) (Anti-FLAG M2, Signma-Aldrich) and then of
enzynme markers which are 2Q intended to prove the successful perfornmance of
the proce | n. &0t s Exafd 6ATg i.hbody/ L j .ase

conj ugat ezﬁ?ealr{%ntln%%@e&gﬁ@;mm 3%@%?’;“{%@&“&? tgl%y&khg?# ((:lﬁt)heg‘?gceﬁgé as the
enzynme marker. The activity of the al kaline phosphatase on the surface of
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ol | owi ng SPigdnBEEEerden S BRHATT RS Pt Tt eruttRes MRl Taes ol y e
synt hase fdbniaoiy RE ?é&i With SEQ B 8aCiAsHd iatpalth %iéaé%m sl 151? ﬂgltn %-hﬁfa@e 3" and

5 - tatgtttatcatcatcatctttataatcactagtca-3' I D No. 10 and SEQ I D No.
11, Spel wikNeoninehFkiGefusion fdispartalals: pysitain pew fodey the badling domander to

o SRl B PP R BB B BRI BHER oo, e
at room t efipeindibg @ofalih) Thd BiagalatPhed restictdndad wWhith i Oikewikeiiltrdducéd manner
codes for the FLAG epitope (DYKDDDDK) and_ has over hangi ng ends@}g;{A) whi ch

are conpl efisingsigningisadditionalinayrileblg feridie insertioneo iy deored _
PCT/ DE20034C r%ﬁ?{l%? hi@ﬂ%loflé Fo?tfﬁﬁc?i%h%[})ﬁfek% (CATATG This DNA fragnent is

hydr ol ysedrrv e restriction enzynme Ndel and cloned into the
vect or¢o pHBR71 (Figure 10) which has to this end been simlarly hydrol ysed.

The plasm d pBHR71- FLAG (Fig. ;13) obtained_ in this manner _contains the gene
with SEQ | Begllowingsmethpdisised apanpaanle af Bie fancliongliry of theabeyestatedy ¢

{
N-term nal fysd ' [ t ha; binadi ng
domai n) . ﬁﬁg@g&i ‘g‘z‘?eﬁg‘a gfgﬁ@épfgfj%g zliansgrg‘g h%%“@ﬁ?%ﬁf‘%‘ﬁg@&g@h%%y now be
bound by nwhich abéadytdonmibihedilasgmnid pBBiad-F aidexbibiguinadifispdattyasd ri ction site

which is |ikew se infroduce uring cloning is additiqpally available for
the inser tmsﬁwelf%na@ hiaprid) b HORARCTRAICIF 5 REE S ErPobRE f or
functional o RfiQkLdrBIsolatéd from the cells by disrupting the cells and are washed three times

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

20 minutes' incubation, these particles are washed in 0.1 M tris-HCI (pH 8.5) and then 2
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
without a binding domain, i.e. without the FLAG epitope, are used as a negative control.

25 Since the added p-nitrophenyl phosphate is not converted in the control, the results of
the spectrometric measurements at 410 nm are negative. The mere fact that the polymer
particles have actually formed is proof that the incorporation of the FLAG epitope has
had no effect on the functionality of the polymer synthase.

30 This process may also be performed with one of the other above-stated surface proteins

of the polymer particles. If two or more surface proteins are simultaneously modified, a
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suitable for many different applications. e in the previous exanple a

bi ol ogi cal distanet afentStds therstat vabnsa bbespumh bindingmited GAGGAGHandhr eady

cxpr opSed B0 10t MRS, SULLace, proLel B ol Lhe ALY L LLebey ol kg o0 O
then expr egs exdmple fi: SEMIR7 £FLAG DEtSAEDth HRAUSE GRSad hdsD&ilsehel ns (for
exanpl e enzynes) are fused wwth the Ctermnal end 6f the phaC | gene of
t he pBHR7 1biAdingGsisé,abising. longer Dvessarp gddinionallyrte insettai ritedomygl R@#nghkiteh i n each
s OO0 e R P i B P08k s B bR Pulihedl 20Nt Of
cloning into the expression vector pPBHR71-FLAG is now possible. The restriction sites
20 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
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
25 5'-ccactagtttittgacaccagaccaactggtaatggtageg-3' (SEQ ID No. 14, Spel restriction site in
bold). In addition, the stop codon is removed from the sequence of the lacZ gene by
using these primers in order to obtain a continuous reading frame. The resultant DNA
fragment with SEQ ID No. 15 is cloned directly into the Spel restriction site of the
pHBR71-FLAG plasmid. The fusion protein obtained gave rise to the formation of
30  polymer particles with B-galactosidase activity. The corresponding polymer particles are
isolated and f-galactosidase activity is demonstrated under reducing conditions with the

substrate o-nitrophenyl-beta-D-galactopyranoside (Calbiochem).



fusion wth the phaC 1 gene. The two fragnents are |ligated together by neans
of a restrichi ' I nserted with overhanging pri ) h ' .end of
this hybri‘?}d%é%&e){%zgki:g di stance of 7 rﬁ%rfromthe stgtreﬂt’&é%%]r?%/gozﬁlg%osonal
binding site (GAGGAG and a 15 restriction site are inserted by neans of
overhanging pri 5§ Lf ot ector used, such as .for exanple the
pRHR71- FL Agampie & otgoiily obithe pord befiwgen the suciace prateins 4 S B HREE ng site,
it is no I@gg@rvn{é@@,%&persy additionally to insert a ribosomal binding site.
Together with an inserted restriction site at the 3' end of this hybrid
gene, pur ployestightions aarrigdpuit forche parpesgsrof s iowentionthove peReEzd tHLAE | s now

possible. The restriction sit Q.at the 5 ' .end f _t.he hybrid gene
st be sHUEREEOIER tREeThs &k fom BE e e BoafdtitrtiBary « he

hybr i ds gengartifle efthatbyateabthéd Wit @ndfirial Péasts Ofich 8§ fRlexample spiReeed
colinearly to the present pronoter. In this Exanple, the lacZ gene fromE

coli is alnserylisetateySRSansea gupdiium hdrgnhlariderwithionueisoh aprbyathe gprel
restrictiog %icﬁ@éo&iiﬁor%%@%ﬁ%@ﬁ%ﬁg&g@hﬂ@bk@&&@%%E%%&l%ﬁf&égé Biwedrddnbo- 13

Spel restriction site In

5' - ccact agpdlinet gatcdecaghhe pabingg paricpdindiag domainSHEchd pblimer dyhthaspeThe
restriction site in. bol n addition, the stop %odon Is rempved fromthe
o

d). |
sequence ofleyat %Eéﬁtyg@ﬁbg bond ensblss stahlsdanspariatipy of substagess hayndgg o n a

cont i pylous: ' : - a0 eth Sk . 15 is
cl oneic;éldi rlggﬁgfﬁ?ﬁtlo{otatﬁg pglygf'e ' 5’%‘3‘%&?@?‘8%& lfeglt%'f ﬁ?ﬂg t\é%tﬂ%ﬁhiﬁ _%&I}%I asm d.
The f ulsi onthp smt‘?ﬁerbmnlhd@bmcbéggmhasrei(}ﬂetehﬁinuhﬁ) the begihhing oﬁthé&np?wwmﬁ-
particles wt 3-gal act osi dase activity. The cqrrespondin ol yner

parti cl es Bydolasedgmainys sxiempelyaprabhle ap iy ba ceRlaGed,pyitun PH#Sed under

reduci ng coudi il L S s

ooni tr opherga Pl b brieh e hARS ! @i tpomner polymensynihgse o8y 3 23 33
PCT/ DE2003¢yad238 ®f p&lyavep partitles Steatsidinedy(Rehmt BeH.BonthlbBiogshem. Biophpur f ace
prot ej ns and |y corg 0 t he pol yner partijcles Lnvestijgations
carri Jeg ou‘f\CtF‘éBS%’h ‘%Ef%‘o?@sﬁ&f IQIOP\GQ? %Mﬁl‘iﬁﬁ“’ﬁé@a ee@@‘é‘l“g’&ﬁf% % he
pol yner sysiliasewhahahiths oieh@a Rasilhy o liler T Eiebnt fieteiodRIyaA’ab:

polymer 5 particle either by treatment with denaturing reagents, such as
f or exanpl kindingidomaihsde syhichsthe b egi¢abipSictivesubstangesaandir gauplyngyreadentsr i de or

di thiothreital or hy the use,. of. acidic conditions. . This is indicative of
the pr esen’?fggB?mgarso\%?Wd’l %Pﬁlés‘g%‘“ﬁ‘i%%’é‘ﬁ@t FEEVESINNE? particles and the
pol ymer  pagbijtflutdhaliiafion 601RIpdlyPher paRicROUYABE. THEN Pdfns akBapplied in

20 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

in each case code for a protein with a binding domain.

Example 7.1 Further possibilities for modifying the surface proteins of the polymer

25 particles
The C-terminal fragment of the surface protein phasin (PhaP) from R. eutropha (amino

acid residues from >Alal41) is hydrophilic and may be replaced by functional proteins
without preventing anchoring of the phasin via the polymer particle binding domain to
the surface of the polymer particles.

30
This anchoring is based on hydrophobic interactions and is reversible (Hanley, S.Z. et
al, FEBS Letters 1999, Vol. 447, pp. 99-105). This C-terminal fragment of the

intracellular polymer depolymerases is fused by genetic engineering processes with



el evated stability of the bond enabl es stable transportati on of substances
bound'to Qf Jdfdsipsgaporated into the pglynmer particleged 58 foobAJ0et site.
The N-term nus (ragmant of the surfacghbound pol yrer %y/?l’fg%ase/ N-term nus
to the begi nning of the conserved a/p hydr ol ase domain) is extrenely

vari abl e and.. be r ced nal. pregtein usd enetic

engi neeri %bncHgn?%(?&os?m P ?ﬁ %na%eﬁ lo%ﬁ?hgfg Ogé‘ﬁtsﬂfig%e O?éﬁ?@‘%?’g’le&nd

synt hesi s pafticRMyyedns RAGLbsel et aﬁ&hﬁehmﬂlﬂdlogﬁahﬁhct&euuﬁstmﬁies ahd/oBi ochem

Bi ophys. 15 Acta 2002, Vol. 1594, pp. 178-190). a consequence, surface
functi onaPPYINEAFAGERTS. obt ai ned which exhibits el evat ed stability. A mixture
of different proteins with different binding domains to which the

bi ol ogi cally active substances and/or coupling reagents are bound are, if
requi bed, Thpﬁ]—ieadinsl's arhinamedussigye SamgiBDNf the erdeellutad palfmect i onal i sation

of the pol article surfa ese prot lied in 20 vitro by
addi ng thé8 Xﬁ?‘?‘?ﬁaéﬁo - JHUBOREG &A“ﬁiﬁ-{}ﬂ‘ gm&s,Cﬁ{ﬁqfegthggﬁlg{pﬁgp{ch kehe synthesis
batch or igae %héﬁokp}étﬁxmﬁécﬁérﬂﬂ o1t V619 goriadp@&h@of%i R

m croorgani smwhich i'n each case tode rotein wt o] ndi ng domai n.
Exanpl e 7fzagﬁunttdféhe pmasalhnlarlnoilmerfdapolmrafsys mg‘u?.ekid)ysgmétacelgmacriag ns of the

pol ymer artic he C-termn fr t sur.f.ace rot n phasin
(PP 1 1 S8 S%WF‘J%& ISRl rhisi B do PREHEh betrgliEin S ATSS Sphi |1 ¢
and mgy beof ?gﬁgleby functional proteins wthout preventing anchor| ng of

t he pha5|n via the polyner particle binding domain to the surface of the
pol ymer particles. 30 This anchoring I s based on hydrophobic interactions

0,05 Y IATIRR fa yo T Bed Pl pd

depol yner asamirfase 6mego@megpaﬁicle@ EMBE PARE PHEI MIQFRFSRSm WisttloWonad®04/ 020623
34 PCT/ DE2003/ 002799 functional protelins and so enabl es functionalisation

of the supfee?@@mm binddhgprojaies to thapelyester aye ofethnpolymes npsistes éRiictat Mathnent  of
bi ol g cal| %Cé%p‘é%uﬁ‘rjigfrgﬁ%ggf?@g’ Iﬁ:[] §5§% QJ 'Tﬂf‘]slN?éfgﬁHéﬁ‘raﬁgneIp%'&et erm nus

(am no aci d resi I ntrace ar poly epol yner ase
~of R eut erplssid prddudthof e e ﬂlﬁFhﬁ@pﬁﬂrl@ﬁgédbiagcmicmrnemmg icles

processes with a functional protein and the resultant binding domain then enables

FLL

functionalisation of the surface of the polymer particle by attachment of biologically
active substances and/or coupling reagents.
20

Example 8: Covalent modification of the surface proteins of the polymer particles with

a coupling reagent
The proteins shown in Figure I on the surface of the biodegradable polymer particles

may be treated with specific labelling substances which bind specifically to certain

25 amino acids (for example N-hydroxysuccinimide biotin to lysine). This enables the
attachment of biologically active substances, such as for example of biotin by
iodoacetamide-mediated linkage to cysteine. Molecules, such as biotin, then effect a
further linkage of biologically active substances onto the surface proteins of these
polymer particles. These include, for example, avidin or streptavidin which may

30  themselves be bound to enzymes and so permit progressive functionalisation of the
surface proteins of the biodegradable polymer particles (Rehm, B.H.A. et al., J.
Bacteriol. 1994, Vol. 176, pp. 5639-5647). This functionalisation may proceed by

attachment of antibodies or pharmaceutical active ingredients. Molecules with different



(Saegusa, H. et al., J. Bacteriol. 2001, Vol. 183(1), pp. 94-100). This
Cterm nalyo bhageepéaPf the intracellulsar polynmer depQloyii-388fnde59d used by
genetic engineering processes with functional proteins and so enabl es
functionalisation of the surface of the 10 polyner particle. The N-term nus
(am no aci i f < , e i to the
surface of fh(gés‘lbo ﬁgﬁ%ﬁlﬁeﬁt&agge%@ %rﬁéé%gxﬁééér?{&]tﬁa’lﬁ Bgﬁ@% I?%%%% Egm
Pseudononaspecifit smfareahargeiwidch haxdparaagdons fdr arahiperitbtoughtfasios otth ceftaihhe

pol yrmer partigl es (Prieto, MA 15 et al., J. Bacteriol. 1999, Vol. 181(3),
pp. 858- 86BFMPHAPY N-term nal 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 enabl es

f unct i onalliabellingrof dfsindwesidues eicthe chrfadegrotoiny 0k thepml yrhen pertintesawitlabiotent  of

bi ol ogi cal.l .acti.ve substances and/or. c | . ng _reagents. 20 Exanpl e 8:
Coval ant  rSBFEAHIGREBE of RSP AL PG HEY Op i EHREMMErPOBARE, Cl o5 wi t h
a_ coupl i NgakeaeeRhicl Bearth®bSlyher SY1IM3e PRaEl HYHEP lucPlloibb® ardiédi&ed Bbnt he

bi odegr adabl e polymer particles may be treated with specific |abelling
subst ancesteogmnbinaifmn éOB pauchs beard thy plasmikpllBRA1. Aferdaglaom dhadpolymer exanpl e
N- hydr oxysucel; i m iotin.to l.yshne This enabl es,.the attachnent of

bi ol ogi calrflégléellc %g@aglgcocf;t éa’r?éleng?S 1§3”§$ @EI § rwaesigﬁgvcgnbhgﬂ{%xgwc%mbv ©

i odoacet anbicken (Sighinalddrith)ik 8@ aldedshesdigtion @i cofdeiliatien M Ptin, then
effect a further linkage of biologically active substances onto the surface
prot ei ns onM: [ThsseacHen sierminated by veashing agaia aftge) gyeutey' dcubgtipnAtd Cavi din or
strept avi dy i C . . rip t
proar oot et Mot o ORTE S Birdof Jaauits bAoA BRbSBaBET - ot o
pol yrmer patht sie¢mavidinedikaling phodphatikse adnjugale (Sigastaddric).and 99dtroplenyl 176, pp.
5639-5647)., This functionalisation pay proceed by . attachnment of antibodies

or phar madheephatg (Gdbipghem)gsebsteg. o Bl hate pfickes Pévgh hgge not
2004/ P@OG?t?eeﬁ%eﬁ’tglfw@%%{lﬂg{hgg@%anirﬁm{b%ﬁé&l@gaﬂﬁfefs{@yngggﬁmbm ihached in

order to inpart to the p r particles peci ace charge which is
advant ageopl®spletast metirgpor t  t hrough/ fusion with certain nenbranes.

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

20 of the polymer particles produced here may be activated.



5 Labelling of lysine residues on the surface proteins of the polyner
particles with biotin is achieved by neans of n-hydroxysuccini m de biotin.
- In this experinment, polynmer particlé&é which bear the pol ymer synthase PhaC
1 fromP. aeruginosa are isolated from reconbinant E. coli which bears the
plasm d pHBR71. After isolation, the polyner particles are washed three
times in PBS (pH 8.0) washed and n-hydroxysucci nimde 10 biotin
(Sigma-Aldrich) is then added to the solution up to a final concentration of
5 nmM The reaction is term nated by washing again after 5 m nutes

i ncubation at 4C. Detection of the biotin bound to the particle surface is
performed with the assistance of the streptavidin-al kaline phosphat ase
conjugate (Signma-Aldrich) and o-nitrophenyl phosphate (Cal bi ochen) as
substrate. Ip_the control batch with particles which have not 15 been
treated mﬁtgiﬁgﬁydroxysuccininide biotin, the particles do not exhibit

al kal i n¢ phosphatase activity. In addition to the exanples listed here,
there are nmany other coupling reagents for |linking biologically active
subst ances &i t h Alprocess fartthmpredoétionifdiodegmdsbie ralymeppettislassvhid® of t he

pol ynmer particleaﬂgroduped here may be activated. 36 Cains 5 1. A process
for the producti H?“ﬁiodegradable pol ymer particles which conprises: a)

introduction of gf | epgfodadifon T fdabd SheGRNRINID kANt £MRW SRS whbR[E! N
t he gene codes for a protein which controls the size of the polyner 10

particles and is sel etheaéné codestfora protaim whithclontrolsthe sizsof the pplyasirn gene

phaP fyom Ral stoni a eutr.opha_and ih hasi,n gene phaF from .Pseudononas
ol eovorans; b) introdEh'%ritllc ) lsastefefggg{m?)ﬁg o glfﬁﬁgﬁlgnﬁﬁtgﬁp@%&%mfor a
prptein involved in phe fromRiliomia@trbpha @l 1i8phasiiffdrieqh@B frohd wherein at

| east one of the genes introduced into the mcroorganismin a) and b)
conprises a pol ymer p&seudomenss elaoy@ia@smai n and at | east one bi ndi ng domai n,

wherein the at | gast gpgqRLasH SKht HASRIR futh&HRALWRIB colL 'k BPrtefd O 00I cal Iy
involved in the formation of the polymer particles;
15 wherein at least one of the genes introduced into the microorganism in a) and b)
comprises 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; and
) cultivation of the microorganism with induction of the at least one
20 inducible gene stated in a) in a culture medium under conditions which
are suitable for the production of the biodegradable polymer particles by

the microorganism.

2. A process according to claim 1, wherein the at least one further gene which
25 codes for a protein involved in the formation of the polymer particles codes for a

thiolase, a reductase or a polymer synthase.

3. A process according to claim 2, wherein the at least one further gene which
codes for a protein involved in the formation of the polymer particles codes for
30 phaA thiolase, phaB ketoacyl reductase or phaC synthase from Ralstonia
eutropha.



active substance and/or a coupling reagent; and c) cultivation of the

m croorganismw th induction of the at | east one 20 inducible gene stated in
a) in a culture mediumunder conditiodg which are suitable for the
production of the biodegradabl e polyner particles by the m croorganism 2.
A process according to claim1l, wherein the at | east one further gene which
25 codes for a protein involved in the formati on of the polyner particles

codes for a, thiqglase, a reductase or ol yney, synt hase. 3. [ OCess
accordi ng _t6' cl atrRIETCSHARCE lﬁg{t%:gnyaqnch'éﬁqp%ﬁgﬂqg#w “8’@?\%“ WﬁF 0% odes for
a protein invol Vﬁﬁiﬁ&ﬂﬁ&éﬂhﬁﬁkbﬂ’& f@faﬂﬂﬁa.%ﬁdﬂﬁraﬁlﬁﬁhéﬂyﬁﬁlagéﬁes for 30

phaA t hi ol ase, phaB ket dacyl reductase or phaC synthase from Ral stoni a
eutropha. 37 4. introdnosskist theeel.ding to any one of the preceding clains,
wherein at | east one additional gene which codes for a thiolase and/or a
pol ynmer synthase is introduced into the cell. 5 5. A process according to

any onesof khe pneseedssdcddrding®o al’{y‘”kﬂ{eﬂif'ihéiﬁ%eb&ﬁ% claies, whdtdily afleadl oné t h

functional side groups and particularly preferab at ‘| east one hydroxy
fatty aci d and/ ofatinacidwith fanréional sidegrovmsand padishirkypa¢fgrablt atlleast onone ami no

fatty acid is introduc intp the | ture nedi a.substrate for {he
formation of thehﬁ‘grloifﬁg%ypaﬁﬁ?rﬁb‘g aff Yeai%fr)g'm%??ﬁfg]gag@sacgigéﬁ?% aﬁgeaﬁé"% / one of
the preceding cl ainito fawh @eidiiidudausddisiforhé Sulhie nRAHR ad # sith@aybs thee medi um
in such a quantity that it is sufficient to ensure control of the size of

the pol ymer part f@mation pthe polymgrerticdesaccor di ng to any one of the preceding
clainmsysWherein the mcroorganismused is selected fromthe genera
conpriSing Ralstonia, Alcaligenes, Pseudononas and Hal obi forma. 8. A
process accer di neh process ateording whemyeone dflike pieceding glaims whegsdal thesubstareised 20

fromthe group conpprjsing Ralstonia eutropha, Al caljgenes |atus, Escherichia
coli, Pseudonpna$ %P,m%W%WFHQHWQMg%@F@BW%F

control of the size of the polymer particles.

15 7. A process according to any one of the preceding claims, wherein the
microorganism used is selected from the genera comprising Ralstonia,

Alcaligenes, Pseudomonas and Halobiforma.

8. A process according to claim 7, wherein the microorganism used is selected
20 from the group comprising Ralstonia eutropha, Alcaligenes latus, Escherichia
coli, Pseudomonas fragi, Pseudomonas putida, Pseudomonas oleovorans,
Pseudomonas aeruginosa, Pseudomonas fluorescens, and Halobiforma

haloterrestris.

25 9. A process according to any one of the preceding claims, wherein the cultivated
microorganisms are disrupted in per se known manner and the polymer particles

then separated from the cell debris.

10. A process according to claim 9, wherein a lipid layer located on the surface of
30 the polymer particles is separated from the polymer particles obtained according

to the process of claim 9 and replaced by a lipid layer of another composition.



Pseudononas aer ugi nosa, Pseudononasf| uorescens, and Hal obi f orma

hal oterrestris. 25 9. A process according to any one of the preceding

- clainms, wherein the cultivated mnicrod8ganisns are disrupted in per se known
manner and the polymer particles then separated fromthe cell debris. 10. A
process according to claim9, wherein a lipid |ayer |ocated on the surface
of 30 the polyner particles is separated fromthe polyner particles

obtai ned according to the process of claim9 and replaced by a lipid |ayer
of anot her donpoAipreaess a@8rdidg to ahypmeof e meeeding clginmspwhergingrasticlé sizh és
precedi ng cl ai ns rejn.particle size.i.s controlled by the at |east one

i nduci bl e gene iﬁ"?“g{é@ﬁggy H&rﬁgierastt%mémblsgpmsucibaﬂqnﬁ?retgatft% pRMEyve a

di aneter of 10 nERiGlePfofnec@hetes aahnittad ofl i QBRI 13 ©h, flfersBlYy hAiSReryn10and
particularly preferably a dianeter of 10 nmto 100 nm 5 12. A process
according to anynmrh@%é/nmhend)pfetietdmrh}gprdfqabiﬁ,a disreeter of thmwnpol§hem. particle
bi ndi ng domai n conprises part of a protein bound to the surface of the

pol ymer~ particle, wherein the protein is selected fromthe group conprising
a polymer gepol XmRé@SCaccordity Wiy dnRDFkIRS fHecedthgdAhivie whenti Mapelypid a
particle 10 size-controlling protein. 13. A process according to any one of
t he preceding clparfiele bindingdomaingomprisesort afaarotgimbeniung telthessurfaganiche i s

capabl e of bindip bi ol.oqi cal | ' ubst d/aor a i ng
reagent is sel eck eﬁﬂf’rr %?#@%bwsérg%'ptﬁgé}%&?zﬁ %gecg%a&g%%g%t ¥ g‘é% ,coégﬁlsg'ﬁéﬁrres,
abzymes or non- cpdlgmyi depobyradraic)a polidner fegulNos & polyddertsitthhde avd arpartipl©duct i on
of bi odegradabl e pol ynmer particles consisting of pol yhydroxyal kyl
car box3f at es V\hi%!#"é‘?#ﬁﬂ“l%ﬂrpteé'}- provi sion of a solution suited to pol yner
particle formation with at |least 20 one substrate; b) introduction into the
solution of a protein which is suited to controlling the size of the
pol yner parti.cl eA praceds ajcording adamytonerofdie precddagstlainme whareidwhe apicadtena whi ch
's involved in t 1?1ding domain which is capable of binding a biologically active substance

and/or a coupling reagent is selected from the group comprising oligopeptides,

15 enzymes, abzymes or non-catalytic proteins.

14. A process for the in vitro production of biodegradable polymer particles
consisting of polyhydroxyalkyl carboxylates which comprises:

a) provision of a solution suited to polymer particle formation with at least
20 one substrate;
b) introduction into the solution of a protein which is suited to controlling

( the size of the polymer particles; and
c) introduction of at least one further protein which is involved in the
formation of the polymer particles,
25 wherein at least one of the proteins introduced in stage b) and/or ) is selected
such that it comprises 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.

30 15. A process according to claim 14, wherein at least one fatty acid and an acyl CoA

oxidase is added to the solution suited to polymer particle formation in stage a).



formation of the polyner particles, 25 wherein at |east one of the proteins
introduced in stage b) and/or c) is selected such that it conprises a

pol ymer particle binding domain and atgl east one binding domain, wherein
the at | east one binding domain is capable of binding a biologically active
substance and/or a coupling reagent. 30 15. A process according to claim 14,
wherein at | east one fatty acid and an acyl CoA oxidase is added to the
solution suited to polyner particle formation in stage a). 39 16. A process
accordi ng t b6.any Agprecest acdoading td dnyooneld clailneddion 15, whextiagm stdge adtatlemasst one

substrate is added tq the.so ion sujted t ol r particle fornmation in
such a quantity PR&fubsirateds %c[#%'it?:ﬂ'@ﬁf’l‘{“&né t@%’g"eﬂ‘?r&mlfhe &qli’é‘ag‘i’%@ of the
pol ymer  particl ggch Pqubhtity)heY iPREVEIGEGR 8 Shdibe dRtdNYf BESizRbf MeFoind? t0 16,
wherein, in stage b) ,qa IBQI yr#er particle size-controll ilng prngel n ‘Igrg

i ntroduced whi chpasickteri ved fromthe famly of phasin-like proteins. 10 18.

A process according to claim1l7, wherein, in stage b), a polyner particle
size- controlling protein is introduced which is selected fromthe group

conprising 14he R@%bé&s%&@?ﬁiﬁ%k&&&%& AU4iRRN3 1616, &ﬁlﬁeiﬁ!‘ﬁ\ss‘tdgefﬁ)%” _
Pseudononas ol eovorans. 15 19. A process according to any one of clains 14
to 18, wherein t pelyater patisic sizeecontnoHingagrotginots ditrodupedbwhist is derpot from the
particle formati ?n iTse i n. st.age is a polymer synthase. 20. A process
according to cl atdhibbot BASEHREREREINS: | cast one further protein 20 invol ved
in polynmer particle formation used in stage c) is a polyner synthase which
is selected fromthe group conpri Si n&at he pol yner synthase from R

eut rophl, P80l edvprossss acqrdipgte glairadd, whersiay gitagsd. 2 palymer parbele size-
according to cl ah&%ﬁﬁégﬁk&ﬁiﬁﬁgd%g%{hitsgae&?{‘l%ﬁ{th?)é?ﬂf)ac%ﬁmrﬁ’ 25 added

to the solution i'h suc qua s sufticren 0 Fensure Eont r ol
of the size of tHeephasinyfrmn Rahvdrig b@eopha and the phasin from Pseudomonas

oleovorans.

15 19. A process according to any one of claims 14 to 18, wherein the at least one
further protein involved in polymer particle formation used in stage c)is a

polymer synthase.

20. A process according to claim 19, wherein the at least one further protein
20 involved in polymer particle formation used in stage c) is a polymer synthase
which is selected from the group comprising the polymer synthase from R.

, eutropha, P. oleovorans, P. putida and P. aeruginosa.

21. A process according to claim 19 or claim 20, wherein the polymer synthase is
25 added to the solution in such a quantity that it is sufficient to ensure control of

the size of the polymer particles.

22. A process according to any one of claims 14 to 21, wherein, in stage a), at least
one pharmaceutically active substance is added to the solution.
30
23. A process according to any one of claims 14 to 22, wherein, in order to control

the composition of the lipid layer on the surface of the polymer particle, at least



22. A process according to any one of clains 14 to 21, wherein, in stage a),
at |l east one pharmaceutically active substance is added to the solution. 30
23. A process according to any one of 40l ains 14 to 22, wherein, in order to
control the conposition of the lipid |ayer on the surface of the polyner
particle, at |east 40 one anphiphilic nolecule fromthe group of
phosphol i pids and ether lipids is added to the sol ution fron1step a) 24. A
process according to any one of clains 14 to wherein the poly

particle 5 bi ndPiRamphphilicinol gvaaqur@mtbﬁsmyp@f@hwpb@hwdsmﬂeth@rlwésréce of
the pol yner par%&&d%oﬁ!&%xﬁloﬂﬁ&]ﬁs&g%e' nis selected fromthe group which
2

conprising a polyner pol ymerase ol yner regul ator, a polyner synthase
and a particle size-controlling protein. 10 25. A process according to any
one of clainps 14 to 24, wherein the at | east one__ binding domain which is
capabl e of Bfndi Agracess aecouding e yuvaene afelaimpdd 4p 23 W%ﬁ%fpghe polymappartigle

reagentsis sel echillg SRl AHOIANE AR it AhIORERL LARR pol e >

abzynes or non-ca I C protel ns pol'ymer parti
pol yhydr oxyal kyl pagiclepwhtirethe pfoteiafis sedettal frem the ploup wiich dameridimy®r of

anphi phil'ic nol ecul es 0 whi ch intr ducﬁg at Iea one otein
ST oh1's. el et oBOBREHAEPTPGH SRR SR AatiThsr STaBBrS A HRtcIg

pol ymer regul at Oﬁlze-%oﬂt%lliﬁ%g rotft hase and a particle size-i an uenci ng
protein, wherein the at st one protein conprises a polyner particle

bi ndi ng donain 20 and a binding domain which is capable of blndlng a

bi ol ogi gcal active substance and/or oupl.i ent A pol ynme
parti clll§ %g'r di AgPTPESSS PEGORHID: 0%%%0%6’%&@3&“38% rgmd.p elg?tg'(’fescrl bed
in-claim 1 to 2pindédy @ﬁﬂm&%&fﬁ%ﬁ@b@é%ﬁdm@ﬁ'bﬁdlﬁb@ﬁly%%gﬁlfkﬂank@ any one
of clainms 26 or 27 for the production a Ehar maceutical preparation, a

pesticide or a herdiprs eeuplipg reagent igcelosted figm e eranprropmrisigaligonentides,
pharmaceuti cal PLERAA! knleS of Hod-BRhtic proteins.

15 26. A polymer particle of polyhydroxyalkyl carboxylates of defined size, with a
surface layer of amphiphilic molecules, into which {is introduced] at least one
protein which is selected from the group comprising a polymer depolymerase, a
polymer regulator, a polymer synthase and a particle size-influencing protein,
wherein the at least one protein comprises a polymer particle binding domain
20 and a binding domain which is capable of binding a biologically active

substance and/or a coupling reagent.

27. A polymer particle according to claim 26, produced according to a process
described in claims 1 to 25.
25
28.  Use of the polymer particles according to any one of claims 26 or 27 for the

production a pharmaceutical preparation, a pesticide or a herbicide.

29.  Use according to claim 28, wherein the pharmaceutical preparation is suitable

30 for the treatment of diseases of the central nervous system.



30 for the treatnment of diseases of the central nervous system 1 Sequence
listing <110> Rehm PD Dr. Bern H A <120> Process for the production of

bi odegradabl e, functionalised polyner lparticles and use thereof as
pharmaceutical supports <130> P200428 <150> DE 102 40 034.0 <151>

2002- 08-30 <160> 15 <170> Patentln_version 3.2 <210> 1 <211> 29 <212> DNA
<213> Artificial <220> <223> Pri merseq“?’ﬁf)gsgngl aaaggcccca tggtcct cac
cccggaaca Z010><2Rehm, PDERBemiB3. <212> DNA <213> Artificial <220> <223>

Prinmer <4Q97»-2 2RALICEAIFduEEhCAIIHIS B0t FaEtdhOBed fofmdbardiclessad B2 tidrest2 11> 708
as pharmaceutical supports
<i30>  P2004238
<150> DE 102 40 034.0
<151>  2002-08-30

<160> 15
<170>  PatentIn version 3.2
210> 1
211> 29
<212> DNA
<213>  Artificial
<220>
( <223>  Primer
<400> 1
aaaggcccca tggtectcac ccoggaaca 29
<210> 2
<> 33
<212> DNA
<213>  Artificial
<220
<223>  Primer
<40D> 2

aaaggtcgga tectcaggge actaccttea teg 33



<212> DNA <213> Artificial <220> <223> Sequence contai ns phaP-codi ng DNA
fromR eutropha <400> 3 aaaggcccca tgatcctcac cccggaacaa gttgcagcag
cgcaaaaggc caacctcgaa 60 acgctgttcg Ycctgaccac caaggcgttt gaaggcgt og
aaaagctcgt cgagctgaac 120 ctgcaggtcg tcaagacttc gttcgcagaa ggcgttgaca
acgccaagaasggcegct gtcg 180 gccaaggacg cacaggaact gctggccatc caggccgcag
ccgtgcagcc ttgccgaa 240 aagaccctgg cctacacccg ccacctgtat gaaatcgcett
cggaaaccca 3 gc%@@tte 300 accaaggtag ccgaggctca actggccgaa ggctcgaaga
acgt gcaagc2grt gginegag 360 aacet egcca agaacgoccc ggecggtteg gaat cgaecg
tggccat cgt 4420 4daagleggcg atctccgetg ccaacaacgc ctacgagtcg gtgcagaagg
cgaccaagca ageggt cgaa 480 atcgctgaaa ccaacttcca ggctgcggct acggctgcca
ccaaggct gc28¥agcaagcc 540 agegeeaegg cccgtacggc cacggcaaag aagacgacgg
ctgectgataqagtgQﬁ&g&gc&&ﬂmphmg@aggm@&ﬁaﬁﬁggﬁ@gsg gccggt ccgt tggcaaagca

t at cgacgcc g% tttgc 660 ggtgtgtttt gccaacgatg aaggt agt gc cctgaggatc
cggccttt 70897<P10> 4 <211> 34 <2 DNA > Artificial <220> <223>
Primer <4B899%°°%8F55EE5eC gcgewgS?aattaaa%faﬁt‘;@&aaaéaa% cagretedifos> 5%%211> 39

<212> DNA agg?cq:gﬁcér&dci:ﬁefécgé caaggegttt gaaggegteg aaaagetcgt cgagetgaac 120

ctocaggteg teaagactte gttegcagaa ggegitgaca acgccaagaa ggegetgtog 180
goecaaggacg cacaggaact gotggocatc caggecgeag ccoghbgeagec ggttgecgaa 240
aagaccectgq cctacaceeg ccacctgtat gaaatcgett cggaaaccca gagegagtte 300
accaaggtag ccdaggetca actggcegaa ggetcgaaga acgtgeaage geotggtogag 360

aacctegeea agaacgeece ggecggtteg gaatcgaceg tggocategt gaagteggeg 420

atecteegetyg ccaacaacge ctacgagteg ghgecagaagg cgaccaagea ageggtegaa 480

atcgctgaaa ccaactteca ggetgegget acggetgeca ccaaggotge ccageaagec 540

agegecacygy cccgtacgge cacggeaaay aagacgacgyg ctgectgata actgectgeg 600

ttgaagatgg accggctgeg gecggtcegt tggcaaagea tatcgacgee tggegtttge 660

ggtgtgtttt geccaacyatg aaggtagtge cctgaggatc cggeottt 708
<210> 4
211> 34
<212> DNA
<213>  Artificial
( <220>
<223>  Primer
<400> 4
aaagggccat ggctggcaag aagaattccg agaa 34
<210> 5
211> 39
<212> DNA
<213>  Artificial
<220>

<223>  Primer

<400> 5
:aaagggggat ccteagatca gggtaccggt gectgtetg 39



<220> <223> Primer <400> 5 aaagggggat cctcagatca gggtaccggt gcctgtetg 39 3
<210> 6 <211> 793 <212> DNA <213> Artificial <220> <223> Sequence
contai ns phaF-coding DNA from P. ol eodorans <400> 6 aaagggccat ggctggcaag
aagaattccg agaaagaagg cagetcctgg gtcggcggga 60 tcgagaagta ctcccgcaag

atctggctgg _cqoggettgg tatctattcg aagatcgacc 120 aggatggccc gaagctgttc
gactcgctgg<¥g%ag at gg cgagaaggcc gagaaacagg 180 cgaagaagac cgcagaagat
gt t gct gaaa<ydiycc®Agt c gt cgaccact tcgcgtgtgt 240 cgggcgtgaa ggaccgtgceg
ct aggcaagt -ggagcggact cgaagaggco ttcgacaagc 300 gcctgaacag tgccatctcg
cgccttggceg tgccga cqq caacgagat ¢ aaggccctgc 360 accagcaggt ggacagcctg
accaagcagaﬁ? ﬁag@%ﬁﬂi caccggcgcet tcggttaccc 420 cgatttcgtc gcgcactgca
gccaaaccgg<abgcgagcaa ggcggcggcc aagccactgg 480 ccaagacggc agcggccaag
cct gcggcaagaaccgedds Agec Qﬁ&ﬁmgﬁﬁﬁ%8%%99a%4-m ccgcagcggc taaacctgct
gccaagact g eggeggecaa gcctgdgcggcg aaaccggcag o cggccaaacc ggctgtggcg
aagaagcct g <fQ* gédagaa agcaccggcc aagccggcag 660 ccgecaagcc ggcagctcca

gcggccagcg aagedacce s ecEyichay) egeat tRcucIpgeee9y 289cteakasgeipygtasee ggcc¥gca

acccgccttc cacagaca caccg?ta ccct atc%g 7§gt1§ggatccc%c ttt 7%% <210> 7
<211> 54 <¥Fp3ge ctg agy «i:trglgetiggl gggctigg ctatteg aagatcgace
aggacggccee gaagetgtte gactegetgg taaaggatgg cyegaaggec gagaaacagyg 180
cgaagaagac cgcagaagat gttgetgaaa ctgecaagtce gtegaccact tegogtgtgt 240
cgggegtgaa ggacegtgey ctaggeaagt ggagcgaact cgaagaggec ttogacaage 300
( goectgaacag tgecatcteg cgecttggeg tgecgageeyg caacgagatc aaggecotge 380

accageaggt ggacagcctyg accaagcaga tcgagaaact caccggeget teggttacee 420
cgatttegtc gogcactgea gocaaaccgg ctgcgageaa ggeggoggas aagocactgyg 480
ccaagacgge adcggccaag cckgeggcaa aaaccgcggc agocaageceg gcagocaagg 540
cegeagegge taaacctget gocaagactg cggeggccaa gootgoggeyg aaaccggead 600
cggecaaace ggctgtggeg aagaageetg cagtgaagaa agoaccggec aagccggeadg 660
cegecaagee ggeagetoca goggocagog ceogetcecocgge cgctagegea gtteggegec 720
cactgegget coggecagea accogoctic ggcacagaca ggcaccggta ccctgatoty 780
aggatcccee tti 783

<210> 7

<211> 54

L

<212> DNA

<213>  Artificial

<220>

<223>  Primer

<4g0> 7

gggctetaga aataaggaga tatacatatg tgttgtaaga acaataacga gett 54



<220> <223> Primer <400> 7 gggctctaga aataaggaga tatacatatg tgttgtaaga
acaat aacga gctt 54 4 <210> 8 <211> 29 <212> DNA <213> Artificial <220>
<223> Prinmer <400> 8 aaacgcggat cctttdcatc gttcatgca 29 <210> 9 <211> 1722
<212> DNA <213> Artificial <220> <223> Sequence contains the DNA coding

for PhaC | _fjpom P. aerugi nosa <400> 9 gggctctaga aataaggaga tatacatatg
tgtt gt aaga acaat aacga gcttcccaag 60 caagecgcgg aaaacacgct gaacct gaat
ccggt gat cg<géat ctyggg caaggacctg 120 ctcacctccg cgcgecatggt cctgcetccag
gcggt gcgcc<agecgbNgca cagcgccagg 180 cacgtggcgc atttcagcct ggagct gaag
aacgt cct gcélgggc&%ﬂ‘t’ig ggagct acgc 240 ccaggcgatg acgaccgacg cttttccgat
ocggcct gga gccagaat cc actgtacaag 300 cgctacatgc agacctacct ggcctggcge
aaggagctgc<§@égctggat cagccacagc 360 gacctgtcgc cgcaggacat cagtcgtggce
cagtt cgt ca<txgaaceimget gaccgaggcg 420 atgtcgccga ccaacagcct gagcaacccg
gcggcggt ca g. ctfctt cgagaccggc 480 ggcaagagcc tgctggacgg cctcggccac
ctggccaagg gLl gq&mggggggggggﬂg4o at gccgagcc aggtggacat ggacgegitc
gaggt gggca agaactt ggc caccaccgag (o]0
<210>= 9
<211> 1722
<212> DNA
<213>  Artificial
<220>
<223>  Sequence contains the DNA coding for PhaCl from P. aeruginosa
{' <400> 9
gggctctaga aataaggaga tatacatatg tgttgtaaga acaataacga gettcccaayg 60
caageogegy aaaacacget gaacctgaat ccggtgateg geatceogggg caaggaccty 120
ctcacctececg cgogeatggt coctgetccag geggtgegece agecgctgea cagocgecagg 180
cécgtggcgc atttcageet ggagetgaag aacgt cctgb ) tcgéccagtc ggagctacgce 240
ccaggcegatg acgaccgacy cttttocgat ccdggoctgga gecagaatce actgtacamag 300
cgctacatgc agacctacct ggectggege aaggagetge acagetggat cagocacage 360
gacctgtege cgcaggacat cagtegtgge cagttegtca tcaacctget gacegaggcy 420
atgtegeega ccaacagecet gageaacccg goggeggtea agegettctt cgagaccgge 480
ggcaagagee tgctggacgg cctocggecac chggecaagy acctggtgas caacggcggyd 540
‘ atgccgagee aggtggacat ggacgectic gaggtgggea agaacctgge caccaccgag 600
| .
ggcgcegtgg tgttccgeaa cgacgtgety gaactgatcee agtaceggee gatcaccgag 660



ggcgecegtgg
t cggt gcacg
gacct gt cgc
at cgt cagtt
gaggcgct ca
cccgt cggeg
agcggcgaga
aat acccagg
t accagt ceg
aacgacct ga
ttcgacat cc
ttcgt cgaac
acgcecat eg
cacat caccc
ttcatcctct
gcacgcttca
ggcaagcacg
aagacccgca
cccggaacct
<212> DNA
gat t at aaag

<210>
<211>
<212>
<213>

660 5
720
780

tgttccgcaa cgacgtgctg
aacgcccgcet gctggtggtg
cggacaagag cctggcgcgce
ggcgcaaccc gaccaagtcg cagcgcgaat ggggcctgac cacctatatc 840
aggaggccat cgaggtagtc ctgtcgatca ccggcagcaa ggacctcaac 900
telgyodace g cogggat gatwtagggegacergd Jghaggota cticgtgttggcc 7860
agaaggt caa cgccttcaac caact%gtca gcgtgctcga cttcgaactg 1020

PR LSO F99B GRATHA GG EAF ARG AL R TIGRG 98 S RRTFIEHR IRBECHEt cc 74D80
40
Pt B U 00 Y0 ADES A0} Hobaeiad A BERE" T 0000

b4tga6dte8 A gE AR Gyt AAUCHGEEGR o8 CUEEBREE! ¢§RREGHEIAT 9360
t gtt caagag caacccgctg aaccgccgcg gcgccctgga ggtctccgge 1320

aot gzmg certggtagac tichgmt gaet éayegrccgtigutepgogy ctatggaguegac 24880
cctgggagtc gtgctacaag tcggccaggc tgctgggtgg caagtgcgag 1440
REFICHGR RPEEHCAT CIST P SFCatICE 1 Ca A BTG cEirge aa§°a%oo

C a cc 0
LAACCATE EOMRACD e RIS anReA 90 bl ARC, JAARGANICE 1080,
B4136 GG 0ot G0 HcaadnaabRbsdagd et gaReds ¢fORAGELIC Q14680
acgtgcat ga acgatgaaaa ggatccgcgt tt 1722 <210> 10 <211> 36

acp3cctApt fdtpgdagka ckgpisaac) @8Ha@tyaeicggeas0or> gtdcratagac tlaeh
at gatgatga taaaca 36 <210> 11 <211> 36

ttcgacatectoctactggaa caacgacacc acgegechge cegeegoeget

gaact gat cc agt accggcc
ccgccgcaga tcaacaagtt
ttctfcctgc gcaacggegt

gat caccgag
ctacgtcttc
gcagaccttc

gcacggegag 1260

ttegtegaac
acgeceateyg
cacatcaccc
ttcatcetet
geacgettca
ggcaageacy
aagacccgea
ceeggaacet

10
36
DNA

\ 220>

<223>

<100> 10
tatgactagt gattataaag atgatgatga taaaca

<210>
211>
<212
<213>

11
36
DNA

<220>

Primer

tgtteaagag caaccogetg
acctgaagca ggtgacttge
ectgggagte gtgetacaag
ccaacageyy tcacatccag
tgaccaatcc. ggaactgcce
ccgacteogtyg ghbyggttgeac
aggegecage cagectggge

acgtgecatga acgatgaaaa

Artificial

Artificial

aacegoececyg
gacttctact
tegyccagge
agcatcctea
gccgageeca
tggcageaat
aacaagacct

ggatcegegt

<223>
<400>

Primer

11

tatgtttatc atcatcatct ttataatcac tagtea

<210>

12

gcgecctgga
gtgtegeegg
tgetgggtgg
accraccggg
aggocctgget
ggetggecga
atceggecqy

Lt

ggtcteegge
tctgaacgac
caagtgegag
caacccceaag
ggaacaggec
acgcetcocegge

cgaageegeg

1320
1380
1440
1500
1560
1620
1630

1722

36

36



<212> DNA <213> Artificial <220> <223> Primer <400> 11 tatgtttatc
atcatcatct ttataatcac tagtca 36 <210> 12 6 <211> 1716 <212> DNA <213>
Artificial <220> <223> Sequence cont & ns the DNA coding for PhaC | fromP.
aerugi nosa and the DNA coding for a FLAG epitope 7 <400> 12 atgactagtg

at t at aaaga;gat g gat aaacat at ga gt cagaagaa caat aacgag 60 cttcccaagc

aagccgcgga aaacacgctg aacctgaatc cggtgatcgg catccgggge 120 aaggacct gc
t cacct ccgc~giycal 8@tc ctgctccagg cggtgcgeca gecgetgcac 180 agcgccagge
acgt ggcgca<iist cageifitig gagct gaaga acgt cctgct cggeccagtcg 240 gagctacgec
caggcgat gapgaccgacge ttttccgatc cggectggag ccagaatcca 300 ctgtacaage
gctacat gca gacctacctg gcctggcgca aggagct cagot ggat c 360 agccacagcg
acctgtcgcc<§€ﬁgg§ﬁﬁwﬁ“ﬁﬁwE§g %C%ﬁ%ﬁé6?%&@“@éh@%%@@#@mQQQDNAG@UQdGGQa
t gt cgccgac caacagow @idgcaacccgg cggcagtcaa gecgettcttc 480 gagaccggeg
gcaagagcct gctggacgge ctcggecacc tggccaagga cctggt gaac 540 aacggcggga
t gccgagcca ggt ggacatg gacgccttcg aggt gggcaa gaacctggcc 600 accaccgagg
gcgecgtggt gttccgcaac gacgtgctgg aactgatcca gtaccggeccg 660 at caccgagt
cggt gcacga acgcccgetg ctggtggt gc cgeccgcagat caacaagttc 720 tacgtcttcg
acct gt cgcc ggacaagagc ctggcgcgcet tctgecctgeg caacggecgtg 780 cagaccttca
tcgtcagttg gcgcaacccq accaagtcgc agegegaatg gggect gacc 840



acctatatcg
gacct caacc
t acgt ggcca
tt cgaact ga
cgtcgttcct
atgcgcccca
ccgccggegt
cacggcgagt
gt ct ccggea
ct gaacgacc
aagt gcgagt
aaccccaagg
gaacaggccg

900
960
1020
1080
1140

aggcgct caa ggaggccat c gaggt agtcc tgtcgatcac
tcctcggcge ctgctccgge gggat cacca ccgcgaccct
gcggcgagaa gaaggt caac gcct?caccc aactgatccg
atacccaggt cgcgctgttc gccgaegaga agact ctgga
accagtccgg cgtgctggag ggcaaggaca t ggccaaggt

1500

%% .clygaactac taqgtcaaca actacct.
Pt cta gcc egce§tdet g £260

a t atg a ga gtca

ggaac’ a cgacacca cg gc%ﬁ
Eﬁﬁ&gﬁﬁchacﬂk&@g%a%g@acﬁ@&f 885 GntACEMEEACHY caOLGsta0ag 12820
cgcccatcga cctgaagcag gtgacttgcg acttctactg tgtcgecggt 1380
asgdacatwrc teagthgygagicgeptgod ataagtagyggmtagyged ygedaygedeggce 18440
tcatcctctc caacagcggt cacatceaga gcatcctcaa cccaccgggc 1500

BICIFCR I oL ABTIGA t T CRIGE LR FREC R A ETTSR CTIRRERRKt g 21860

%Sg%g &ggaggg%gctt ¢ 408 gagtgéc Eg&%géatgg&g%%%%g c%%a%% gaa 3%@

cgctccggca caa cc agtctggg aca ggccggc
gaagccgcgc eeggRassd gc&gsgﬁat@a&aw@é gacthgddea fg?gse&gaﬁ cagdchgastd 8 366212> DNA
<213> Artificial <220> <223> Prinmer <400> 13 ggactagtat gaccatgatt

acggattcac trggmcddcy

cggcagcaag
ggt cggccac
cgt gct cgac
ggccgccaag

gttcgecctgg
cggcaaccag

<223> Pri ner

& d@redtbd geBddeeatk] agkc@tfoecDMAtcgtza B xadedtpbici al4go <220>

accgaggega tgtcgecgac caacagectg agcaaccegy cggegghtcaa gegettctte 480
gagaccggeg gcaagagcet geotggacgge cteggocace tggecaagga cctggitgaac 540
aacggeggga tgccgageca ggtggacatg gacgcettcyg aggtgggeaa gaacchggece 600

{ accacdegagyg gegocghtgygt gtteocgeaac gacgtgetgg azctgatcca gtaceggeeg 660
atcaccgagt cggtgeacga acgeccgetg ctggtggtge cgecgeagat caacaagtte 720
tacgtettoy acctgtegee ggacaagage ctggegeget tetgectgeg caacggegtg 180
cagaccttca tegtcagtty geogcaacccg accaagtege agegegaatg gggectgace 840
acctatatcg aggcgctcaa ggaggecate gagytagtec tgtcgatcac cg&éggaaag 900
gacctcaace tccteggege ctgeteodge gygatcacea cogegaccet ggtogyccac 960
tacgtggocea gocggegagaa gaaggtcaac gecttcacee aactggtcag cgtgctegac 1020
ttegaactga atacccaggt cgegetgtte gecgacgaga agactctgga ggocgocaag 1080
cgtecgttcocet accagteegy cgtgetggag ggcaaggaca tggccaaggt gttegoetgg 1140
atgegecceca acgacctgat ctggaactac tgggtcaaca actacctygct cggcaaccag 1200
ccgecggegt teogacatoct ctactggaac aacgacacea cgegectgee cgecgegety 1260

K cacggcgagt tcghogaact gttcaagage aacccgetga accgoceegg cgocotggag 1320
gtctecggea cgeceatega cotgaageag gtgacttgeg acttctactg tgtegecagt 1380
ctgaacgacc acatcacccee cigggagteg tgetacaagt cggecagget getgggtgge 1440
_aagtbcgagt tcatccteto caacageggt cacatccaga geoatccetcaa cccaccggge 1500
aaccecaagy cacgcttecat gaccaatccg gaactgeoecog cegageceaa ggectggetg 1560
gaacaggecg geaagcacge cgactegtgg tggtigeact ggcageaaty getggccgaa 1620
cgeteeggea agaccogeaa ggegecegee ageotgggea acaagaccta tecggecgge 1680
gaagccgege ccggaaccta cgtgcatgaa cgatga 1718

210> 13
<211> 34



<400> 14 ccactagttt tttgacacca gaacaactgg taatggtagc g 41 <210> 15 <211>
3088 <212> DNA <213> Artificial <220> <223> Sequence contains the lacZ
gene fromE. coli <400> 15 ggact agt at® gaccatgatt acggattcac tggccgtcgt

tttacaacgt cgtgactggg 60 aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca

tcceccctttce ag gc 120
gttgcgcagc<%@gaa égCg 180
ggaaagct gg <e¢Bggadrificgl 240
gcagat gcac <g@t-t acgat g 300
tccgcegttt tccgacgg 360
t gaaagct gg acagag q 420

tcatctgtgg tgesaagggc 480

gt aat agcga
aat ggcgcett
atcttcctga
cgcccatcta
agaat ccgac
gccagacgcg
gct gggt cgg

agaggcccgce
tgcctggttt
ggccgat act
caccaacgtg
gggttgttac
aattattttt
ttacggccag

attt gacct g aeaapat tdactbtdatt acfRagERGOFagaaaaccygc

accgat cgcc
ccggcaccag
gtcgtcgtcc
acct at ccca
t cgct cacat
gat ggcgtta
gacagt cgtt
ct cgcggt ga

cttcccaaca
aagcggt gcc
cctcaaactg
ttacggtcaa
ttaatgttga
act cggcgtt
tgccgtctga
t ggt gcigcgyg

ctggagt gac ggcagttatc 600 tggaagatca ggatatgtgg cggattagcg gecattttccg
t gacgt ct cg<tlogct geat a 660 aaccgactac acaaatcagc gatttccatg ttgccactcg
ctttaatgat gatttgagec 720 gegetgtact ggaggetgaa gttcagatgt geggegagtt
gcgt gactac ctacggtcaa 780 cagtttcttt atggcagggt gaaacgcagg tcgccagegg
caccgcgcct‘??éggggétg 840 9 aaattatcga tgagcgtggt ggttatgccg atcgcgtcac

act acgt ct g<am@egt agaiaial 900 acccgaaact gt ggagcgcc gaaatcccga atctctatcg

tgcggtggtt gaactgcaca 960 ccgccggegg cacgectgatt gaagcagaag cctgcgat gt
cggtttccgc gaggtgcgga 1020 ttgaaaatgg tctgctgectg ctgaacggca agccgttgcet
gattcgaggc<%ﬁ?aa ggt'c 1080 aegagcatca tcctctgcat ggtcaggtca tggatgagca

gacgatggtg gageatigtcc 1140 tgctgatgaa gcagaacaac tttaacgccg tgcgetgttce

gcattatccyg aedreadtd€ O tdZld@ea gaccaactgg taatggtage g 41
{
<210> 15
<211> 3088
<212> DNA
<213>  Artificial
<220>
<223>  Sequence contains the lacZ gene from E. coli
<400> 15
ggactagtat gaccatgatt acggattcac tggcegtcogt tttacaacgt catgactggy 60
aaaaccctgg cgttacccaa cttaategee tigeagcaca tecccettte gecagetgge 120
gtaatagcega agaggccege accgatcgec cttcccaaca gttgegeage ctgaatggey 180
aatggegett tgcoctguttt ccggoaccag aageggtgee ggaaagetygg ctggagtgeg 2440
{ atcttectga ggoegatact gtegtegtec ccteaaactg geagatgeac ggttacgatg 300
‘cgcecateta caccaacgtg acctatecca ttacggtcaa tcogecgtti gttoccacgg 360
dgaatcegac gggttgttac tcgetcacat ttaatgttga tgaasagetgg ctacaggaag 420
gcoagacgeg aattatttit gatggegtia acteggegtt tcatetgtgg tgcaacggge 480
getgggtegg ttacggecag gacagtegtt tgcegtetga atttgacctg agegeatttt 540
tacgcgeccgg agaaaaccge ctegeggtga tggtgetgeg ctggagtgac ggcagttate €0C
tggaagatca ggatatgtgg cygatgageg geattttocg tgacgtoteg ttgetgeata 660
aacecgactac acaaatcage gatttccatg ttgccacteg ctttaatgat gatttecagee 720
gecactgtact ggaggetgaa gttcagatgt geggegagtt gegtgactac ctacgggtaa 780
cagtttetit atggeaggot gaaacgeagg tcogecagegg cacegegect thcggeggtyg B4Q



t gt ggt acac
cccacggcat
gcgaacgcgt
cgct ggggaa
ctgtcqgatcc
atattatttg
aat ggt ccat
aat acgccca
gt cagt at cc
aat at gat ga
acgat cgcca
t gacggaagc

aagt gaccag c

cgct ggat gg
aacagt t gat
cagt acgcgt
ggcagcagtg
t cccgceat ct
aatttaaccg
t gacgccgct
aagcgacccg
aggccgaagc
cgaccgct ca
ggat t gat gg
cgcat ccggc
ggct cggat t
gct gggat ct
t gcgct gcgg
t caacat cag

gctgtgcgac cgctacggcc tgtatgtggt ggat gaagcc aatattgaaa 1260
ggt gccaat g aatcgtctga ccgatgatcc gcgctggcta ccggcgatga 1320
aacgcgaat g gtgcagcgcg at cgaatca cccgagtgtg atcatctggt 1380
t gaat caggc cacggcgcta at cacgacgc gctgtatcgc tggatcaaat 1440

L t t 00
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aaattatroga
cCcCcga g‘* a

GecRa AR08k ohdde6 Y GaBle L LHDR0ALRL: YOGS Y BhOGELLOCT 95620
cgcgat gggt aacagtcttg gcggtttcgc taaatactgg caggcgtttc 1680
cegricoéeyage cggag it tdnegragedq gglarcty oy gtaggiiccay seggwger t al02740
aaacggcaac ccgtggtcgg cttacggcgg tgattttggc gatacgccga 1800
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ADREACETE TPRRRD LRI GRS N ARRRREE (01050
t IRYEESR! §-QEARYE FBLEhIOE FGEcEEtta0RlaBENGEY GeatasgIt 2128040
t gaact gcct gaactaccgc agccggagag cgccgggcaa ctctggctca 2100
sgtaptecccgrltaboyey auctrayaty ghiedgeoshgmegirgeac aataageacct128460
gcgt ct ggcg gaaaacctca gtgtgacgct ccccgeccgeg tcccacgeca 2220
§&cacqe g%gt??%?éf‘?géffgWFQ?an g%tctgcchgbqggai "&&@‘%9@?‘!?9(:132938
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agcgttgttg cagtgcacgg cagatacact tgctgatgcg gtgctgatta 2520
cyeiyuggralt catwag gigee dabr ebi@mt¢cdgadacagiregy aEagaectacclizs80
tagtggtcaa atggcgatta ccgttgatgt tgaagtggcg agcgat acac 2640
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ccgct acagt caacagcaac tgat ggaaac cggcgatcgc catctgctgc 2940
gtecagtatee cegtttacag ggeggctteg totgggactyg ggtggateag tqggtggttﬁ_M71740

aatatygatga aaacggcaac cogtgotegg cttacggegg tgatttitgge gatacgecga 1800
acgategoca gttctgtatg aacggtctgg tctitgecga cegeacgecyg catccagege 1860
tgacggaagc aaaacaccag cageagtttt tccagttccg tttatcecggg caaaccatey 1920
aagtgaceag cgaataccty ttecgteata gegataacga getectgeac tggatggtgg 1980
cgetggatgg taagecgetyg gcoaageggtg aagtgectet ggatgteoget ccacaaggta 2040
aacagttgat tgaactgcecct gaactaccgc ageccggagag cgecgggeaa ctctggetca 2100
cagtacgegt agtgcaaccg aacgegacceg catggtcaga agecgggeac atcagogeet 2160
ggcagcagtg geogtotggeg gaaaacctca gtgtgacget ccecgecgeg toeccacgoca 2220
tcecegoatet gaccaccage gaaatggatt tttgeatega getgggtaat aagegttgge 2280
aatttaaccyg ccagtcaggc tttcttteac agatgtggat tggegataaa aaacaactge 2340
tgacgeeget gegegatcag ttcaccogtg caccgetgga taacgacatt ggogtaagtg 2400
aagcgacceg cattgaccct aacgectggg tcgaacgetg gaaggeggey ggeecattace 2460
aggccgaage agegtigttyg cagtgeacgg cagatacact tgetgatgcg gtgetgatta 2520
cgaccgetca cgegtggeag catcagggga aaaccttatt tatcagocgg aaaacctace 2580
ggattgatgg tagtggtcaa atggegatta ccgttgatgt tgaagtggcg agegatacac 2640
cgcatecgge geggattgge ctgaactgee agetggegea ggtagcagag cgggtaaact 2700
ggcteggatt agggccgesa gaaaactatc ccgaccgect tactgecgeoe tgttitgace 2760

10



acgcggaaga aggcacatgg ctgaatatcg acggtttcca tatggggatt ggtggcgacg 3000
aectcctggag cccgtcagta tcggcggaat tccagctgag cgccggtcgec taccattacc 3060
agttggtctg gtgtcaaaaa actagtgg 3088 10

gctgggatet gecattgtca gacatgtata cccegtacgt cttecegage gazaacggte 2820
t;:gcgc:tgcgg gacgegegaa ttgaattatyg gooecacaccea géggcgcggc gacttceagt 2880
tcaacatcag ccgotacagt caacagcaac tgatggaaac cagoccatcoge catctgotge 2940
acgoggaaga aggeacatgg ctgaatateg acggtttcca tatggggatt ggtggegacg 3000
xctectggag ccoegteagta toggeggaat tecagetgag cgecggtege taccattace 3060

agttggtcetg gtgtcaaaaa actagtgg 3088



