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| WD 2004/ 020623 1 PCT/ DE2003/ 002799 Process for the
uBW&H‘}P%’&aOf bi odegradabl e, {functionalisedppp)pidBas0o02799
parti cles and use thereof as pharmaceutical supports

The present invention relates to a process for the
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negati ve effects there. The latter particularly applies

when conbatting cancerous conditions and in particul ar

BBRGK" ous conditions occurring in the central nervous
m (CNS). 15 One good exanple of the difficulties
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Intended to’illustrate the difficulties which may occur
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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
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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RVMP-7. One fundanental disadvantage of opening the BBB

woY200i¢08de25he above- stat ed WQ 2004/ 020623 2per/pE2003/002799
PCT/ DE2003/ 002799 nechani sns 1s that perneability to

al |l substances, which thus al so |ncludes toxic

SRR Rl B Ry SR Shhied MBI T Dovic

I'S cons€equen I nNCrease er POSSI

stibstarieed witich lean dambpecthe lﬂiﬁgﬁdﬂeﬂzﬂin thla @N S; & donséqueatle incaeased.
manner that 5 it becones nore |ipophilic and may thus
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1996 Vol . 189(3), pp. 503-505) dermnstratesthat t he
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vesi cl es to which the phar maceuti cal substances are
dafqlmdevw@ueaéadﬁ@verrtmwaﬂonhese subst ances into
the CNS. 20 Another critical factor in the transport of
nano- and mcroparticles through a nenbrane, and in
Aeoiding HodDE 182 46850 A 961yﬂfer pireicBBPBreparedtfiven thezmost fvatiéxk
pol ynmer particles Previ 0
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armac 2002 ol .
siibstajces are amacheﬂuarelunq:ﬂ)iottmnspdrbﬂleﬁdmlbﬁahmtopbﬂ CNSL es
used to be of a specific size. According to Lockmann

(Lockman P.R et aI Drug Devel op. | ndust. Pharnmacy
fital f&%ﬁ}l ?/nspa %@hanot fd flig@paticked %r@@élyérﬁfembrane

partlc es prod uce he above processes is generally
aB0 indparticulanthd mua}ntprhmwf tieoBBB| istthosize pltbe polyowp partithiss

t.hod, whi.ch Br o ures
IO eyeih 5341 P B OV ooe PAGIS BB SS Ty i e capable
of getting through the BBB (Lockman, P.R. et al., Drug Develop. Indust. Pharmacy
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
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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dependency of |ight variation being used to determ ne

wBo$ddagbLoepzze. However, this JAD 2004/ 020623 p@p /pE2003/002799
PCT/ DE2003/ 002799 anal yt| cal method for the subsequent

determ nation of the size of the polynmer particles
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De di h h )
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process for the production of biodegrada e
foraned; byl acratyrglly pequrring ofganisig byt arg insfegd aeqduea axttlﬁérally Most
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gene foa mc

nafued, ehebiblogicatn ectmctfabstﬁmes mz@ralﬁoejer‘suwﬁble Iﬂo:dﬁﬂdlmg lfrtliche
size of the polyner particles, and culturing the
binlegieallyaetive sWbaamees: nduct i on of the above- stated, at

| east one inducible gene in a culture nedi um under

condi tions which are suitable for the production of

A procéss dotethe pevatucttonpof hivasgratablel pilasertpartidies i provided in order to
m.croorganism By peans.of this p [ocess it 1s possible

aglijeys Ba abevasstaied opicet s, Pf"‘iﬁ%ﬂ’é@ vad Histodueine %lsﬁst one inducible
fn h&h ﬁﬁ WBEgattish, @vhéf‘éli né dek & d(ﬁ\rlbﬁﬁ}efeiﬂ ich controls the size

oglca Iy act | ve ces an erein, by
odf dretpo@menmrmdia and allnfrmghhse m«drwrganipxarwi'ttcindacﬁcmmfehh above-

3OS BBk o R P B RN i ARl i ae
sﬁﬁéarérﬁfr M&uﬁém drfth@b@@@%a&abre poliRer paecidd © theOf

pol ymer particles of the O desired size is increased,
ngicroorganisas iBygmedns of this prosessyit df pqsmélqctp@@chse bingompatible,

BAEIE B S sl i SEESe B hihEBtBaraty v
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
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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according to the invention which neet the above-stated
wBaidoia?_bﬁefzbze requi renment fory transport thpey@R26d¥002799
BBB. Thanks to this process it is above all possible to
produce WD 2004/ 020623 4 PCT/ DE2003/ 002799 pol yner
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the invention, which gene codes” for a &(otel n which
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of pol yhydroxyal kyl carboxylates, in particular 20

pol yhydr oxy al kanoates, and is enclosed by a shell
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Bh BRSSP 0 LBy B P S
ﬂgﬁ&,vagjégoq‘g%ge%mweneti c nekeup, are unable to form
t he abov

e-stated polyner particles, at |east one
further gene which codes for a protein

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
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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30 involved in the formation of the polyner particles
w'bszd'dle\g ged as well as the @t |east one pEglipgbédsr002799
IC

gene codes for a protein which controls the size
of the polymer particles. Any protein capabl e of
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se a. e to the

synt rom Ral stonia eutropha. D s .
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bled to 1 d Ot el whi I it to for.
R Ry A AL drdip o a e e dubRihirs copp i o the
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involved in the formation of the polynmer particles

tawands derction of pregpsilysner nagtidlesimaichave ditfereniswbatgie mpecificities,

0 ition of the ol rijicl '
45 st Fion pifevel o HEk LRBichiti e meBe itk ey ffGfer o
dxeft AR idfliRnb/ i sulistrates ah moldyilds avel eid ih eheformation
substrate specificities, 15 formdifferent reaction
qitlxipalymenpartitlesk branches in the metabolic pathway in
order to exert a purposeful influence on the
substrates and nol ecul es involved in the formation of
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t he pol yner particles in njcroorg}ggi SH,B such ag. I&S. d

mutapis o4 thesgeans Eneolidaserbed in Eypmplet cwhigh hayea mo Hitﬂ atfy aci
o AR ) . :
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t he pol ymer particles, is, th ol yner nt hase. .. .
Pensadingiog whichATEaRsBY i§ 55 Forthel gerey ,m%Y%‘HEPg‘&SH dgo the cell in

' b bii t lc6nditions. If a cell
G B RLER oL ALPof N pohlr s Gk, AR o,
does dbt ¢comtein all theagemes tequizéd fbo dernration of thegiolyra¢ partigles,

genes, requireq for formation of .the pol arti

DPARRD G PerOHE RAGRL=p AF CropEs MaseaL uemiedes
PoaeRaAbyithe MiQirgProfeiRErédudplied to the cell via the nutrient medium. At
least one polymer synthase is, however, always required for formation of the polymer
particles.

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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produced by the m ssing proteins are supplied to the
woeldoaybgodzBe nutrient nmediumg At | east oneP@p)Dﬁgg(;yo 2799
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the polynmer particles. 30 The properties of the
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PﬁﬂCIP‘%é!?edeﬁdP-@ frem tha centel mstabelites hetyl GoA or Bpmiatermediatss of
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fatgr dcibbiobyrohesis end f6in ddhindBéid RtAHOESMAREhYY adi@fareluséd M the
internediates of the primary netabolic pathways the
crbpn geurce yeternediates (acylCop .on paitigalar drhydrexyaey! » which serve
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source, internediates (acyl CoA, in particular
3- hydr.oxyacyl CoA),. which serve 15 as activated
Payticle fizsos sontgpliediin that Sieat deqstene indyeable geppwhighggdesAfer ¢
g S . Par bl . . h that
PRt shiGH Aol siZBE 1 By Balt P UE R Horh e ity of
phasiri-bke proitdindarciois preférablytselesied rom thiepeoypotoniprising the phasin
articles is der,ivedfromthefa,nil}/l?o '

h -Lik
oteF S g i aony Sprediaishs Pl FRe yesdprione
RO Pheind e P RODARAR PRRR o QMRS 14 t0 28 kDa

eutropha and the asi n gene phaF trom Pseudononas
wihiichchind tightly ®rthe hydrophiabiasyface bf the pofymmtreparticlesi t h a

nol ecul ar weight of 14 to 28 kDa which bind tightly to

t he hydrophobi c surface of the polyner particles.
PERAMEIBArtRRS WhifH £8ifvkdnb comphsitiG dMhe FOTRRE fohhgQherh Rfhibit
polymers formi ng themexhibit 25 different nmechani cal
dyffengrs meichaniea] gropsirtisssnd ¢ledse diadogitallyaastive substanses: irc particular

phz{}nﬁ@ét}ticgﬂlw%rve 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
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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pharmaceutical active ingredients, at different rates.
wo400#840428, polymer particles conposed of p&fraddh/o02799
3-hydroxy fatty acids exhibit a higher rate of pol yner
degradation due to the low crystallinity of the

I AN in ot I ti f e .
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ab@le/ifiBrediRakbone usual Iy reduces 30 crystallinity and

results in nore pronounced el astomeric properties. By
controlling polymer conposition in accordance with the

ARIESF G A S AL BY RO ey o e
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sidetgraupist skibuld betakbe tdmear taturetedod uosanasted fahbaridsaTbedemlso

.the formation of. the, pol r..particles. wt t, lea
inglutaghy 85395 Farteipingchictiatal it BoupSaBih sffbsclisiL st the group
¥in8 theéfh , Akyl \ “gré\PsIhend! :Islifhydryl

c%g‘%?ixlggl ar ij/lrkgélgj;ser a%l%a%% gﬁﬁ?%j?rgg%{?csglgl ?F%ﬂté{'lgé:eslci J;dry

gréupls, primaryi sacahdary aokd tegticoy patinsgroupsd alehydegraups keteggmoups,
aturated gr upsaturated fatt cids. These also,. _ . .

ot ety LERuE St bt FRRRCRr srobPS Sofhipioapid amide

2hhigs hehietfll R6bRUadet grddiss, fHoSpHatel B oREuE igfdups ahi® phosphate
groups, al kyl™ groups, hydroxyl ‘groups, phenyl groups,

deestefrigydupgl  groups, primary, secondary and tertiary

am no groups, al dehyde groups, keto groups, ether

groups, carboxyl groups, O -ester groups, thioester

e fite substratexik|deterifiied bzﬂhtﬁdtsiredl ootpositicaraiché desired
groups, acetal groups, phosphate nonoester groups. an

d
popssisaafdhe polymerpartelesyehich are irflueseed brth geppsically by thequse of

t erm ned th [ i 1] . '
RoERRREC wien e K s SAAEREC R, LRIARS by he
addftives RabArabatand gerebn catdiorB)présent ingke aflturelmetmmewhich are

genes which code for proteins with different substrate
1!§B‘<1zcifi city and by the additives, substrates and
reaction conditions present in the culture nedi um which
are 20 used. In order to achieve still nore accurate
[a@fder od acievestillshare aoéurhteeopivdl\ofithe Hza of the pelynfeo pantidles
the substrate s added to the culture nmedium i .
oo F1S subsee £ty o ths CulsyE miediuhen & GUaiiey, s Bt i

sg@fépfl%lﬁ 1 lglfs%rééorm? oP e ¥HR 'of BRY follfth&SpartidlésS ThisS)iélas Aadditional

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
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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25 possibility for exerting still nore effective
wBO0SHoaPb2g¥e8r particle size. The m croorgani sk be86o3/002799
formthe polyner particles in the process according to
the invention is selected fromthe genera conprising

| st oni Acal j.gen . Pse bj .
o P Blse SRl E0 R W AR R o At 2Bt g e
gBriedi¢imaup QifP hosdapablRal 8¢ doihg Hi¢tgeaph@quiiddnl dngbleealie latter-
| atus, Escherichia coli, Pseudononas fragi

stated, misraasEaNI S Yogaodyss dhrpnlpmasrastides ge é%géd%%uﬂwﬁx?ﬁocess
' y eud ; '
agcg{rgﬁgg ROFR 1nvégn§13l#h ngg,%%ﬁ&ﬁfasle ngig?%df@é:ﬂﬁh LR used for

rrestris. npri ses
thnd prodwotigaif potynvdnipattickes dymatans af thg abeypaddseribéd prooebscdvey if

bi oconpati.bl e, bi odegradabl g WO 2004/ Q20623 .
e TIPSO GBS PRSI SHERISRes SRS M U PRl perticls
dareda aﬁfe‘i‘éﬁ& nffAIBER. Fr sush bhses Wi AlbesABEs _b@tr&t@&} %]Jrg added to the

genetic nakeup, are not capable of so ‘doing. genes
cnltereimesiiurn anéd aweithen cdnyetted inge polymar paitielies by dreguniesssvhieh

th I ti.cl i nt r.od i th
gy e xSt o e 2ot oviicH Boe e ITopReH TR BEFEE oy
cul turabl e m croorgani sm nmay be used for 5 the

production of polynmer particles by neans of the .
Inbusiee tayebiainithepolpmet pasticlee frem the celisythepuitpsd ppisraosganisms are

PP R AR L B Rl rom e
c8ll QBbriA ThE sizk Reh g8 &F el Y& pasticled eigaia¢dinatiatarner mhe be
culture nedium and are then converted into

ngerpwre el fusther paing igedard efipnds such aﬁx@_rsé@ﬁpé%:ﬁg@;’ed by
cm?nggésa}moc&gsi%t%ggﬁ%n%ga%cFodsereet the dfnfit farticld of the

n or der’ t’o ain pafticles
desikddssizet he cul tured microorganisns are disrupted in
per se known manner and the polynmer particles are then
separated fromthe «cell debris. The size range of the

S M Al s o
abcordimgaoiednesttionshaylibbemodified oy ewlohto iopadda she particles

R AT
R bolY "o Bis ok ﬁbﬂﬁla?é“rgoéaitﬂ SStheSurfte JTMe/patymer particles is

particles produced "according to the invention may also
sbparated ififoimetheipolyomat garticlesiobprmad indhea precesame¢ardiag t@the invention

rroperties, which are re.favourable to the transport
o1 W relasd by & HprpRut o ARt osfiohnr ' body To thi s
end, a lipid layer |located on the surface of the

polymer particles is separated fromthe pol ymer _
When feplasingahe lipiddaydrbytaHig lyerefa differsnticorgpsifiqn, ghe properties

oile\l/eel?etv'i/ ﬁ{)]id 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),
pp. 1017-1022). 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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and is replaced by a lipid layer of a different
"P g??id&ﬁ 25 When repl aci e the lipid | ay@lrmayo@/ooz-;gg
i pi ayer of a different conposition, the properties
of the new lipid layer which are of significance are

e havin |nflu nce st
R GRro Pt pahele® i rARGR St & Rpig AR Ve Rl actied Sipoasiion.
'ﬂhb RbW lipity l%zm(ﬁere ple€eratl@ |cbns’f§§fbf ﬁﬁﬂxtﬁ&tdfhﬁ@hiﬂlﬂhd impledules

| ayer of e target menbrane, better parti upt.ake
wmgh a5e selpeted from the EFOVRICEMPEISINg(p aﬁphohnlds Pﬂ‘gﬂiﬁbbplds EXp.
Ther. 1999, Vol. 291(3), 30 pp. 1017-1022). The lipid
| ayer of the polymer particles may accordingly be
I additietito me dipb:h it &pdlscpassibie ta ré:'npifedthle mmems;iocated on the surface
di fferent ositiop. This is,pref erabl h|eve

o&&@tmla@n@r §5: Jrthdhe BrREERRRPY & Spthay é‘ﬁﬁ\g ¢ apve-
J
S S0 eV S

paiticlas a.hdyym\tﬁs DO ORORRpared ﬁ@mmmsmmﬁmmnomlwmcwhmh

d b f
ope R s bei. Pobher Pty Bpmte . ©
nﬁEﬁfoﬁ‘éﬁM!ﬁ%k&ﬁe%tr%far@pmﬁiﬁlﬂﬂ? ssifabBobdiype Q)fmodlﬁcatlon

nol ecul es which are selected fromthe group conprising
phosphol i pids and ether lipids. 5 In addition to the

B o e EPRBENC AR 2 NG Mo
coliol @em%pmb afleadt oRe lindilRibléydie il sech Eh)iam ﬂgu tieepodansteparticles

stated detergents and to_replace them w
formest haya aldiaraetenefokOim &0 3 nak &5 E‘@Wrﬂfrl nn@a? PR angyy

t ¢ 0
reichgf Rty R LR ERF 160 0irE I Qe RRor B i o he present
iRedntioh, thidl sysedonira) mbg hies be bﬁlﬂwedd:yfcmotmlhhg tHDavailability of a
m croorganismH. haloterrestris are particularly
sybsteaimindhe eplturamediyp er By C%'ammgéé? M meeRANSRE ng on
t he subsequent application of the polynmer particles,
particle size is <controlled by the at | east one

Hordhecpurpesey of! ﬁlﬂcnomhsimgahmpmimer peh'acles; pmdpcﬂdwsiatg the process
particles forned have a di ajr

aﬁF‘é‘fiE}g&B Iﬂ}e ippentign,{tagnesees ai geaﬁtaqn(e leg]lllcgl?lp §gﬁe introduced
il Iﬁé o@%@&k leﬂé c}ﬁieg BrlaGrdfeth \Qﬁibh konirs1§tHR ATl ST ithePpolymer particles

nent o e present invention, this size control
tmtym@hseaa pelyeneh paielt tipding demainiand gt lenss one Hindang domaingf

S E T R S R R

anB Al GhFRnd feR e a6l isUikeMiketfaftiulR a5 eferré for the at least
accor ing to the invention, it is necessary for the at

orecfutthargene miich dodes fys aerotainrinvrleediinithe farmatipr efthe polymer

h d f
b G bR B PR A S B
&idlh NOhSBh a8kt ahe bifaing dofiRiisrapable 6biading a biologically

active substance and/or a coupling reagent.

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 celi 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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wherein the at | east one binding domain is capabl e of

wbi subapgacs2Bi ol ogi cal Iy activey substance angépiedgo3/002799
coupling reagent. It is likewmse particularly preferred
for the at | east 25 one further gene which codes for a

LN I -] f [ of, t he pol vner.
sl 3 b B LSRG HorR e Bl RS o v
oligebeptiddsoamtynms catizymeds agl nalocaalitic plotdisd. Thid@oad partiaslarly

%Ee &gndl ng domain i s capabl e of bi nding a biologically
PEETRRNY COmPEPEtleAShBIBPeSLT @blepTtiong cy Beige nthesggronps are also
defed ntRIA ProtieindReLRriitftal BAibn e dBiY Bt for the
niegebets stated imdiiscgrbipisgeseeted irethie cuding séquenoslofthd ai lehst ohbe
.cell and/or .of .th t | east. one further gene whic
I P o G0 e FeTk e gr i At Gspshgne uffber gene
i i . _
W EREs RO ROndIOR! B GRS e TP RN aflcles. In this
NRAKFIOERGHEY 06 Praticed wbichraresotantl involved inbk ifompnatioa g ot the

i el.ected fromthe group c risi oligo tj.de .
o) B % GBSt Rt il e B2 Hipd g oympin
obiriell by ganétic mpdificaicih hie ARGaphtsie of FindagaRblbeRaRy Sftivat

| east one cysteine. These groups are also desi %ne}t ed
syhstraeesoandfonsouplingreagents: Hbe bindng dnmaimmay aboi berobtainesl afier

: . i I
PR QLG SEUBO Rl inc0010 BRGNS uOUPY B i BiEon e
surfeite e¥ithl @ughng rqapgents 6 Examplersgduced into the cell

and/ or of the at |east one further gene which codes
for a protein involved in the formati on of the polynmer

' . -pr a
ADREAEISapd, 4 pIBOIR AL L0S, AU CEOAED kA
suitabler fol binklirtghte ifself abiclogically dckiee paisyaties opfutthect@pling tdagents

t hankg to, their binding dopain 1Q, obtai ned by genetic
O 98Y ?‘ﬁ%é’?‘? gﬁﬁ"%ﬂ"ég ?@B‘H@Qﬁg‘gpt@eﬁ‘d%i ndi ng bi ol ogically
active substances and/or coupling reagents. The

bi ndi ng domain nay al so be obtained after production
Tois stroetupoingkas it passiblectogsoduce ohdtifunctidnal polgimey partjcleb evhich are

S8l B e ARGt T 48l b AR
JOMAIRO g&férﬁb@rbohﬂ% QR Phr€ oP4 pRACA WhichCQRBRY Rdo WHIGD the
suitable fof binding to itself a biologically active

hydrophabic surface pfitheipolyneenpattioles. Thepelpmer particlerdensiniwhizhd

t he . bi ndi.ng_domai t he ot i de. Thi I UGt
chyiiies Bt g8 SRIFD by bR Shecurien €4 hE ReW SR RSl ip HE selected
i thé gtRH ofprstBing Micﬁ&nﬁiﬂséﬁbb&#ﬁgf dégomaerasd, apelymer

bi ol ogical |y active substances. "polynmer particle
rngpolysien pynthase and p partiglesizesdeiermining pagteino These proteins

PG drffhefs AR i BB o/ Tkt B RPE R e,

palcioRs,in phitihilar 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

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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conprises part of a protein bound on the surface of the

w8 ovaRs2grasticle is here selggted from thepgi/@EPodd/002799
protel ns which conprises a pol yner depol ynerase, a

poI ymer 25 regul ator, a polynmer synthase and a particle

d Th
Rl REREIepy i %t@#@vﬁ'&m ERER AR EhiAtion BY Rlrdbgokne
ph@iclB sueFafe OHERIxamphy dfi saties reguthtrds tHeqbasin r&;iresser (phfaRY) from R
the genera Ral stoni a, Al caligenes and Pseudonobnas.

epfamhae whialy bindscterthe Biopatey of ahiasin-ike eaps, éhw@r@fs@mpyo uct of

e

{5l B8 o POt Bpici B EE, o BroRe B geng oy being
réadl Bece&@e ﬂreq:‘hamﬁ hépressoei boﬂnd pmtlgermrfaa:ee@mhapmlwfnef particlee
purposes of the invention is rotei.n, whi at es
formed, thissitean the PEMQFT ig feleased and BHEA“P%‘B‘C fyn g gene
cb@?%%ed in the formation of the WD 2004/ 020623 11

2003/ 002799 pol yner particles. It is wthdrawn
fromtranscri ption regul ation by binding to the

|cIe sur exanpl e .of suc tor

e idennrirhehebngtorinegs rolgmersyatisll F§ B e fine
r@dgeﬂé ah@of Bﬁal@@d}@ta%ﬁv@éubataﬁb@.%h@ed frdeR tBeElevatéd@ability of the
expression product of which regulates the size of

lqgnd betmeep thetpatymer fagticle bmdmgcﬂomaew ehthés prateigendthe cope of the
' B
BRSS! MEp DY SREF IR o B

RIACKREFOHADEGRE of the'thdbdpsridble rpdl;xmarpaarulmﬂmn bpﬁemmmg
underlying gene can begin. The idea of usin

reagenisnaych @bt exempls. pesiiymsiodesyh sl fate (S123), Wﬁtﬁ‘h"@ldlm
h&&lgo%kﬂorﬁe %pdftﬁigﬁﬁ‘aﬁ(ﬁ rﬂﬂ Qfsm? agidg’(gédﬁ@ktl s, T og¥m?1i1sgnthase

ances arises rromt evated sta

detinel frein\ie @arropka, 0 bjearoraps R ipatida bi Hchamggzdmmisrpreiferably used

this protein and the core of the polynmer particle. The
WPO®as surprisingly discovered that this bond

cannot be detached fromthe core of the biodegradable

pol yner particle either by denaturing reagents, such

Ieis Herw a pacticglheadvantgeiof the gemryss aobilatgto(BDBVentionethat the

uani di um 15 hydrochl or| eor di hlothr toI b
ERUS R FIgeaTIES BT erign oF hepebt Fp %wéfﬂgsfy shace QL & polymer
JakRiRsRioeS Hb{ ﬁ’?é&?‘thc@uncﬁioﬁ%’t? TRl prB’teerliﬁwlrdiae@ih the formation of the

aerugi nosa Is preferably used this purpose. It is

pobymergpaptini¢s. Eor eramypdie; dlne ﬁlgetimfahtm tb¢ pelzmer sydhasd umtqmpd ifa

t he. i.nyentia h t he net ne

Bl i e onue Rl erhBoEPhar el P Rdpyignof gbinding
donai RirbiRiing %ldgl@du%cﬁ@ee@ba@ﬁce@faﬁ%t célhﬂfmﬁ reagents. Should the
functionality of rtErotelnslnvo ved in the formation

fmﬁcttdmahtymflawmtexqgm ¢less befmpaisschbipthe fusion thl.S shoﬂgormng may
qf e{ l%p ﬁlle pr segée (t)th aeﬁl%ely én%r wilH QARE fdr% ﬂr&teﬂ{ Wfidn 'pf:rf@nns 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
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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protein is fused with the N-term nal end thereof,
wbesudayo@E28N the production ¢ a binding ded®ibB20637002799
bi ndi ng biologically active substances and/or coupling
reagents. Should the 25 functionality of a protein

| . .
R ek i THRUITREGN of HE pLeS vilich boleor profeins yhich
ogenexpréssal) bmakieshé purtiele pmcﬁice; iv ISAﬂSCCiiDSSbelé wrineoduve gesasnmith
function and is. pr en ap active st, .o thi
difigenmoditic qﬂgnwg%efm I G Beeaprareis B Pas i Taoinding
dBin3inR Bh ¢ Eéeyl eﬁﬁfe'sé’et%hazlg éﬁé‘eﬂ BChstiABIh R Qﬁ’ﬁirhiEQ it is possible

reagents bound to r particles V|athe bi ndi'ng
inthhsmanned te hee the differers blndmgmm:snns.moanulpﬁmmenalsy thehpastcle

SRS PR CRRITEPIeS S ABRTP A dhee P oBtof of

ﬁ%[cﬁbﬁélﬁéd%lyﬁ{br a8, expressed, bind to the particle
surface, I1t’is aI so possible to introduce genes with

different nodifications into the cell. Once these
bR et g B e e S e PR R T b

oh@hd'®fiface bf the fmrﬁiaﬂlcﬁesl theid‘&oslpﬁﬁglf&geﬂwpttfﬁalblb%emg
di fferent b|n domains to nultifunctionalise the

Sﬁ)‘ sted from the arqlw@mprﬁmg hixdvees-exmplvdybphespiaric shigsidg
? géfBISh%ng@gﬁdlw fidnflin ﬂgxaffuBF@ll'leﬂiﬁ{ ﬁroI;)he

T par ng reagents dre use
bemembm tylfougaﬁsmmmiiumphmphmmmﬂmmpmphua (ByBQB), n-

AR (IR B B R
% Eﬁh@g%lﬁ'te;gﬁ??%g ggc;e@é@lyéhwhﬁle@ Qﬁﬁi&@ﬁﬁrﬁldwbﬁbbﬁa@e 1-

di'nophosphoni um

(Mméthyl@mmﬂmmhhﬁeﬂﬁ/ﬂl;aﬂmdﬁ)mdc (EDC), bis(2-oxo0-3- .
R AR TN P S

1b! ,9BitBrardethyluronium tetrafluoroborate (TBTU), 2-(5-norbornene-2,3-
H'benzotriazol -1-yl)-1, 1,3, 3-tetranet hyl uroni um 15

dmmcbrumdobhdsbmt@n(dﬂwmmpum teyreflusrekgtiateTHIAV), parde,

Rt kg icb e b e iehyegnivm

1@audrobopatd TSJI’@)Z0| ydi nyl ) phosphi ne,
di i sopropyl carbodi i m de (D PC),

2- (1H benzotri oxazolyl)- 1,1, 3,3-tetranet hyl uroni um

AR oA e Ao PR AR Rf bicides
&&ﬁa’t@h&&ll? laetivd Substhhdesland peotéins. 20
ni trophenyl chl orof ornate, and

O(n succinimadyl)-1,1,3,3-tetranet hyl uroni um
E' . .
HEAPSEAUDNAH G T T MO ol o s
dldeoxymosme, floxuridine, 6-mercaptopurine, doxorubicin, daunorubicin, 1-darubicin,
cisplatin, methotrexate, taxol, antibiotics, anticoagulants, germicides, antiarrhythmic
agents and active ingredient precursors and derivatives of the listed groups of active

ingredients.

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

ACTH, glucagon, somatostatin, somatotropin, somatomedin, parathyroid hormone,
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pharmaceutically active substances and proteins. 25 The
h ically active substances are sel ected. f
"Bh%aog?giﬁézgonpri sing di deoxé' nosi ne, fl oxuﬁ’#ﬁ%‘?eﬁoomgg
6- mer capt opuri ne, doxorubi cin, daunorubicin,
1-darubicin, cisplatin, nethotrexate, taxol,

erfiroppigtindypothalamie sgiease factors.quplaptin, tagoidssimuylating haorpiose,

. . [ . deri

<BR6iBH s e AN Sol MGl S R GEHY SO0 AL RS, ApLrokRR
dizhoitase antibodiep,riafeefcaink yaspahginhe afgimmse, tahginipe depminase,

onprisjng.insulin, calcitonin, ACTH, glucagon,
a&%?ét“&é?é@}q??esé’&ﬁﬁw?qswﬂms"’s glﬁﬁ%?iﬁﬁﬁ}l‘rﬁﬂdﬁp Phyr oi d
hor nrone, WD 2004/ 020623 13 PCT/ DE2003/ 002799
eryt hropoi etin, hypothalamc rel ease factors,
Arothenaspent oft thy irviedtion ismgradessfpr it ivorvve proginciderpdli iedegradable

epkephal i ns, vasopressins, non-naturally occurrir

pgfimer gerticlss whGR e DS FORPESCTRIPY it Pition suitéd to polymer
paficBs TSinPion vEaPATIARE BRSRibs@dtel iAStucird ifitothe Solution a protein
deam nase, adenosi ne deam nase, ribonucl ease, trypsin,

vitighnis tsuipgskiorconmallipg plasi size &f theypelvmer parpieles and intieducing at least

opf ¥t Bfbugif o gl RIRER e A Pobich b e ROGRU puBileS Tbe in
vmb&g 9ils8oFRer £1h @d PantadleUhatGRe Sikd dfttle polyRidk paRicles may be

cles formation with at | east one substrate
cppirolisdiasicat)y pnderingrrodetioniod the-pohyraerenanticlgiang subsequent costly

i.t ed t 1] . i ; . i
O
ints individunlesize dagsbeishosided.i on of the pol ynmer particles.

The in vitro process also offers the advantage that
the size of the polyner particles may be controlled as

182/t fealtond il pg&tgfg%&% R ¢ QiR & IROSIVER [n tRE TornfatiBH of tHY

subsequent cost | ne-consum ng Si ze

pdbineur partitldspis agpudyraenynthiarse) whefein this padimeesyngieast isgireferably
SHECIL 00 (4 89 GRS Be PO SE 9 TS oA hs. 2.
AP Fgsad  BADAT 110 Dol yTer part ol es, 13
preferably selected fromthe group conprising the
Igglg tgpg{ gﬁ %Ut%é%y{n}é%{%ggme gz%‘roos%t%’esig'in w%lic o}\)/r%{ezilr{]ssdnd%nzymes
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
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
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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In contrast with in vivo synthesis, an in vitro

vﬁ}’iﬂo‘l?@icﬁs’zai n whi ch protei ns%gnd enzynes igé)}/a,gggbgl‘/b@mgg

m croorgani snms are used in the |aboratory, is nornma
very costly as both the enzynmes and, in sonme cases,

| t bst r at. t .be. i sol d .
b 453 1070 o Bt an PR G R U e BF @RSy process
mdybelRicRiR08d ad D¥SREqRAc,Or the in 25 vitro synthesis of

t he bi oconpati bl e, bi odegradabl e pol yner particles,
there is added to the solution suited to pol yner

[ 0 . C g
ARt Bl T P pRES F e bAAGF s ppictes i
tial/1€ist Gnd shbaate is ddaed Yo the isclution suitedac pblyGmeA pantictkafoemation in
or. ot her, oxidjsing.and activating eP ynmes faor the .
spelt dravanty et it pesubieicide ensire pontrod of thigsizg of ymer particles.
substrates instead of R/ S-3-hydroxy fatty acids and
acyl CoA synthetase 30 results in a CoA recycling
Moyrebadr) the Bizelolf die pohemeaqarticGeaXonredimay alsb lalditionalialvecomtrdlled

oxi di se the fatt id ile. ' Co d .

bR 8¢ PR IRTRS A fy e SORAR ) SRR WEE FhOHgRigRt o
SR SR TP AT e e
in xitcbegrecestalsappmptisesfuehergssibilities fon conteolling pelywter pastigle size
RN T R e -

IS GHE ipRstesd mBRY effBlenaididost&ffectife.t hat 5 the at | east
one subStrate is added to the solution suited to

polymer particle formation in such a quantity that it

i s sufficient tp ensure cont.rol h i f - .

I i R BV rapaFing s s8luab iy ihdaucing o
prétein Whiek chitFd1B theSix¢ FltisOpaipided papticled Mtdothe GoNtioA, Wiich protein
by addi ng the pol yner synthase to the saql ution

In._a
igdeninedifomheciamily of phesit-like proteins gndds praferablyrielested drom the

the size.of th | C ] ein

e sl e B SRR R Richio ok P he pfitih ok

Pselidideondd ofvbrdnst i es for controlling polyner particle

size still nore accurately, so increasing the yield of

pol ymer particles of the desired size and making the

BY Q&R TR £ 1605 bid @R AL G GBR el fiibs Yskd, % difb pORIbIE) as in
O process, however, particle size is actually

theopi fiﬂ]i: bmﬁedsy td rdghiatk ihie cgmaosifiombthe polyien and se obthm pahpner

size of the polymer particles into the sol.utian, .which

SPr e dITeSer SFanTEs! WoRh FI06 o SURTBRAS e Jt i for Sxample

' ' k tPoBtai
ﬂgfg%%ﬁ Q‘T'Q"ﬁg t gﬁ&ﬁ%ié{pﬁ 0? Plélﬁf‘%grf‘tq‘tgﬁgré’f’%ﬁﬁop ae%nd th(gl
mitpaerpatticdes with adifferemtaempositivn pfithe pobaner core. As already

described further above, the polymers produced in this manner impart the most varied

Iy

properties to the polymer particles.

In the in vitro process for the production of the polymer particles, the composition of
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



10

15

20

25

30

By selecting the at |east one substrate as well the
weNZooaRs20438d, it is also posgible, as in tB@r/nEzUéav 02799
process, to regulate the conposition of the polyner and
so obtain polynmer <cores with different properties.

one substrate is used, it is for exapple
g, L BosIBRE, B g™ b0 B ByssSp T i Wi o B pntoce
chdrge edichriespecificallptadjubted 2o BRIbYSTBE cilahéhBrlafe whidh s Subsequently
dj fferent conposition of the polynmer core. As al rea:izl’iytia el
T ¢ she

igleseropssd dn theraniarl bedyy Bhe advantges ghmedifying thedindd faye
e th TR vilrD BrotRsis MK b€ poRIAPEIdibhed Bith bsgquent

pol ymer partic ess
rr:[gnddihmmll pﬁﬂngl};ﬁmhyplo hsl'mﬁthe pﬁﬁ?da pioes‘v%s. Sil?ee ﬂi&{@ﬁﬂ'ﬁﬁﬁiﬁ@ of
t he | Pl ayer n. the surface .o .t‘ € po mer
milocufes; tich 26 s RkpTPIeqh OBy ORRIIS G et iBids argalbeady added to the
e e y a
SRR Blitionra TBidQeylr Of HeBIR L Rois BHATRA HonPlrgbutset.

addi tional anphiphilic nolecules, the particles
ARS8 e SRS B S bt
1648 cHQPhaRdaRatcally RV SR} 9 Add P TR tiod Suifed to polymer

possi bl e, for exanple, to produce polyner particles
perticle farmaion. Said substanesis indogpagatediite the plypepariideldusing

[Lust t i i cal whi gh i .
PRy BB SRR ARl o ooy by
dethsiont thaRigh the Wiy kit BEby ddpralatiay of thefpolyierpafidie. The

menbrane In the in vitro process is that it is possible

lattgr-gtated ssiant fas shestyrberpdopntage inohe polymer partieles prostucedobyithe

r ] e Lh ViV ocesse.Sknece, t.he hi philic
Pl acp Sl i e BB RS G i e R oF O PaBfae
phrtiples snayeaegilated 8y tietibRtte-doscribed caritdl of tHe coalpekition of the
lipid layer of the desired conmposition is obtained from,
pelymepeseln thigfaanner. caniiruous sylease of the aglive mepmdirnk ker a specific

pii\@%fi@ i0§sﬂ%_so used in the in vivo process, is that at
e

st one pharnaceutically active substance is added
to the solution suited to polyner particle formation.

Sai g suhst.ance is incorporated into the po]yner i
Aaa#%% °dﬁ?qrﬂ<¢rat1%9§w§c peredientendg Meaa iz polymegparticles,
ﬁgﬁ??@ﬂﬂ%ﬂ ro@&dﬁ,eds%‘ﬁ{%qn bR Drodass, ¥ 's%&ti%ﬁﬁez@'ox&c (t>f the

I ffusion through the particl’e matrix or egradati on
poteinhintrodiigeddntothe solotien sulled to palymer paticle dornyvaionadn sudhas

t he f rtigeer 1advanta e.in the pol rrerF££rti cl es produced
maneriathe #lerst ere Wednend IO coRPrisTRAReLYBT PaliFleinding
d6rahid Al ableasient dsRtihPdorRdin! WEerBR Nd R leasPBhd binkifg doRMAIPR

regul ated by the above-described control of the
cmagquibmdmg abidlegicallyaictimesubstanes aridéortaniosiplingireagent. The
pgo egfnvslr ?ﬁ%@ i er&e %:agg%ﬁ?rstg% g(tg’g}%ﬂfangtof & plopﬂr;e?'%laﬁﬂzﬁesqx The 7 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,
where they are involved in the formation of the polymer particles. As in the in 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 Apart fromthe incorporation of active ingredients
wbnidht/gfo&raov"! ng polyner parjjcles, functi gemipesaéd Q02799
proceeds, as in the in vivo process, by selecting at

| east one of the proteins introduced into the solution

R i b ol ok R P fs WS P B burtace
oP e Hatticdée binding domain and at |east one

bi ndi ng domai n, wherein the at |east one binding domain
Is 25 capabl e of binding a biologically active

hst / ' . . £
TR TRV RUSE SR Bbrehol:e SforbRRERRlipl B B0 RUANAE, Bt iiftace
layer bhamphiphilic miolequl &¢ i witch [dnpbhwidleat 1éasbond preteimwhich is
Vi vo_process described further (gq%ove and they then
seleptesh from e BE0HR SRPRSIFING AEPQLYREr dAPOlymsae: * BALYREE iseulpler @
, r . . .

R sy e R RPRTE DR indRIcRRRE phitn, WREKIARSpE 08% one
preteinmEiompriseSOpollsmee partiely binding dondinedd abindieg danamtwloch is
of the, polyner particles, As in the.in vivo. process, .
c@wféﬁmﬁ Singing g iolpeiealy fiya sbRsEneR Apd(PEa FanRlia THABSTLIG hich

int | hdi BrdMPRURE hdVel deaEsnl
W?ﬁLﬁgﬁgﬁﬁm@%ﬁ{tﬁgﬁ?gﬁ“ t6 (Igﬁd %é%er cogJ%I i ng re eagents
pabaesady descri bed further above or by addition of
bi ol ogi cally active substances WO 2004/ 020623 16
PCT/ DE2003/ 002799 whi ch bind to the binding domain of
THARkPloRh&l Rdvaripebus Y Feri&e thelfoliflerifartdies sfuhé pent divention
the polymer particles.” The invention furthernore o
acoppticdedy suitable/foe theprpductips ob# pharmagenticg| preparaion, agpesticide
surface . 5 layer. of, anphi phi,l.ic | ecul [0t 0. Whi
o Beflitite Rt g BB sl R S feloreb) ittt e e
tidafiRerit BE dBERYH oL MEREMEL] ABrBuPSsitime IThegosdibilitieafor malification of

| ymer regqul ator, synthase and a particle

0 _a _polynmer
the pelymer pariiples described by Hhe presenicTRcash allaw theqonditings to be met for

rot etn ri a polymer particle binding domain and
p%s%ggglluﬂ& doﬁaﬁ'\/\hi ch is capable of binding a

bi ol ogi cal |y active substance and/or a coupling reagent
and which 10 protein, in a preferred e [

Prent. |
Phresentreboinagislesige coatrekrf thpermeesdan gl oﬁ{ﬂﬂf@%@éﬁe and in

o _ ) ,
P&Wé@ %?%gaﬁggin% iinved% %ﬁdrcg are E)lgdr?fﬁlldgﬁ ia(IJF[IE dable
plythalylagtidles art hauijtatdeltranspon vehick fphbiohemieallyiactive substances of all
prepar.ation, tici dcf 15 or i cide, .wher

a pes her i n_t.he
depiesrenpie ppected Banspert f Urecrelismss R S ahip it of
dclibn. NIGR %Eaﬁgagglil pakess F@sfsiﬁla ForlcSApH, siRIIMRBSusly to bind
system e possibilities Tor nodification of the
b loylyeat lgast ¢nieqihasmatestical betivetspbsthrceo duxpartigle suracs but also an
aaltlltilbgc\i\),r,t eebiggﬂlgls%éc(%ﬁaty} oF Vgl%cggrtlabfleosrprecise guidance to the target site.
These and further advantages are explained in greater detail in the following exemplary

embodiments.

Description of the Figures
Figure 1 shows a schematic overview of an in vive 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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passage through the BBB. 20 The control of particle
i ze, oI of the conposition of the she
wgn%p%laéﬁ b2 i‘7 Léw/ﬁ?%&ﬁ%zwg

t| cular also the functionalisation
particle surface nmean that these bi odegradable polyner

i cles q:;lre a suitable transport vehicle for

%l%[%r@ﬁl’ yMEESY ve substances of all kinds and

{ : .
B RO Rk AUCdARGBHR I | BARPIL pRIP, WP, GRYFERAs: phak)
Glebtylrriamsymthmal i sation makes it possible, for exanple,

51 ul tanequsly to bind 25 not only at | east one
D; EU‘T’FE‘BEB’gl cal active substance to the particle surface
Fp'i&blyﬂié Pegtilatord Tfdr RR&Mpletphsik rdplésa6r (PRER iffdnt Rt dutkiphithi ch

enabl es precise guidance to the target site. These and
further advantages are explained in greater detail in

Flgl ¢ Pl BroiFEBE Sy S AR Bl BRGRERNE Bgfners

in R. stirksphp! Mm@l&p@ﬂgﬂf@@a@hﬁm@l@'pbmdrd&@bﬁtgﬁb acid r(HHB) is
e surf

the proteins and |1 whi ch are bound to t ace.

pmc%fbmaetbre&tﬁt@ﬁ@rp%qsaﬁtéﬂtﬂa frame ﬂfecﬁubmtwe@fl &tody- dde GAgepeat

R P OES By Sl VR 2O OB Sy nE BRIl resug inghe

feruiatiop lofithepodfiner partitle ofithakopapmer $nttase bﬁmdotoltlyemrrface
synt hase D. phospholipid 5 E: polyner regulators (for

| e phasin repressor (PhaR from R eutropha) Figure
2 shows an exanple of synthesis of one of the possible
bi odegradabl e polyners in R eutropha. The sinple

Fogyirgs 3y atvdok shoad Herrosults frood theyal viva ybpﬁr';mé,ms dagute @FhleE deseribes
roduced i t hr ee- st tarti fromt
ol e viaueo Chelipet dagice e PR i Riyepig) figoressed

Mf' BPﬁMhéEr){ﬁ ke @ﬁltﬂ!m) 'W}ﬁlchlFlﬁJe 4~°<ie§thHe§ tﬁJl?ehﬁMBhP@tSthé
resu he

ts in the formation of pol ymer particle with
polyanep phsticlsr cosmhinithe eclbwith énbamcedphasin ¢xpressiont{inceased quantity
Ei ur es anTI4 how the results fromthe in vivo
O& LFUF TR H1%S0 ‘fﬂoé'jfre 3 here describes 15 the behavi our
of polyner particle dianmeter with enhanced phasin
expreSS|on (increased quantity of inducer in the
Figyre,§ |ao¢l1)6 shmthfereﬂllgmféhwmee exprsinente Figile § idesaribgs the

l%ﬂ'ges?‘% eXpIquS t%lr‘%h rease té 801559%{ %llﬁasgm bh Bow@%ﬁfgle

diameter, while Figure 6 describes the influence of the ratlo of substrate to polymer

synthase on polymer particle diameter.

Figure 7 shows the vector pBBad22K (Sukchawalit, R. et al, FEMS Microbiol Lett.
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).

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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of inducer in the solution). 20 Figure 5 and 6 show the

wBeded@%(fkf bathe in vitro expe;Lymsnt s. Fi gurepérﬁl,g%@/lggggg

t he uence of the quanti rati o of phasin
pol ymer synt hase on polynmer particle dianeter, Whl l e

Figie e 6 Plasy b Res bk o;%f@hﬁg[ﬁrtﬁhoqqﬁ’c&p@ol. 1999,

vl amt gp.. 732@) Emeﬂ Bnpar§ @wf%gtdme/ Bagdriybutyric acid),
(Sukchawal'it, R et al, FEMS M crobi oI tt 15’99,
said|plasmid bearingghe gones phB&) phivirtind phbSedrom Rafsorie quirophy

FadF B b plon SRl or R Rpr R T et ot iy

rédildiasbakbpiiat $ynehagene phaF from P. ol eovorans) 30
Figure 8 shows the vector pBBad-P which bears the gene
phaP for the expression of the particle

S8 S ) RO RAAS e P LA DL

1993,5Vi01d1 HEBPREE) 3 H)Sl) edtécinimnparts Btorage odlthe, poagmbr (polyhydroxy
cr obi. ol 999 Val 171, h t
pales ,° wid P'ﬁanﬁ'otreeﬁago ﬂFpﬁ?P@EE‘%ﬁbE&?B f;??ﬁ“ltnc‘éfcé ‘rﬂ' Fafhgse.

pl asm d beari ng the genes phBRe, phbARe and pthRe from
Ral stoni a eutropha which formthe biosynthesis operon
Fignre | hehaexypthe srsctoanBachamc}hbm@e genhplRdor expryssiorsof the

red tas and éﬁ has lﬁag]tljre r’LO shows t he
P gﬂ%} Sé’ﬁ" cig PreOVERRE M crobi ol .
Lett. 1997 VoI 150, pp. 303-309) which inparts
storage of the poly pol yhydroxy al kanoates), said

Figuse A7 shiyesthe wgctphpBIjgﬂi Cmsamlclf bas berp censsueted starting from

eI BRERYd TR Piguh 1 (B e iR e, Rk 006s for

pPBintdr ¢y fthadez Bedie vy EYstimOrepidacs dir the N%teﬁhﬁiue limofdeptd éﬁabie
ol eovorans. Figure 12 shows the vectaor pBHR71-Cys whic

dirget bs@bng ebhislqrigally act yeyubstances op the bindipg of hﬁ@%ﬂw@we
s structure, the gene phaC 1,

SV\#]S?{H% Csu]gi%rgljeg %/nger synthase, bears two cysteine

resi dues on the N-term nus in order to enable direct

bi ndi ng. of bhiologically. active ces or th

méxnal A Shorrs the oot BAHRY 1 HLAS vk bet kronse beeh Soptiprciedy
EEGACROR pl T pIE o FR. |03 NSRBI IRE e pract, which

cpﬂﬂb‘r polgmieRFynthiase,bekisguwod LIAG epitoptehion thd Netetmines. Thiseenables

ene phaCl,. which
n%t ogly in vive ' incorporation of gene sequences for functional proteins via the Spel

restriction site of the FLAG gene sequence but also the attachment of coupling reagents
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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codes for polyner synthase, bears two FLAG epitopes on
wbh&%gfgéﬁnus Thi s enabl esqghot only in VpMOne2003/002799
I'ncorporation of gene sequencés for functional proteins
via the Spel restriction site of the FLAG gene

0 Ihe tt achrrent of

the aIready expressed polyner synthase The
blologlcally active substances used, which are bound

Produdtion of polymen ga gafseuttaphdrt binding to

h f 114
T %P‘%é‘%? hoig by %f%m‘%mpé f.oﬁﬁ‘%ed L R
Mr?ﬁ@ébﬁ@ﬂ@&f&?&;l?@gb@%@g&%@gﬁ?g@g Y?ﬂgggilfggorlg lCGJM.ralal. I
of he size o | VI V |
H3teiAL 2ODG Valc] & Pt A3 Whichesings f dRttG wibrsased to the

B &h&h%ﬁdéﬂoﬁexﬁ'g&sf he. Hﬁfa@é BE}E oc fakh 6n BRY ;ydrfrﬁer partlcles

particles are usi ng - out
(PePgHpas a cemeqoq:ma of fxhiciethé 9rgamsai is ge rhcmgeecapabmuf&)(prcssmg
York et al act.er.i ol
thﬁomhwfgehwbbs €0, ﬁzﬁ by w\ﬁﬁ% ﬂ"hsmcﬁﬂaéa‘ale &8 Yé‘&‘ir IWT’HFS may
86Vt alsB bk ?odlﬂé‘(l‘ﬁsﬁi‘é: hﬁ&o&%ﬁﬁ%mﬁ WVhicdy x‘i‘&t%bﬂtﬁnpﬂnstééﬁe and

surface proteln phas on t mer particles
tiqpfustRér genes m;uaeat torsbajiesohasts qﬂppbdmdr ipertislagaPossiblé examples

I bl. f th h ded
of Bl SR E oS Deg B B BN B P B i B
orﬁxexé& plEPy BRABEdinRhP e EsiHePRHRQ L 3§é pré 2R Wehidh iS Wturally
whi ch do not contain this gene an the further genes

nobeppabledf beaducing the bioyegradadlsspdympupartieles plerady desssibed above.
Possi bl e exanpl es of such m croorgani sns woul d be
Escherichia coli, and Hal obiforma haloterrestris. One

T Qafth-Atayedomiitpsirg@iimy s shérsedieforebl avithad vectdi &ehifly dmTHecase
2), which is natural layP not capabl e of producing the

o Ro gletortgalsPetaps el ¢ whichscodpy for ghasieand ¢ js the

G T AR D EAPORAOR Bt b o
peothéteptvich is didueddisy draBinpaP gene whi ch codes for '

phasin and contains the pronoter sequence. This gene
is controlled by an inducible pronoter, preferably a

@@@ﬁég{sp@t er which is induced by arabinose. 20 C oning
ning is performed using the DNA sequence from
(oniag is ppfearmed using ceedd N Af sequeite Brom Rhegrapéguehick chddsrfgr phaP,
tgsggqetgpcl:e etllrgge hsteof t?ln KGeggaIS( untl']Jer n%nb%rl: %%%JIEPSS(&?anEe?yS Z et
al., FEBS Letters 1999, Vol. 447, pp. 99-105). This sequence is inserted in the
Ncol/BamHI restriction site of the vector pPBBad22K (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'-aaaggccecatggtectcaccecggaaca-3' (SEQ ID
No.1, Ncol restriction site in bold) and 5'-aaaggccggatectcagggceactaccttcatcg-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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al ., FEBS Letters 1999, Vol. 447, pp. 99-105). This

WGERIERGE 120 SOun e 38 oLl g

FEMS Mcrobiol Lett. 1999, Vol. 181(2), pp. 217-223,
ol Bt 6 RS S Sy LATERE e
8 % use @g&maﬁ@ ahstesed i’n}!&ﬂhb %cﬁ)bf'g%%isﬁ{ RSy dfeHe trivisPorbtifion

e which codes for phasin by P mut agenesi s by
tevhaiggedesttibedoinitheprior art for the corresponding organism. The inducer of the

]i&::l% %1@(%&%%1? &gﬁf%fg%it'g :fsE a%zaﬂ?iﬁg%g ﬁrgiacﬁgfﬁag('es gt%%%il)l@ 5 gclhlgVelQumtimtive
contrél AT ALCHPIAERA Iof RAY pERGH @‘i@ﬁﬂc@@drgﬂtiﬁhs (15T hik BoMpol2,
BanHl restriction site in bold). The resultant DNA

niqchatismis wied SEcpntrol thy expressign ) thephasin geng g, by aneans of the

R LA PSR Eel AR 5o e 2k P aleYohrhcte
ftd¥l d, whi ch now contains the WO 2004/ 020623 20
PCT/ DE2003/ 002799 nucl eoti de sequences for the protein

phasin, is hereinafter designated pBBad-P (Figure 8).

i nducer of th BAD rormter fEa c"s. ar a

I AEIROFRaRISES high, WETeH1aL opgmaly P Rigt GRE Farictes of

thi® WeOhn Addifibial X RleQamk YBctBf cdntdifs APMer gehes Rich are involved in
m croorgani sns used. This control nechanismis used to

thofarmetion bithe pplyeses iparictss. Thenysmbesiand meof dirnecpssaryeanes
hich Pt Rpdiet R bl B {0l phBfisfigh bf the polymer
PRARIdésCr& BeteARinEX By BleShaticAnakRngrifahé OiganismMised datiesinphest

for the production of ]polyner particles which were
aase, farraxginpld inyE. zbli ¢ ableast enprthigjase, aerdugtase and @polymer synthase

nm croorgani s whi ¢ [ ri.gknal.l ofe

o5 SERRERG G0 Pty Pofe? bpetclel i e plarfiBE Gt 8 Figore 2. 16

(ﬁgﬁﬁﬁl@ﬁ@ lus€d whith comipisy spetific mwtatieisnsuchuas fhresxagplethe £, coli
ich are involved in the formation of the _oI%/mar

spain from EsxamplecA. feveRtham e abgostated gaes ot BUTGIY! hénatle
b s Bt e AL TRC sorht Syl MO Bighhis LN AR |

supplidiewhiRsércaimpieeurspr aibstrites fromahe swtabebcipathway e polymer
sinplest case, for exanple in E. coli , at |east one
YAth§Piase, a reductase and a pol ymer synthase are
necessary in order to produce polynmer particles in the
manner shown in Figure 2. If organisns are used which
i€ afithe plasprd isfused muintrodacesintoghe belbthe fgenesaxaessiny fonformation

Gl nolymat pitgendte Bme PATHFB TR hnaieh Snains the 52 b
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 (Spickermann, P. et al., Arch.
Microbiol. 1999, Vol. 171, pp. 73-80).
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production of the polyner particles. The same applies

wol 28d39088é2ani smis already sypplied with C?éf/@zﬁooz/oozvgg
precursor substrates fromthe nmetabolic pathway fo

pol ymer synthesis. 25 If a further plasmd is used to

= Jacans of the phad-Evedat § npHReS
mElnwo%rg%}usnmhsmﬁe&m thisﬁﬁaﬁrféﬁa& l&dbhtedsﬁab#(ﬁﬁpﬂna Broth

fragnment fromthe chromosomal DNA of R eutropha, is
npegiumn dotlegtion of $he prepioter Wil asabinesernrecesdningthe date lagarithmic

%%‘9% taﬁeeﬁh% atiey n%ﬁbfitf?)r ﬁ’ltlgl I esq#ér%a!rrnﬁ c?-sofn t?e %%lﬁc‘ s determined.

radable po yier
"I(of‘tﬁis@ﬁd,r thiegells dre sqiarzﬁéd frofyrthé nutdient\hediomi 1 cenfrBgatiovicind
171, 73-80). WD 2004/ 020623 21 PCT/ DE2003/ 002799
dgmvtﬁq? eM‘Pf(B?COI@S #pﬁeapmambaf RAlpper RArtiele pize iWAR Pefformied by
oA KR i cfaPoly 0 RANLR FRTRR AR Midgion
chroetdgraphyo fThe Ipelymem pattiele coiuntis deionmed &y prasegatmgithe intact
the late logarithmc r owt.h ase. after .
TR, R YRCDIRIOLPDR Cq%an%ﬂﬁqumb&g 31 the Pl iss ppicies per
ggtermned. 5 To this end, the cells are separated from

the nutrient medium by centrifugation and disrupted.
M croscopic determ nation of polymer particle size is

fi%‘ﬁﬁr: S it cop R ERpee o ¥ SEXSRRY o/ cBotrol both
x%iﬁe%lie&ﬂ*iﬂe poliRePPAriioes formed (£F CigiPeiB} aridSthe average number
determ ned by investigating the intact cells under

thereofi(c/fi F;lg@r@da mtlanadlzﬂﬁunk telly Inereasingiihecopy numbergf] p}lﬁ@n ina
PRI binds $ER 5oy I BEERORLE PRSP digneter with

aoﬁﬁhltﬂicobﬁrhrea&é@ thy BvergR initer of pélhmepparyioles. Inaliis nwnAer, it is

f or ned g Fi gure 32 and the average nurrber thereof

possiblepp ungahqut.aﬂlthe inpgps indhe vigd gt polymernagidlasgvitihibe
[

R0 DURRRE s AR ipdltyn PR R ARk PA T fiore

odstadfidceivewi th a sinultaneous increase in the average

nunber of polyner particles. In this manner, it is

p033| ble to bring about a distinct increase in the

gﬁﬁxa die P5: éeﬁﬁ‘é;g %c‘é &#@H éﬁb&%ﬁ Q@aﬂaﬂﬁﬁ%r ed dianeter.

S MEKES ol ynmer particles quicker
Mdhmnmhamemtfoeédmnﬂlmga;he Ride Eﬁ&u&]ﬂo@ﬂi&t@ﬁt@tbﬁtls i reghlate the
particle size b trate avail abil

availability of substrates or o e polymer synthase wf'ucl¥ are required for synthesis of
the polymer particles. Availability of the polymer synthase may be controlled by means
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
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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Anot her nmechani smfor controlling the size of the

(o) ticles is to regulkate the avail ghj/J i
wgu%%log?g%@%gor of the pol yrrer5gynt hase whi Ch?gi;)gbwoé’/oozvss
required for synthesis of the polynmer particles.

I R A T
iQfedQéédttBQI%;@f Abbridihy vafueltyndan N0 atcsuniiitidut g’lﬁ&)hse and the

required for formation of the pol'yner synthase in the

nuigmotgn@srrmguiq‘: mwbmmnpjeM¢ corsstant groavth icg@di_tions for a further
A5 B s GHEI SRR DR b v

e foatdveriee 30 k. car bon source present is 30
reduced in order consequently to control the dianeter

of the polymer particles formed. To this end, an E

M@@Mﬁﬂﬁ%ﬂwﬂ& (I)ﬂﬁe 9P19¥(? f)l%hﬁ(t:e%d &H'émagt.icles

I 1 Ie orosyrimest s oper O 101 tTie

The@dnpbiition of theibdstzgraddilb Ipelypedr pariclaxany be nedifiddrigrintfoducing
\ . : . , o

i.v(?tﬂu,/ﬂ;yt)t 1 og%fg}égg@':' tlijcé}e g %géqsﬁﬁ%rg@@mm}pbgygl Ngﬁ.lr}‘g'lzd{' gge\émv\tlh%hléo%é) for

e%@%@é%ﬁ&b@&aﬁ%r Ay Rith i artiBRasthf1ARE 8f Harther

e concentration o e carbon source
polynierdymthases 0Ad A B3uh, difrinigtfermatiogiafshe padymer particlds ithegedlltis

et 5 e O L L S SR s
anf'So Brdddbd P&?S(me? BariclePRa AR ol vRIcP Eorlsiies (Sf?:ﬁﬁ'gregﬂ? composed

m cr oor gani sire contai n polynmer particles w

phamars.er of on average 130 nm Examle 2: |nfluencing
t he conposition of the in vivo produced pol yner
particles The conposition of the biodegradabl e pol yner

Bahipl¢s! vwhibRinah Be Mdhtioh&biniisicBhneRfiog bftdvariols olyhrr Syithases
in addition to the gene coding for ghaP, further genes
wititl ldue telthefreubstaitespegifisity wiricerpopate ¥ hydraxyfaity agids(G4HE16)

. synt hase, in.particul ar. t.hi .
Gy B0 ar B i YRR O LR i e 1
15, Gby/ERpa pokdible 3o uidie pelymer Syntlip &#oin€ R 0dutropha, which produces
i ncorporating a series of different nononers into the

hipdegradgbls molyraer chas frompGd fasty asidsdGAb Pebimersynibasesiftony
A et O ok A2 i
(0810 €11). Gimaltenesasly ntfoducing 1wo o8 yokrdipsiemer synithdses nhtoethe cell
their substrate specificjty, incor pQ{]%Le 3- hy%‘rﬁﬁxy )
alsqrmgkesay Rpssipisdopresuce aphymsr eaticles rithghe moshastgdgoperties. Ina
SPHEES SRR ok Bl st 0 KR S0 iy may s
ealbyaired Isyrxhiomandtagmesis (ieutrropidytioni ch produces

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
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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20 bi odegr adabl e pol ymer chains fromC4 fatty acids
woZdoa/080eeBEr synt hases fronmy3Aer onbnaspunches @ebéds/A08799
C6), Thiocapsapfennigii (C4 and C8) and P. aerugi nosa

(06 to Cl4). Sinultaneously introducing two or nore

cel
BB i Do Ao TR0 TS B v
1ﬁﬁﬁﬁﬁmﬁbeﬁﬁnﬂ¢mahmﬁpntlnuous bat ch, new pol yner
syntheses with nodified substrate speci ficity may al so
25 be obtai ned by random nutagenesis (in vitro
RIS RE S GO, 0 SRRl s
hRviay ittt prgpettyf éfemedtlfymgﬂimntesnemstes of fatte acidsonetsbalism and

o TR 0 O G50l iy o

f&%étioﬁ'o?&éi%l}rhgﬁﬂﬁrﬁﬁesh @Nﬁsﬁe.ﬂcrm@gr-csn Hyaﬁat&eﬁ Ltfaﬂszﬁ:fylases

olynmer fornmed. Moreover, the nhetabolic pathways
andu wk@tloafed -Gof\ /AP fednotases.oFhest enzymep Bhyaaediffssent smceiimwth

e it e B it LB KR BB huas PR GuBur CRBIRIL fprston

poBrEr Qpfifidse. A3 aRohidgeite b ISl oeRaDKidS diffefing fsideehjitHengths
which result in the netabolic pathway in the formation

apg olyained in the pelymey; rgsulting inf pakyners b different composiprowi ng
enzymes are used to influence fatty acid nmetabolism
t hese enzynes 5 having the property of nodifying the
HoVeeteatradue hgQid ditiinhlenz¢ings m&t thekll $amdankk oilywagiafg
different products, for exanple._ fatty acids wth
inflyengingihe Bictpbobi aathyaw mhibifoss offthe mgtabgHc gathigy may also be
a}.gr,fl )
o ke PRUE HEimel BT S o RARY per vl LRI B
(symonymes: TaC er §- cdhildrb@r(ém dshbmp‘liendnty;)phanbh tormager lwhit adew.
the chain Iength of the (R)-hydroxyacyl-CoA substrate
provided for the 10 polynmer synthase. As a consequence,

W@g&mm of bidigrh 1S pslemeP parficles RIHIR)-RT €
ined in the polymer, resulting in polymers o
lﬂdfdxebmncacxdmmmh_@@mmi:_o_l nt r oduci ng addi ti onal
'ﬁﬂ?z nmes into the_cell, is not.t

PerEeRL e rihe B Rolksan WS gPlaies e plagmid
ﬁﬁaﬁbpbﬁd?ﬂﬁ MLNAY pBRR 68l abeadiestdted ﬁﬂﬁ%ﬂnﬁl@ 1t cglrﬁmg Wi

Exanpl es of "such inhibitors  are acrylic acid
nerﬁouhc;lsmrder tteyovoditions staed in Example 1 w1th glucose as the carbon source.

- c el %)éﬁ%ﬁ%%s 12?dl chl Q(}}rs{o;)g gﬁﬁ%%%ﬂ} &gg}%&a flameter

drgbwsoo RAY, Hé;ielnﬂﬁl fontow fmhch dded(abingsd)Gs added ttemedium.
hi ghly crysta I|ne core
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 E. 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
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 This experinent was perforned using an E. coli

wol $c0alodMez6h contains the pl %Em d pBBad- P 88g/pkBEo3/002799
pl asm d pBHR68 al ready stated in Exanple 1. Culturing

was performed under the conditions stated in Exanple |

wiih gl ucose a he .carbon .source. Th ol ynmer

byt 6 AR b B Re BEHORRRY Szr, ) SrfERIPORE by.prpgpsses
kaoen MR pRiod kN ®ick as fétfexmfpledeRiidiehréaraeiphy, dbﬁsilt’,o%fadient
much inducer (arabinose) is added to the nedium 25 The
centrifuggtion,; of alteafilirptéonya| phnsphgte pulferf(@Hn®)- i n this

manner here varies by only approx. 20 to 50 nm 1In

order to clarify the control characteristics achieved

Bxgmiplest: /pvasipioduttivn dfibiededradabiopslyvinbr pdrdcipBianh (R)-3-hydroxy
pl asm d, . the experinent i s repeated with the
%@%mw ore of lowic ¥ wi t hout the pBBad-P
A b : . =
kS Biidrindept, Wil ofdSBle, Q&gté(nﬂﬁca?cﬂgtg& ﬁdrﬁaeé’\hzw?néa core of IgR) 3

I
i(i.i?lamater of "150-250 nmare o I'n conparison wt
hytimxy datty adids3e proglacedmant. coli ohher milymenchamstare o awdirage hgde up

R84 St SR T TR BT el UL e o
ﬂf@eretob&laﬁs; in MQoZ00MiORRE6R3y AthilB t%gﬂ&%@&hﬁﬁ@ gerrFme%Habt dfom R

ractionation of the polynmer particles by size y :
epiropieeahddy the genederpolyansynthiase frhm D rdeonginvgsa, (phalOhInthis

| | usj t h d it di.
e s FSR B  BERBAEAP b4 bt e
PRl paftitids M) be ProfudRh . doli ¢ells\WitOmPpaididd Q‘&tgoiti@hetabolism
bi odegr adabl e pol yne articles from (q%q)s_ 3- hydr oxy

spliit  the paLymar shn asedPBacOof lorpiehgarmenads (. angenbachi et al.,
= ' b last ' . .
FRARE MfRBiol DA 997,001 & of R s 281 Beboligm i odified

iR bechp manee that,wien fagy heiddre veed a9e calban Beuras, Cod+activated
.average nade up 6 to 14 carbon atons., This is

f
infermeadiates Hor ¢>@gml%@wl-@ﬂﬁr) of styracist b pridatipnsgre gestanylatgdwhich

_ i ) : f ) o
i e s RS o Doyl Rlhesll T6 s Snd 36t BBAME Kol are
?&(lgjﬂgmlfaoh,hSJ et a’lmﬂEM? Mibﬂ)ﬁﬁ)lf ILeym1 997, sl ups 0 pp.3 031‘-309?1 or
. aC. In this Exa e, e.expression product of the
uglggﬁorﬁ A 5ed WK EOrSERIinENY m&ﬁ-‘ﬂf fetty é"’é‘inzé.ab‘gﬁgl (for example

: .pAargi gLes . ' I C &b ffs N
REIEF, 0§ LTS MR LEE IS, Yol 1600 By Pt
othervise sequired &€loacf] redetass end twshiatise aleandongaaiacessary ethen
al.,. 15 FEMS M crobjol. Lett. 1997, Vol . 15 e
B oS ptant gy LGP i YR A BEP SR e t £
OBRGY cal th¥RfMafigh bYRBChHRo _a@l{ll-@@ﬂfﬂﬁnér'i@l@fﬁ@qf]ﬁs is then
source, A-activated Internmedi ates (for exanple
conwgried yAhe polyfrer syntbase dint® poly-@Ra3-bydrax e fatty agid, wWichdforms the

PRt coraihe PalBer R aRE SRR “colt B

Clonin

The phaF gene of P. oleovorans, which has already been described by Prieto et al.
(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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used (Langenbach, S. et al., FEMS Mcrobial. Lett.
wbOSGha /024623150, pp. 303-309) 29r 20 i nhi bit OpgrMESosHRd2799
whi ch correspondingly inhibit fatty acid netabolism
(for exanple acrylic acid; Q, Q et al., FEMS

Js (" - 8 4 T
P B 8 lonkFlo GERAUBANH e B B i fmgazis. The
pamersgsetl dorgRCR megezenesiy ofithe abovesstatgd phaF paticdave tirfollowing

i nhi bi t gd m'crootr ani sme. Enoyl - CoA hydrat ases .
SeIEReGTsT o paecatRRrIECPRRAgaRCRFgResY (SRR Vit Bisobestriction

L g B b AD .5 bo

rgsiigfionRjte 3 beld). by résaitant DNAdragnieint bf $BQID Naves is iednyaterned

1B e v} BescPibe RRmBRPRTLEK, TheHhsmid PhiBdow ey
s&juefitd fot phal isHereimdfter Efésii%‘a@od Bad-B{Figlre 1 1?.- InBAa{tRnite this
1999, Vol . 181(3 p. 858-868) and is listed in the
plesmid Ahacplasmid a7 L penéeining thepucietide sepiencestor polymer synthase

: 0 LOLOGE... GO} LAF ect o : ELFi
CRARIRLRob e STy UMY BR L300 51D sho? $05-309)
idbiRamiaRBorfied gmtoeE. cali. The i ndi vidual cloning steps here

correspond to those described in Exanple 1. The WD

2004/ 020623 2 5 PCT/ DE2003/ 002799 phaF gene is cl oned

, v i _ ¢ o
TR ORI uE S L 21nd Ay KER o
Expressions o fithe phpdin phafegmeinagnin bmtfodled byinrgns s£ku éndiesr

5. : aaa ccat ggct aaggagaatt ccgagaa-3' _(SEQ | D No. 4,
aﬂggpsq.gglgrt?s& eg%%qrgl ﬁg pqgiy ng‘l ed?n Eg(am;ci)le 1. Depending on
the QuAAGE PIURRICECHE BT 3 hﬁ%ﬁﬁ&&%&@% frted {n3his

No. 5, "BanHl glcﬁr,estrigtigﬁ si'te 1nbo é .ﬂ?ﬁ%délesul% nltlavea
dipnstdriofid8e800om.SEQ ID No. 6 is then cloned into the
above-descri bed plasm d pBBad22K. The plasm d whi ch now

contains the sequence for phaF is hereinafter

Es@spla CoatrbBiaHe Kizé bf G riﬁvi%)gro&&e@@ﬂid%%@ﬂaﬁl@ pblter particles
| a_sm , the plasm cont al ni ng e nucl eotl de
Tgééfaéﬁﬁﬁlemdestﬁdyhbrpo iatisles feimpdrie also contaoltpdrin dve Wyro
) E crohi ol Lett. 1997, Vol . 150,. . ]
piggySioriy the BMROYHG P e Boreridiishoynasey §¢ phein g bhasip ke proteins
alnithb @Raifubilite ©f Ueakbittitest 4hd nietitstid yRBimaHaeLSsi on i s the

fatty acid decanoic acid. Expression of the phasin
phaF gene is again controlled by nmeans of the inducer

' ' s.already . .
THE B eRRE Fen iy a8 ubshatdR bl BRGe ByRbleTREMe i yirgaten
fornltpredugionuf bicdegradsisle polyfter patticles! Tiwretdmbmant polyrRét
in this way have a dianeter of 100-500 nm
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,
are purified in a similar manner. In order to express this protein in R. eutropha, 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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Exanpl e 4: Control of the size of the in vitro produced
wol S5tRgbh ARkl e pol yner parti cllzgs The size obetd 20037002799
bi odegradabl e polyner particles forned is also

controlled in in vitro 20 production by the

bi | f th
dg%;a'ls n?n& PIJQLCY?J K?%&W&h&% Iaa%?:\a r 119 Iy@&)’aﬁ&[noyl-CoA as
sﬁb&ﬁ&tdfat @ﬁlmeb df&h@b&lb'mer paiticles|s0i ralgshosplitte hﬁiﬁe&s(pHWS),
enzynmes and sub es nust first be made av ble for
VMR ng 5% BEERR (HOF REBIEFSADBPRIR BF U6f G adabl ¢

It jAC

Xy BECA A bR 5 Hilfol R RO (e Dk, B o or BEIARG,
s{riiRagg( nsssnotﬂebbssagdo udébthe tlnolaﬁe dad, theregdnctaddatc . Fisc 2.

Sci. USA 1995, Vol. 92, pp. 6279-6283; Q, Q et al.,
Appl . Mcrobiol. Biotechnol. 2000, Vol. 54, pp. 37-43),
t\tt@'reéﬁne 'E)?F UK ishd & Thdinnatidedirine qtﬁhﬁ@rtaﬁ@ of ﬁlﬂﬁtﬁ wotﬁner

Hs-T lon or Nit+-NTA agarose).” The poly
spmhaseojnepcéyma paumle ﬂtmmtfnngl?@F@ 6 shewsihe mﬂ@m opthg ratio of

d P.. ae |nos for ontrol n article siz
st ool R G ¢ PR s € i Theie 3 o8 show thar
polyinferPaftichd ﬁzé gaatlﬁhl a9 bR 3eguilited BRAER quiRGly®T pobyniki @¥nthase
whi ch "has al rea been used in Exanple 1 to express the

nu¢sant. Effgetine regltlht@orr ebpariieln sisa may apenrdingly be gchieved by means of

roductlon b adabl e pol ynmer particles
tﬁ%@ﬁoﬁ%ﬁgﬂr mg ?éllhg&?%%art fromthe pol yner synthase
and the polyner particle size WO 2004/020623 2 6
PCT/ DE2003/ 002799 det erm.ni ng protein phasin:

luencing the COBPOY the ymvire preduced polymen paiticles

substrate for synt heS|s of the pol ymer particles, 50 niV
phosphate buffer (pH 7.5), 1 mM MgC12 and 5% gl ycerol
Meﬁ@rlrﬂuabdihg' Balw'maﬂccmme use of R-3-

hydr oxybut yr

Bteé@mp%lt@npﬁ Fh-et &%Eﬂd? é’ : oxyd%i%rl!loﬂ?c il'fg)ﬁfﬁqd by adding
e ﬁls@m’tﬁ; s ddfe fé&@u&r?ﬁa%l?ﬁﬁl/& Lfs ih @HLEEA8 Giffént polymer

e resu Fi g e influence of
styhmasgsanth 4 giffesdnit sultsh‘amh;psctrum (1: H Ekgmpte 2)skprthisamanner; a series

q‘%#eltﬁa Shsmeth & nigtporettind e Eroiek pelvT ofaih Gfing formation
il SZﬁeP@ﬁE@l’cy & p(ﬂ?ﬁﬁef fFdrficled ﬁﬁﬁ a&fiffer }rilﬁﬁﬁrh@rswn{rﬁ)smon are

pol ynmer” particle size regul ation
pleduoegul)m ’@dhbysct ¢fe1hq pelymiet synsitasp loymBraesygitpes.R- 3-hydroxy

55k SE TR A R o 5, BBbin ot

c%ﬁﬁloudfdi&xhﬁptehsnlyr@yls Bhbs@ate i k€, fomdpafymigiiciolgmémnerticles
oSition of the in vitro pro uced pol ymer particles

axso mehes using|the pelzmer Hgthse fravy P.csgigesd on

Further examples of how the composition of the polymer particles may be modified are
stated in Example 2.

Example 5.2: Influencing the membrane composition of the polvmer 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
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The conposition of the biodegradabl e polyner particle

WoBYodago#authf i ed by adding dpfiferent substrgégmebfodAB82799
reaction batch and/or by using in each case different

pol ymer synthases with a different substrate spectrum

pifilces; TRFRoARISIon i Bth el T BEIG e 0 Sl of he
bivalegridable palymed paitiates frightfibinGhe pivisidicofithe yélttion suited to

particles and polyner particles wiith a different
PB&WF"{F%%P‘E‘% g memipans e dg indwyiduglly taperedde thy

cpREPBALAIEEQUHARSS, ddRlE o midiie YL R anfBhHNC BiE¥ules.

i ncorporated into the growi ng polynmer chain. If, for
xanpl.e,, only, one suhstrate i s supplie honopol ri.c

PS\B?R%PI%&H 4dedo e "ar'éroorse%w_ﬁiapc@r@ﬁgﬁg?‘ﬂaurﬁﬁ%yo molecules

o ¢l SVYhiASEark hBW ii?.’vola@cL haghgmaﬁg%m% ré’f’es }a;ﬁ%ées. As

of how the conposition of the polynmer parti

pohuirisatibraproceasis dhe golymeEpattiples acording Exthapnentior become larger
| mf.l uenci ng the ne ane_.conposition t he ,po] yne;.

apd P Ay P S SR IbS AR AR oo Bl SomuPBly Rbigia the

stffceOTMI polPmeF pati€les.|As 4 rbat, Wytlfphabic 26#ds\(Bf polymer) are
ingredient 1s to be introduced, for example, 1t nust be

epprssiip avhich amphipbilicmrdecudespportpagouply gttaghhthemselves.

phosphol i pid | ayer on the surface of bi odegradabl e

pol ymer WD 2004/ 020623 27 PCT/ DE2003/ 002799 parti cl es.

Id tHescaseglimatioqirothsced part R s fthe Phogphulipiddayer adhicH is @lready present
(Exanple 4) of the . biodegradabl e polyner particles .
mysgFest be srmeved- be dis ends Acgiens gxdragtion isipsrformngd @phogpholipases or

I : ' f ' .
oA LSBT g BIAGi6 B en, s ey
desuaibed al_anla_ret 8 nhlxmmj(liﬁ the a%prgjr)]ﬁzitel Flmlp_hifp_l-nﬂicfrﬁelbaﬂgs is added tto rfhv.a
ron tGaly e e eActckeSaSPH GREAER POPSTHGNBGaEs
p?g?ﬁhgﬁdﬁ%b!?ﬁf{ ard %g% ys REFHEEY 'dh\e%%asﬁﬁs;ahreﬁﬂs‘@dlment_ of

mati‘on o r particles. pcl ymeri sati on
purppsefatisonttoh ef memprane cpmpbsitibeshapadymer partitles atesuspended in

i nventi.on one | arge t he pal r synthases an
AR Bliae d 76 s PR e Sy S g H AR A1 he
phOsphifidAcRoRhe White BhY SBked ANt kGRSt pAficle fiffidé Is particularly

hydr ophiobi ¢ zones (of polyner) are exposed, to which

weekpivitpdid fusionovittbriaisscapiant inlcells (BEEC) hensel ves.
In the case of in vivo produced particles, the
phosphol i pid | ayer which is already present nust first

E?@;n‘[fgﬁ@!.‘ﬂﬁcoi@rattihh%f QRibus3GRIATREs Rt ﬂ@?;bmg pgolymer particles
erformed or phospholipases or 15 non-denaturing
lﬁw@rcgf@nbssawelm the cors eftbe bipflegmdabltpelpmer pytigle|hay already
bzgne Eua]ﬁaﬁiv%lyr i%%@figated 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 irn vive or in vitro production, as
described above, the fluorescent dye Nile Red is added to the medium or the reaction
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.




descri bed above, a m xture of the appropriate
waBYapbiddg nol ecules is addgd to the now ¥id/iodabéd/o02799
l'ipid-free polynmer particles. Negatively charged
phosphol i pi ds or phosphatldyl choline are preferably

e S P BHETR Rt SEROT TSk I HEPE porc
iitb @heSpptsl ?ﬂsﬁﬁﬂ‘e bfthépaftRte. @aﬂéﬂnﬂplaghd%nyolatlanghmm lagknt
(pH 7.5) and dial ysed agai nst an excess, of

paeliaxs i addpd t@ﬂmrméwmmcb iman fgyike expeiment fer the pradughign of

tﬁeaﬁy@l@agﬂ@g@ 'v&ta%gjdogwk ?.5%{ Cgﬁ Alss?gégggd ‘c@g(éeﬁﬁ?t@&‘ in
5 the Eydnbpimbrciqﬂﬂahemrebf ?halpblyu?r 3&?&1@@@? xts tiai‘eencrclyt added
partic ak OT . substances.Into
19 fhe solition dor éorma&aggf %&ﬂ%@naga g, WQF&CPB%E\?%‘WC
ugé L&ies BERRnaaal '1ﬂ @ﬁ: (]):Mﬁicl/cs' T‘Pﬁ?%t Velited Gnkd {Ha Tﬁner partacles

£3i st ance of the phi | | uorescent dye N|
ha@t fprmed By rerhoving them)fromshg raaptlmbajdmmbmyemgatlng the solution
S |ekerrmn P. et 199
e Briencs o ggsiivafel b7 giganh o LT U6 Bferfase i BaepaxtP
10 cBﬁ@Bﬁﬁﬁﬁbeﬁ» th@Solufl6s Rére RRSWwahaVie had BiRnfihdePpsraee ito dyepolymer
Nile Red is added to the nediumor the reaction 30

nam::d:ﬂs Agyhs prgyroer man@clmblymaqﬁanﬁhwrsgmmlom@éﬂvq:laare@leent is

Y. r
STERGTY s, 1B o Reish o RE b ARG 1SR 80 Bohuol,
wiRkéih en tH1§(Qisé1the@éhsfrfonébieh§e ia@hd pacti@xeDEMCORRAIRB iR the solution
PCT/ DE2003/ 002799 If active ingredients with a
spited wenodyrercparticle forgiatigne added, they may be
15 incorporated into the polyner core of the particle.
For exanple, the nonpolar antitumour agent paclitaxel
Eﬁnﬂﬂmemﬁﬁtflbﬁmlsﬁt&amﬂtgmohﬁclehuifmcaﬂ invitro
experinent for the pro ion of the
Bjg alogicall activer b m@ﬁﬂiﬂhﬁ%f’ ﬁ&&?mw@& 3t algeady Jpoptest on the

stﬁﬁgcecmﬁﬁg615rﬁlte??aﬁ1|@le§ Al 914}}{'91’39@ RERICn ARk %EE rmﬁplicec(ﬁlfmdered

e pol yner ~par Paclitaxel 1s heré nerel’y add
This tehﬂtﬂnlamlumht}fmfr"crdm-lﬁ?bmgﬁlsirmnglei vitheh grabiencavalent lmkage of

wher eypon t he actlve
20 e holgadaly aliira, aoRanpE parices “hishit By b thSeprple gurtace.
the polyner particles have fornmed by renoving them

fromthe reaction batch and [ nvestl gatl ng the sol ution
: proteims fonattaghinent vha

aecrease |!n Eacl [ tgxe! 10 concentratlon in the solution
been i ncorporated into the
O 3RIple HRfuhEERRsatidh of iR fyHMERTariddés is theeptadbh@emafade

in the orgam sm the active ingredient is_ subsequently

25  hydrazenetioun ci(l?f@cvl!bl@n (hydrazonaibohed doxsspbigiahas heen Qqsgrgqusby
K L Tl TR0 s LRGNkl nf 278 27Kk oRfher

syfthdsd PRAC1 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.
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suited to polyner particle formation. 15 Exanple 6:

wguﬂfth' 5¢dohsation of the par&gcl e surface B&\%/ﬂ%%@)ﬁz?%
I'ch are

actlve su stances can be bound to proteins

already |l ocated on the surface of the polyner

articles. All the proteins stated in Figure 1 may be
dered. This results in a plurality of

The 'h@ﬁéts'cbﬂiﬁ rter the t«.g@élﬁe k@ﬁiue!‘ﬁ'e%'lbxﬁﬂ%?'?@l@ MRdgRALsis into the

| i nkKage of i ol ogi cal %Gactlve subst ance vi a
gpnmceimgsfomli’heﬁl,aﬂmb whcn elonechintopthe Xhal andsBarmBd eestriction site of

o AR iR T RS e B 1 T RIRL e Re 3P X apd et ar
abdiigRiteginto @fbe%eﬁx ATHiEPOR rfutAgnesis) atrhe?ﬁﬁsmuga‘d fohhe PCR

pol yner, particles is the attachnment o

nhyfegeasyin el the bhaClreeding isreg paverhaifollpping ssaupnses: primer for the N-

i T

Xbal yeswiction ghé helseld RbyGriplet mmrl&edataﬁdtgmmesﬁar thmﬁdh'rmﬁus 5'-
bound on the surface of theﬂ‘i% yper _particles and

apargregatecttisatoatteatgcdrh B EY 1D MNQ 8 BamEl] sestrictionsitgiip held). The

| SRainb®s f t
CRORTRGFER ) Myt SEQIDNE B It R ARt i
abd bgatgd odd the mtlm\tyeh}yirbb'sah]ﬂesmdmmﬂwhdﬂmdesumt plasmid,

RGP R s L L saratieang B Feslt E yispogol kiown
teOhhREd) Stiefe # Hed cnbiBles ﬂl%'l@m%{t’féh%@ r es?ﬁ@%les%hlgriﬂgt ée ﬁt())l?mer

then cloned into the Xbal and Ba riction

Srmtbaqgloas‘-ht eurfﬁlelmetﬁhmhml)img tsmtha.f@ bemetwpe:s'stmnctrcaﬁues for
i bal and. BanH .are ﬁié nsertte 0 the

'lb"'e P‘He‘i' V“B?it? e ggceeﬁelgmsmw EWF‘%‘C % : % he

PCR mutagenesis of the PhaC 1-codi ng gene have the

foIIovvl ng sequences primer. for the N- term nus

L 5.' .‘Ll..-!: s 3 At cgagcet
iR P M L ot

caeing egfhies.Cld ﬂﬁmtdcaktfémmﬁ nEthddSEQsdd? 100 mgBof thédsblated
restriction site in bold)) The 10 DNA fragnment. so

pelyimer pagicles (totad volyme| md) tosvhigle therpplimagrisyaihasg is hoyahare
73100 3 P L 5 Ul
DlBEIR?]]ln@eatmEngtedecei Me dipdfide We@ fnivebd pobynaerisynihasd. Thy low

a ar wc1élt 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
buffer (pH 7.5), which contains 10 umol 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.
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techni ques, where it then enables the formati on of

WROLyUEb20¥¥at | Cl es bearing a gglymer syntha Tﬁﬂxzwf/ooz?gg
surface thereof, which polyner synthase bears t wo

cysteine resi dues for 15 the attachnent of various

= s -ty { 2 C hslances, in aL u"
adusinptedientsth th dld Qnmaim@mé sh ﬁﬁcieknkl ng" may
now proceed via these surtace-expose cysteine

Acliye inpredients mayjalsochechouph to the ppbymen partislésdy being boudd via the

el oo 48 B pRAGMTEIEE R 08 o8Bk Bufiles. o i

endl,cajbadhﬂg dbomiBmbstdirstbF@llibe ci’@ltddu mm%&mdlogﬁanﬁ Rtlive

andSnMCgthlothrelt (DTT is treatnment

sy 1sapaicged by gingiic Bla om At w@cg@pwﬁbpmseym ¢fthe polymer
|

pIﬁfélrﬁs‘gﬁclelS@ f@:ﬁ]ﬂaﬁb éfdl Er Wﬁh@{agw tﬁgjgaélﬁ qﬁ%%gotgﬁlxs

pelyther emtb@cypcdympmegukam; smlethahhesesmeqams(feﬂln wh bhmaarm

by f H 7. h cont 10 f the.
RsPEbisAiRasimAr B B FRMHh a50P MECEuETLE 3 biolosiralygetive
sabstatice mlytRMboluhd. SOP ’lsiAbS thEAHVEISHIRE hPficd ﬁro?&ﬁ’é & the polymer

performed under the above-stated conditions in or
pagicles atith mromrwﬂmln enablgsdireqp attachoiens of Ardapling reagent or a

et ecfed by..sybsequent HPLC and th .
bR iV st 5 ot 10 BB el pees 38 el ger fusion
wrlﬂhrthé s@ﬂace rti of eOpHreele [thé AtRtionfli\6F both the surf;
O B e e gL Exanpl e 6 2 ALtachment.
potteipiand thyi fused grotein isally tetainedaces, particul ar
pharmaceutical active ingredients to the binding
domai n of the polyner particles Active ingredients nmay
Irabimoeemplary Rehbodinidng, AR1yAe papidlé wsthe s o BL A eplofe ifhsed

via the blndlng donmai n onto the proteins bound to the

dirggthygnto ﬂ%‘n}jﬁmmféhe plymersyathasqBhaGi FomsP. aieruginosa . fThe
[ L
FRACP 0y S0BbI, i 5Bl 5. PLECH ks Bl

antitstididsy (afh'ntGELAfG M2 Smhﬁﬂhﬁ) fidothen GBeInyIriehﬂaIR&sWIﬁéh are
olyner depolynerase

, %{é‘tgl cles (such as Eyg
’B flio B?O"é#&‘s%"ﬁcffSﬁ Pt STeheRo fthe gropsss bW rsasenle, sccondary

BT R e Reder GiTTRales UlmiRE aaFhEDIRphALE Homs

Addmﬂnl) meglsneé agthetenoymenarier dﬁlmhivr)ty af:ﬂue\aﬂcahﬁe phldisphmn the
%‘F ? bound. On f SIO of the. a e- stateagb,surface
%? Qﬂ?rzﬂlﬂpﬂ&% N gletermin PhgiameEcaAllor ¢i n whi ch

enabl es direct attachrrent of a coupling reagent or a

b| ol og| cal I y act ive subst ance, it is essential to
ppled.2. ) caxtpartitld with b kdiAdGR-PhaCl fusion protein

The following oligonucleotides are used for the production of the FLAG-polymer

synthase fusion protein: 5'-tatgactagtgattataaagatgatgatgataaaca-3' and 5'-
tatgtttatcatcatcatctitataatcactagtea-3' (SEQ ID No. 10 and SEQ ID No. 11, Spel
restriction site in bold, FLAG epitope underlined). In order to obtain double-stranded

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
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with the surface protein of the polynmer particle, the

“?um“i/gmzbty of both the sugface protein gaghdeB6o3/002799
used protein is fully retained. 15 In one exenplary
enbodi nent, a polyner particle with two FLAG epitopes

is fused direct onto the N-term nus of the pol yner

méﬂtf{gg&gﬁgggﬁuy T BA A3 nen FRydrbly443 St iRfBsiriction

ena dirag,2uf “ conmer ci al” anti - FLAG
(nonocl onal  antibodies) (Anti-FLAG M2, Sigma-Aldrich)
eardne Néel aid abonegrintorthe keater pBR AL diigure 30) whishdes ta dhis end been

ful ) : ]
sfASdafoly s 582 bitmREPBARTRRTAC [Fib % RERHEAGH i magner
cglﬂtgiﬂ_s@% e (vt SngllB)a:I(? 1Raink ﬁﬁp&lﬁ@agiﬁ@%m%ﬁmf a$'otg!‘m?rtsynth?se
' c alre use as e enzyne nar kKker. e actil vl or ,
witheN AP TRRing I FL AR dusiom his s ot tiseprotgin Hovk Eoras the binding: ogtain).

AR ABSRELSU SEAPLRTR okl i b s o
thik Andiippdomaih UBheosingul art Spie hrestiivéiofi sité whichds likewise introduced

l.i I i f dycti on,
SRS ST R B BRSHES 25080 e

0T £, igat gat aaaca-3' and 5' -
t?‘g%ﬁéﬁsggtﬁ?g?%at cgtﬂ%??ta%?gg?@élact agtca-3'" (SEQ ID No. 10

and SEQ I D No. 11, Spel restriction site in bold, FLAG

[ e. under| | ned I n order tgQ. optaj.n ubl e- st randed
135 ofiRving hed ik pash Sambie oidn ingliph Pt Fiaabo drgsica
Bhatidt. R tREFBHR 784 A bR&mi PhAWek WatFomhedliftod) coivtrains
i ncubated for 30 mn at roomtenperature (RT). Th

e
wldcibalecady contaicethe plasmicdbpBBa-F and grkibirarmedified frsty apisk

t ELA Lt 0 Kl nd. . ha verh )
PO (o A A Uimenb a1y PRyl e Rerdraas g Bl B o
palit188Ere RO IPER Ihe3del IR GT /didrdftihg/ tRO 1RAnMAE washed three times

restriction site (CA TATG This DNA fragnent i

WifttPBS puffer GFL 51, b pelstraer pertiskes atsrihen meubated fr 3ain at RT

0 R A R AU 1 G e
RS laré ik réwidied, Jad alreiiyedesaribedrabbind, anddivndncubatdtwitins
the gene with SE(P@I D No.. 12 and inparts expression gf tg
ssemdanralkslinephosphatage conjngate fosidRaningt RE in P Sbpfernater the 30

ey hodtBfoR LS prERY e 10, MU THCIR ) amd then 2
mghnl o6 p-tiofienpidphagpliveasae added tbhhsparticldisngpedsinniana sitserate for
iR SpkAsE DR AGHIT 1 e Akt PhysphPgSc sreosed
sheltrdrtMrit 155k W1 @ AP Pofier PRticle8 WHidH &dnedin BNBlymer synthase
without a binding domain, i.e. without the FLAG epitope, are used as a negative control.
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.

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



10

15

20

25

30

fragments which code for functional proteins. 10 The
whObdRVhIE-AEt hod is used as exanpl e of tBen/ne2003/002799
funct?’gnal ity of the above-s?gt ed construct. fagce t/he 7
pBHR71- FLAG pl asm d has been transformed into E. coli

trai whi ch al r ead tain the .plasmd pBBad-F and
ol oF e Vel SEang Tl B i PisRelebet pegicle P
pSMﬁtﬁd(:%Qgﬁ@i'fM{Bﬁbnﬂﬁfz%@ hR&indtRerR %Rt %S RA mahl AiffGL N Epplidations.

parti s are isolated fromthe cells by disrupting the
cells and are washed three tinmes wth PBS buffer (pH

5). I .t gl h ' bat ed for 30
I i R el Rl B S bR S S S ouna
tbthedilreadyt dpréssdfmepiotapsurfatb praiéihwifete pabahér garede at B also of
then rewashed, as already descri bed above, and_then

cpyfse passee 19 fupe thegueipimhitpcty pathithesystres preteinged then express it.

'Ig)(lﬂis.léﬁattﬁe ,E&;m@@ c{geﬁce@toftﬁ]} eﬂgaeglgr%{cﬁ%f(&ﬁﬁe & ggae@g& with

O m nutes” 1 nctubation, e cles are
tie C-téintinal entiGt (helphaCD )genndf th pBHR 7 1ARILAG pddsmid.
p- ni trophenyl phosphate are added to the particle
suspensi on as a substrate for the alkaline

DNR $RBAeARSire JN8inE bl v@wwﬁilfclh el k& ddae femlé @hﬁeiﬁ%@ be

is neasured spectronetrically at 410 rim Polyner

insarted andefor viiei Cheroumal dragmenpa therpolymensyrdsase imptdentet enable

SR T s e 3Pl BBl RE b Bt
réSRREINAIE insSrtb@ivita QR ¥R Eg pAmeRS AT et ' @hd of 1hds Kydtidl defie, at a

of the spectronetric neasurenments at 410 nm are

distagee of @ nt frpm the slarticaden, airihosernal hindipgsite (PAGGAG)and a

AT Pl B Rl O . e

b ' & ipBHRI1-FIhaGRRtiviasedsH fhib agR; altdddy hhsa Fbosuns
may al so be perfornmed with one of the other o
b toy Hieno lngernescispnt additionally toringerparibpgomal binding site.

ToBE b an tchtlPrceiclEh S Yh S Gl G ARl fone, purposetul
chningihttOf8 eRpi27:9¢h o BHR/7 IoFLA e mostpogsibieeThe restriction sites

R TUE RON N MR R WTHE

_ " _ i . _ . . .
SRR TR il (e At b XNing o et forf el u
psadesd cplehily tdihe presest frombtee. [althie Estymebepthedaciganedrom E. coli
for urface protein of the polyner particle it is _
1%1?“%&?@?‘1518’0‘8?’%‘@ 0&3’ Zﬁﬁ itk prignery . "[’ HQHMW? Kesristiop,pite: 5'-

! ‘lf'a ] | ! t . i i
e B CUP TPS Ffton  H30
Sémytﬂi}tttga@ctwechamigghatggtagcg;-}t(ém HaNoehdl Spkl tdswricpibnite in
b%ldg.elrﬂ%d&ftiotn,h fhe 3 o?ﬁ%ﬁan i'sArgmglfeads gg)rg'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
polymer particles with B-galactosidase activity. The corresponding polymer particles are
isolated and B-galactosidase activity is demonstrated under reducing conditions with the

substrate o-nitrophenyl-beta-D-galactopyranoside (Calbiochem).
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10 DNA fragnents are obtained by PCR which in each case
woOsiR4l/6s0d2Be protein to be BgRserted and foect/m®2003/002799
C-termnal fragment of the polynmer synthase in order to
enabl e fu5| on with the phaC 1 gene. The two fragmants

the Jndbc)ét\ﬂ@e?lr{ﬁegjrfa%e f'(ﬁ il

Wne at a dlstance of 7 nt fromthe start
codqgn, . a ribo

di
IF\%F&@W? ewr@at%ét ﬁﬁr e e Stf%alL @9 %&H%'%?"eo%%%ﬁ'&%‘ae
pB Is$nthhd Jaﬂﬁot"&%%h&fﬁ&n tRd/Edte 88 thefb%dc%iﬂ%me%olﬁﬁer

HR71 FLAG vector used in this case, already has a
partiwdamﬁmt by hlcatmengwsthtdenatumng agenty, n@weas fnemgde godium

d$8 ﬁ ﬁ@?a%g\*éttﬁé)g}#qgggt c@ liolcﬁi(a?{lldg qr gﬁﬂf gthg&l{(} nor gy the use

&a&id&fcohhitrenb yitid & 1ﬂ(ﬁea&wewmqﬁe§eube oft4 esMalht llﬁka(gctﬁéﬁween the
expression vector pBHR71-FLAG is now possible. The

pobaneriparticss a@dtﬂeequzlmmat partiele bindingidgnain gf thegrolymer synthase. The
SRR Y R R A R B o

ifdcRporaedi |llﬂt)Qh@§bl?I>ﬁBf p@-ﬁtl@@to\/tﬁéht Qirget 3fte. ’ﬂfed@-@ﬁdnnus fragment of
colinearly to the present pronoter. In this Ex

thegurfage: Zomeolmhﬂethaés (AN- tetir@nwﬁﬂhq peginnipg ﬁ%‘iﬁ@&?ﬁwed a/B-
t
H R B TEE S Dt AL im b Riplack Bl Thiciof protes
Mg]g%netﬁpmglﬁaeﬁhg inzthoals. Isithis mamnéx polynmeen dyitbase activity and

SYBihcsia oF Bt BUIER R GATE QRS 1ok 8) ot rachat FORPY.

A&Ezﬁ%?%‘%o@ﬁ fg;ﬁ 1781100 Ao 4 ik Jhen&e Suedie FumtitionBBsatiah &

gene usi ng ese primers in ordefr to obtain a
abmnedwlmnh exkibits nlgvﬁtcthsteblhﬂih & moguretod diffeppet pr@ncmg rveitht different

gy ferion S phishdhe Sinfpeiisaivebesiniel e Caye reagents
dfré‘ﬁblﬁﬂ 46 GF F‘dqﬂu@@taﬁbﬁ&!jmﬂﬁltﬁleﬁ)hﬁ? do%iving rise@kdrat i on of

0 polyner particles with P-gal act osi dase activity. The
mmtraﬁwpomhsn@orp@ﬂ‘ therpelypwr particlssurfaee. Thessi prosinsaiapplied in

vr"éﬂ gg laﬁ@mg d as gré&\é{ntﬁ X’flh‘ledlﬁgﬁg éﬁtg %%m%nn%% the synthesis

BatdH dr'iR RRBNYY eldRtRide TAhSEdneP I 1B 06irékpondial iiorobAfahismhich
2004/r62062%3ﬂgCT/ Dezooégéoozmg Exa%?l e 7g St ab% ty

ipfeactheast oot foerpeatpintwith g binflingalopradn-ei ns and t he

pol yner core of the polyner particles Investigations

carried out for the purposes of the invention have

Eaingat ed Flialieridossibififibyfoe modiffinaabesutfion ptotbias 6£thaglobaner

fromthe core of the biodegradable polyner 5 particle
by treatnment with denaturing reagents, such as

Dt PTR RPak A0 A PRI 4RER gt amin

ath®residues from >Alal4l) is hydrophlhc 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.

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
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of acidic conditions. This is indicative of the

wor R0L02s a coval ent |inkagg between the ppPIpERBsa/002799
particles and the polyner particle binding domain of

t he polyner synthase. The elevated stability of the

DAL S SRR IR P WER 05 GE B

patieler byt meastofsubsequékin attwmmnﬂofhislo@fcaﬂﬁamve(ﬁubsthﬁ&s and/or
sur.f ace- bound pol ymer synthase (N-termnus to the
cpRiigIraeg g‘f the conserved a43- hydrol ase domain) is
extremsl y variable and nay be replaced by functional

'lﬁ:gm eins using genetic engineering methods. In this
hterminys (3miso asidresideeframti80) of tha mtraeyﬂnlhrqmlmelf

SBRHEPRE b T8 B Wl oS e
(33689 B, et AS JABSAGTIRBNCVol. qsg(f@qu bmgm %?Aeai&{ﬂlm

is_  obtained which exhibits el evated stabi | Ity
fragmoentrof the ingap¢lblanmolymestdepelymerases idiftised rbe’rgenetlm mglmagnng

h I b
LS B B G A AR R GBee o e

pelypler partislenul t aneously, so giving rise to
mul ti functionalisation of the polyner particle surface.
These proteins are applied in 20 vitro by adding the

TR N-felfhul f@ﬁﬁb@%ld\’i‘eglﬁugﬁgﬁlqlqr}%o%g di ssgI ﬁctg 9, gﬁg to

synt hesi s I'n Vivo by xpress e gen
thersutfaee aftthe pelynred pagicles cofabe gaies pha:ﬂdmﬂqdhaﬂﬁmﬁ m&ud@a@aas

ofetrras bisd 4B Brofain Bahd plvRAT cPTA 1 dbs HelvisF parbeles (Pricto, M.A.
ePA10T EBAterf]. 1999, W3, Mm(3¥§>|p8§58 -B68)CThiEE egﬁlg@gl WFE%L%nﬁ:\pfthe

fragrrent of t'hé’surfaceé tel n phasin
elgprpssumm'oqm olothe gemers pheE ankipkal fis fused-¥yl gdnkliy engineering

PR B b bR aR i o s
ﬁﬁ@hwmrsamﬁmftﬁé SurPlcB O B FOPHRE Crﬂ;ah%le B{ﬂs i ggPSfﬂsldglbﬁny

pol ymer particles. 30 Thi's "anchoring 1

agtivgrsubsiarisics andioeeauplingreagentsl i s reversi bl e (Hanl ey,
S.Z. et al, FEBS Letters 1999, Vol. 447, pp. 99-105).
Thi s C—terrri nal fragment of the i ntracel | ul ar pol yner

Edggﬁlemaﬁleﬁt h&difioaesh dthaaRelcs gr(ﬁéiﬁé HERE ;lp_agtnﬁ DaRIRES With
WO 2004/ 020623 34 P unct1 ona
agounlingfeageni so enabl es functionalisation of the

i cl an f s
T ol fovbiB it TR ket of e FERERaBle rRliaR bafites
mag bp tietgd matopatisic labelling substances which bind specifically to certain
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

themselves be bound to enzymes and so permit progressive functionalisation of the

surface proteins of the biodegradable polymer particles (Rehm, B.H.A. etal., J.
Bacteriol. 1994, Vol. 176, pp. 5639-5647). This functionalisation may proceed by

attachment of antibodies or pharmaceutical active ingredients. Molecules with different
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5 The C-term nus (amno acid residue from>180) of the
Woneomgerdedsar pol ymer depol ggerase of R ewktaRBaos/ /002799
bi nds the enzynme to the core of the polyner particles
(Saegusa, H et al., J. Bacteriol. 2001, Vol. 183(1),
sifacetharde® nay BNoSbeartaliidd il 3kd i

y i 3kder td ﬁ@@ﬂb t?% g('ielgﬁgr particlesa _

intracellul ar pol yner depolynerases iIs yr gene

speraliqeusface gharge wwhechsie gdvantagedusfor tramspbrt phrough/fissic@nwits Oertain
éﬁﬂ} functionalisation of the surface of the 10
pol'ymer particle. The N-term nus (am no acid residue

from <140) of the expression products, bound to the

surface_of the polyner particles, of the genes phal and
Iﬁﬁéims phlysing éw%m 9ashe Birfage proseins of thel polyeep partieles svithobiotin

SRR Y P Ghs 6P Ry B B BINTRIAT (R b5 Faetmpnc plymer

p8ii8le8 Gdhich Hear shebdl@ner syathaéd PIGTHNoR P, Lb@iginsR 88 Boffed from

%%O yuct s _of the_gzges phaF and phal is fused by genetic
TEQBICHRE Ergplt Whish bewrs dheplesid PR e isofasion; the patymer
P SR D0 8 5D s
bpmnt(Stgm-bidriﬂla i%sdhﬂeatddledfto theablugjon ap lty a finak ddnleenn'ation of 5

t ances and/or co i ng.reagents. 20 Examle 8:
i, Thistctinga minatest Pxorashing adbin 26ks Sypiswiss facution et 4°C.
DRAJUOE O B bidth Ksunditd the éﬁnfc@élﬂlrfaw i ﬁ%@&d Wit (e Q.{gfs'ca[ﬁ%e of
e abl'e

shown |n_Fh&ute 1 on the surface o I odegr ad
theatrpperidinralkalinephosplaass e onjugate €Sligmiat Aldsioh)rarfd @nitrophenyl
i subst ance ich bind specifically to certain

ph BB LTS PR R Rk B e RIS oS B ot
béen treasddn@ith nHydfoxgBRRImSideMotit, LRCMBALs & ndti Xhidl feliink
actjve substances, such as for exanple of biotin by
phospbalaserasvile- nedi at ed | i nkage to cysteine. Ml ecul es,
such as biotin, then effect a further |inkage of

bi ol ogi cal |y active substances onto the surface
Irpadditiornes thé etdngsies liseal hereth@ahie rﬁbxﬁ,,sotha_tf&%ﬂih@gégg&ﬁs for

Yy

gJar examl avidin or streptavidin which nma )
liplng bioloaical lyactive, Rebstagces yifthihs assigtargs qfevhich the surface proteins

j i ' ' of ..: surface proteins

og@@? Egﬁg::rg%g%ﬁéﬁ%@g%g%%a%&arcﬁ%?%s (Rehm B.H A et

al ., J Bacteriol. 1994, Vol. 176, pp. 5639-5647).

This functionalisation nay proceed by attachnent of

anti bodi es or pharmaceutical active ingredients.

Mol ecul es with different W 2004/ 020623 35

PCT/ DE2003/ 002799 surface charges may al so be attached

in order to inpart to the polymer particles a
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specifi c surface charge which is advantageous for
g&ﬁgg%sghr ough/fusion withecertain menmbpapE2083/002799
I'tng of |ysine residues on the surface proteins of
the pol ymer particles with biotin is achieved by neans
f. n-hydroxysuccinimde biotin. In this experinent,
g@%ﬁmr particles which bear the pol ymer synthase PhaC
1 fromP. aeruginosa are isolated from reconbi nant E.

coli which bears the plasnid pHBR71. After isolation,

Ithe pbpipsess fopthetpredustion pEbindegredrblepalemer pasticlenwhigh

(pH %og_gglng&shed and n- hydroxysuccinimde 10 biotin

(Si gnma- I'ch) is then added to the solution up to a
finala)ycon ciﬁmbdumbﬂ of aff ledst oﬁévindihblergeae irtoa niliBroorganism, wherein
t erm nat ed washlnigaaln after m nyt e cubati on

at 4C, DéP"eB?flecﬁ?dS"r %ﬁ@r%rﬂatwmclbwl% eﬁ’ﬁ@"ﬁ Rolyrger
surface i apt?d'l%{ d with the assistance of the

strept avi di n-al kal 1 ne phosphat ase conj ugat e

(Si grtg- A Mtﬂa}ioanﬂﬂm-nﬁbtaw@ﬁmyﬁth;ﬁhhsﬁhabﬁthe at least one

(Cal bi oche substrate. l.n the cont tch

bar t1 ol oo TR REFEStHE e B sty editim sy conditions which
n- hydr oxy Si#¢ Gihithble 3¢ tHei Rbdktioh B?ﬂﬁ%éde@l‘ﬁﬁbl@?ol}%er particles by
exhibit al kaline phosphatase activity.” In addition to

t he exanpltbenii¢ropxgdnisex e, there are many ot her coupling
reagents for |linking biologically active substances
with the assistance of which the surface proteins 20 of

1.he pObydress &abiding ©%1diold whefbin) 9k Staf@y), Bparﬁﬁrbmvtﬁé @dleast one
WO 2004/ 020623 36 PCT/ DE2003/ 002799 ~d ‘ai s

pr ocdndudije geprwhicbgades fona proteip wwmgsl%hb Sz ﬁﬁthe polymer
part 'p%.rt?cﬁes\f\h{dl‘égst oﬁg ﬂH‘[Hef' §§ne \?h:@ﬂ cof)c[gs rfgldé'gltoié?]'i‘ nﬂ{l\%\%ﬁ in the

| east™ one rn rnto a mcroorgani sm

t he defpatimcsshd pdslyﬁleppartxellemlsvihlr@ducemnt rols the size of
the polyner particles; and b) cultivation of the
m croorgani smw th induction of the at |east one

nduck ﬂgqghgép
3cond| t E(}J(ﬁzg @Hr?él%%édrl@ 2;f‘)lj‘llﬂtca gﬁ%EééiEtﬁoe pro uc%é Pgﬁ)h%)
t he hdodelefpr adﬁdstlem ipoblyedkin thafdrimatiess obthe pohyener particles codes for a
mcr&gwamsm : ocess according to claiml,
wher aspf ?#agésearakfiﬁ??f WPABAT: he at | east one
i nduci bl e gene which codes for a protein which controls

the size of the polynmer 15 particles, at |east one
4.ur t héprapessacsbiding wadsm I, ovheeipthetat lqast oneduthet gene which

codes for a protein involved in the formation of the polymer particles codes for
phaA thiolase, phaB ketoacyl reductase or phaC synthase from Ralstonia
eutropha.

5. A process according to any one of the preceding claims, wherein the at least one
inducible gene which codes for a protein which controls the size of the polymer

particles is derived from the family of phasin-like proteins.

6. A process according to claim 5, wherein the at least one inducible gene which

codes for a protein which controls the size of the polymer particles is selected
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formati on of the polyner particles is introduced. 3. A
Wor 98Rye268230r di ng to claim 2z7wherein the abc*ﬁﬁﬁboﬂnﬁz7gg
further gene which codes for a protein involved in the
formati on of the polynmer particles codes for a 20

t hi ol

pr oc &t the b UEh AR the BBt KR oK iR Rejordhia Byroph and
furt hhaerplwnﬁgenmpth ﬁondﬁ&uﬁayﬁormsraﬂaJtvemmJ nvol ved in the
formati on of the polynmer particles codes for phaA

t hi ol ase, phaB ketoacyl reduct ase or phaC synthase from

Ral s (;?Bfo@e%%c%ﬁif Qne &ﬂ&gf&é&néﬁﬁ%g'wﬂﬁélﬂ aP¥st one

one the prece a| ns erein the at | east one

i ndu @dﬂitmngi@wae Whmﬂrodosdﬁs aftisiolase pnddom polyimec syntlase isol s
the size, of .t he particles is derived fromthe
f ami (YTredu B‘i‘w%ﬁ’ﬂp ﬁe proteins. 30 6. A process
according to claim5, wherein the at |east one

i nduci bl e gene which codes for a protein which

& ont rlopmcessaceordingdp any engpof therprecpding cclairas, whereinjableagtpne

WO 2 4 o5 10,

P/ LR D80-Betopatyifs bdpons odnl meterabl arlses gne
gene hylaRyffawyadia hﬁd/aﬂataea%ubm@mbﬁapta datty !ited RhdI6H &t 1g806ne B-
phaF from Pseudonpnas_ ol eovorans process accordi ng

to ar@yna@wéatfdfaqdwlé igFesduser ngp aiumre mmrmaﬁ agy ﬂtrééﬁsﬁor the
one P"ﬂl fiflegc0des for a thiolase and/or
a poI ymar synt eag(g%g I'n {lroduced into the cell. A
process according to any one of the preceding clains,

wherej n at |east,_ one
9. A process according to any one of the preceding claims, wherein the substrate is

added to the culture medium in such a quantity that it is sufficient to ensure

control of the size of the polymer particles.

10. 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.

11. A process according to claim 10, wherein the microorganism used is selected
from the group comprising Ralstonia eutropha, Alcaligenes latus, Escherichia
coli, Pseudomonas fragi, Pseudomonas putida, Pseudomonas oleovorans,
Pseudomonas aeruginosa, Pseudomonas fluorescens, and Halobiforma

haloterrestris.

12. 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.
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fatty acid with functional side groups and particularly

Wo' edcw/abbepzat | east one hydpgxy fatty aci dpendiEabostooz799
| east one nmercapto fatty acid and/or at |east one

amno fatty acid is introduced into the culture nmedi um

133 a.ﬁp%ggs%tc&tfdﬁ{ tbREih AP TBhERM £fi ihh%repiﬂo%i&ﬁron the surface of
particfes. procgss according to a%y ne of the

pr ec ek pglymkenparticlesizeseparateti Hieons thepolyaner pasticlesddeaingdaccording

the culture nediumin_such guantity that jt Is "
suf 1 1@ Hrfropess Ghedine 12 3 Eeplace PY iBicklayes ofjanpiher composition.
pol ynmer particles. A process according to any one of

the preceding clainms, wherein the microorganismused
I4s seh poicess dccondingte age nee af he ppaceding glaiak,swhareia particle size is

Al cal | S, .. Pseu nas.and..Hal obi.f orna. A pr

P or R E A o AR EPEIRIE et i L g B e oty mer
i s sqlaafdl@forthéPRavehadishePoC IR itS B fgn, Faéfefably &diameter of 10
eutropha, Al caligenes |atus, Escherichia coli,

Ps eudbirh 20 mmagid paptieiarbrisatesably e dinmeted 1§ abipa00 nm.

ol eovorans, 25 Pseudonobnas aerugi nosa,
Pseudononasf | uorescens, and Hal obi f or ma

152l ot R preeess dcgording toAlqimolcarsdaiAc, avitkraig thicoat dengt ameindihcible

the preceding c|ainms, wherein the cultiyvated )
mi cr @SPg HRTosHgedinstage &) M&@&Oﬂ# ER PEICRIRD rentrnls th size of

debr | 2 BB R ES0 E5mo i G G s lghitgn Rl deeas
Pocatiog on tha <ot g of - the. ol yrEr Sart cles e
separarans p oo ERyR svbses REUSE tnk o8l or i ng

to the process of claim12 and replaced by a lipid

| ayer of another conposition. 5 14. A process according
k6o and poressdccotdingstoatadn 2h gvherean the, at idastrasierfuphgrtdent introduced

trolled by the at .l east,. i ndugi bl
" dbiagS ALhER Bries oy hErayi e 8 s IPeiomo fipg BOGmer
have O@nﬂ%@s{%ﬁs@é a pOlyhier b&ti%félbiﬂitﬁﬁ% séﬁhin}émd atlicasine binding

of 1 ] )0 nm and particularly preferably a
di amedesnainfwhegeinthe o laaspong binding demainas sapablssef binding a

according. to claimil or claj rej he at | east
one .'ﬂ&"@fg}%ﬁ ac‘b"éfﬁé‘%?‘ﬁ‘%"re&a‘ﬁ}é’ga%P‘#?“@’?aigée&gs- whi ch codes
for a protein which controls the size of the polyner
&ﬁrti cles conprises a poI]yrrer particle bindi n(lg domai n

d o presgss accerdingiortdnifgl LR 1 Gy Hdeesim therpolymen pagtigle
one tﬂiﬂ&’ih& gogﬁmo?nﬂrﬁegﬁzﬂ-?gf aepB{ein bound to the surface of the polymer

particle, wherein the protein is selected from the group comprising a polymer
depolymerase, a polymer regulator, a polymer synthase and a particle size-

controlling protein.

18. A process according to claim 15, 16 or 17, wherein the at least one binding
domain which is capable of binding a biologically active substance and/or a

coupling reagent is selected from the group comprising oligopeptides, enzymes,

abzymes or non-catalytic proteins.
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bi ndi ng a biologically active substance and/or a
woopgd4/0goézeagent . 15 16. A pracess accor di ngct/meebéd Mo2799
2, wherein the at |east one further gene introduced in
stage a) mhich codes for a protein involved in the

1fgor ' I :
e s pRRet fot B8 1 SIoHTEbdudiRh o BloSB g SHHIE bOfthe? pAc kT Bhich
donamnnmmhereln the at Ieast one blndlng domain is

capabl e of bLndin a 2Q bial active substance

and/ & a GEOHPPRGY F‘é alytnr siiegto s aticle foppation i at least
claim 15 QheGLRdtMel6, Wherein the polymer particle

bi ndi ng domai n conprlses part of a protein bound to the
sur f &e ofinréduction ynte the sohutioneif @ prothierwiioh issuitpd ot @introlling

Is sel ect f.ro he roup onprising a polynmer 25
depol yner ig%sm%l é’éﬁt g%gbfimd a pol ynmer synt hase
and g)par tmeb@cﬁbﬁ of atqeast bAd furfher progdfileivhichli§ invOledes BfeS
according to claim15, 16 or 17, wherein the at |east

one bi ndi Hgrmafismenfihapelymer parielpsbl e of bi nding a
bi ol ogically active substance and/or a 30 coupling
reagent is selected fromthe group conpri sing

200 i goppnicesiekcorditptorRiaim 18DuyeRn A lea3poneclatif layidiand an acyl CoA
protei ns. WO 2004/ 020623 39 .PCT/ DE2003/ 002799 19, A
pr oc &xidase js added fo;the P‘PIPB%F‘H’@Q&? pekymsy pemstfefaflaem g stage a)

pol yrfgfmg%ﬁﬁaqﬂgﬁ%fmm S§gs: a) provision of a

solution suite partlcleformatlon with at
| east one substrate 5 b) introduction into the
slolut on of a roteln V\hlchlss te%@to contro

I
Procgs acrrdp o Apy ops Pt ¢laimss sv)*wtem,.nbataet F Dot least
Of atonk 8a6tral e allidd ©8he Rﬂﬁ’ﬁ(ﬁi éi‘ut%" td:]Po ell %&é‘géﬁé ggmia?lgn in

the formation of the polyner partic
22. 20ch a quantity that it is sufficient to ensure control of the size of the polymer

particles.

22. A process according to claims 19 to 21, wherein, in stage b), a polymer particle
size-controlling protein is introduced which is derived from the family of

phasin-like proteins.

23. A process according to claim 22, wherein, in stage b), a polymer particle size-
controlling protein is introduced which is selected from the group comprising
the phasin from Ralstonia eutropha and the phasin from Pseudomonas

oleovorans.
24. A process according to any one of claims 19 to 23, wherein the at least one
further protein involved in polymer particle formation used in stage c) is a

polymer synthase.

25. A process according to claim 24, wherein the at least one further protein

involved in polymer particle formation used in stage c) is a polymer synthase
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23. 25 24. 30 25. A process according to claim19,
Wwohao®i/f02e623 east one fatty agipd and an acyl pE®/bE2003/002799
oxi dase is added to the solution suited to pol yner
particle formation in stage a) for the formation of

t he REYERS [ Hrlitsi ' 0_an ne
of cl ains fg%feﬁﬁdﬁﬁﬁe@%ﬁ, I'n é@%g@wa%m@%%t on&ﬁe
substernaopha. . alideerans, R. \patidobnd Porersginbgd to pol yner

particle formation in such a quantity that it is
sufficient to ensure control of the size of the polyner

26ar LA pRBessACRSraiRI6 cREA 6D Bith27CWhbEH the pbRnfel synthase is
wherein, in stage b), a polynmer particle
si ze-2ddt toghe sqlution imtsapina iquaritity thatlitéesiiffitienttoieasute contad of

from ?m jn-1ike proteins. A process
acco}ﬁﬁé‘; 0 %:iéglslkleﬁggr%\%kg'rei n, in stage b), a polyner
particle size- controlling protein is introduced which

2’5 sel ected fromthe group conprisi ng the phasin from
lﬁ’?al stHPROSESS BEFURING ta ARy eRrofalainis 1ite 3fh whereimoinstags a), at least
ol eo : ' ny..one,of clains 19
Lo 250 Pmath RIcAAF S0 a8y cRds Sci u¥ Sigieat

i nvol ved in polyner particle formation used in stage c)

LS a ol ymer synthase. A cess according to claim

25'4, &&P&%’Sﬁ aP‘ifPéX‘é‘S 9 @%?n%fﬁré?ﬁlwﬁﬁ &9 2B, whesein, in erden to eantrol
i N peleydBRipoRRfohiof i | ' ' LS

pol ymer sypn.t hao_se Vl\% %%5%’%2%2%%% 6é%§£' %@5’8‘%}- B%Eglggat least
whi c hn¢ ampkipbidicedoltewefromethe gmup of physphslipids tidethed IypTes is
synt fromR. . tropha, P. ol eovorans, P. putida

and E’&‘feget?ﬁlbﬁ Sr%létﬁ).n% S%pﬁ'?'ocess according to claim 26

or claim27, wherein the polynmer synthase is 5 added

to the solution in such a quantity that it is
28.uf f AchTesrss aerosding teanyoenerasiclaims 19 he28;iwiereih at leest one of the

pol yHE)'ieiR@fn‘r’oﬁlln?e%'in stages b) and c} 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. A process according to claim 29, wherein the polymer particle binding domain is
part of the protein bound to the surface of the polymer particle, wherein the
protein is selected from the group comprising a polymer depolymerase, a

polymer regulator, a polymer synthase and a particle size-controlling protein.

31. A process according to claim 29 or claim 30, wherein the at least one binding
domain which is capable of binding a biologically active substance and/or a
coupling reagent is selected from the group comprising oligopeptides, enzymes,

abzymes or non-catalytic proteins,

32. A polymer particle of defined size, with a surface layer of amphiphilic

molecules, into which [is introduced] at least one protein which is selected from
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27. A process according to any one of clains 21 to 26,
wWh12064 b20kss Stage a), at leagy one pharmc%/ﬁﬁde!/oozvgs
active substance is added to the solution. 10 28.

process according to any one of claims 21 to 29,

1o P B BRtFiiced R bopo B8 DR s8Rl € gptymer
| eastsynthase antpdpaticleistzeribll@siclg frowein, Wherei tieft &fast one protein

phosphol i pi ds and ether lipids is , added to the
sol ut WQS'PPI?SF%%PQItYE}ff aymCEeblg@ng doppinand @ binding dpmaingwhich is

oY, S8 of bR ol il R e 95} IR

such that it conprlses a polyner particle binding
orralnadat sto b|n ng, do wherein the at

astA®R ‘i’w‘:’ fog H%J%Pg)%lé‘f’e%?%a’f ip a process
bi ol o&gs&%édyin@%ﬁlgqtgg?st ance 20 and/or a coupling

reagent. . A process according to claim?29, wherein
the polyner particle binding domain is part of the

dto th f f the ticl .
or Rk EE P Bk LS afoRafe e TR 178 5 Bahe production a
conprpm:ﬁgce@nealpymatmapg YotRIdR DR a herbidid@ol ymer

regulator, a polymer synthase and a particle
size-controlling protein. 31. A process according to

o Pkl 41 e Mg s L Bl S Sfable

act i vior thetiedatiient oflidibeaies af the @uiitkdl AgrvoaagRfdm.i S sel ect ed
fromthe group conprising oligopeptides, enzynes, 30

abzymes or non-catal ytic proteins. 32. A polyner
particle of defined size, with a surface |ayer of

anmphi philic nolecules, into which [is introduced] at

| east one protein which is selected from WO 2004/ 020623
41 PCT/ DE2003/ 002799 the group conprising a pol yner
depol ynerase, a polynmer regulator, a polynmer synthase
and a particle size-influencing protein, wherein the at
| east one protein conprises a polyner particle binding
domai n and a bi nding domain which is capabl e of

bi nding a biologically active substance and/or a
coupling reagent. 5 33. A polyner particle according to
cl aim 32, produced according to a process



described in clainms 1 to 33. 34. Use of the pol ynmer

warbbsissarcording to clainmgg32 or 33 for tfe/pp2003/002799
production a 10 pharmaceutical preparation, a
pesticide or a herbicide. 35. Use according to claim

34, wherein the pharnmaceug] gegée“?t{n?par ation is suitable

for the treatnent of di sea €s o he central nervous

W eReMBEDBORIOEFE23 49 Sequence i sting
AP DE2GOS f& @2 pRAuctdnld biolRgRaablePlivhdibnalifde plynidr Partictel & use thereof

Pr ocesgﬁﬁaﬁgacglpgal é)%ctl on of bi odegradabl e,

functl 0 ner particles and use thereof as
& @488 cal supports <130> P200428 <150> DE 102 40
«QS@L 0 pE{B 3p02@02- 08- 30 <160> 15 <170> Patent!|n
Si <210> 1 <211> 29 <212> DNA <213>
é,é\rg[l chl:}ozg?&o<220> <223> Prinmer <400> 1 aaaggcccca
t16¢t cdfcac cccggaaca 29 <210> 2 <211> 33 <212> DNA
<478:3> PilehtinfvegioRb 2 <220> <223> Primer <400> 2

<210> 1
<211> 29
<212> DNA
<213>  Artificial
<220>
<223>  Primer

<400> 1

aaaggeccca tggtcctcac cccggaaca 28
<2l10> 2
<211> 33
<212> DNA
<213>  Artificial
<220>
<223>  Primer

<400> 2

aaaggccgga tectcaggge actaccttea teg 33



aaaggccgga tcctcagggc actaccttca tcg 33 WO 2004/ 020623
WD 2pCA/ 288203/ 002799 <210> 3 5<211> 708 <2 LR
<213> Artificial <220> <223> Sequence cont z]ﬁ%ﬁé 037002799
phaP-codi ng DNA from R eutropha <400> 3 aaaggcccca
f9@&t ccx cac cccggaacaa gttgcagcag cgcaaaaggc caacctcgaa
80> acgetgttcg gcectgaccac caaggegttt gaaggegtcg
aaaagctcgt cgagctgaac 120 ctacaagtcg tcaagacttc
HHPcgd¥ha ggcgtt gaca acgccaagaa ggeget gtcg 180
Qrraagdgffigh cacaggaact gctggccatc caggccgcag ccgtgcagcc
gt gccgaa 240 aagaccctgg cctacacccg ccacct gt at
%aaatcgctt cggaaaccca gagcgagttc 300 accaaggtag
efagFequgerce autajiy oipgaadigpiNA gaagauAggs gcaggc gct ggt cgag
2ffd> gacctcgcca agaacgcccc ggecggttcg gaatcgaccg
LOSESRALE 420 atctccgctg ccaacaacgc
c%gg gagt g%’ag‘?gg%‘g ggg oiEY o%tégﬁac,gﬁ %\ﬁgﬁﬁaﬁ% cofEGtegaa 60
SELYPHOR OB LaLGycHIT! &Q%cégggﬁcgg&acga?@&ggt 9C120
ccagccagcc 540 agcgccacgg cccgtacggc cacggcadag
ai9gRrIsae Feertagt vt ght@camhometgugcH B0gcdabgangadgetgtcg 180
accggct gc ccggtccgt tggcaaagca tatcgacgcc tggecgtttgce
%‘é’ﬁgg%a‘d?g“gé?qﬁtgﬁi‘“g@E%Gé&@%fgcaaa“g?gﬁanggﬁtgsevmmgcgaa 240
oTel £08..< > 4 211> 34 212> DNA <213>
et e °‘é§2°f§§°%r?aﬁ%tr°9“€f468%aa&°%°£agwe*mc 300
YPaiguyanageBAGOH bEgcafaaddygdtegaddd e gcaage gctggtcgag 360

aacctegcca agaacgecce ggecggtteg gaatcgacey tggecategt gaagteggeg 420

atcteoogetg ccaacaacge ctacgagtcg gtgecagaagg cgaccaagea ageggtcgaa 480
atcgetgaaa ccaactteca ggctgegget acggetgeca ceaaggetge ccagcaagee 540
agegecacgg cccgtacgge cacggcaaag aagacgacgg ctgectgata actgectgeg 600

ttgaagatgg aceggctgeg geeggteegt tggeaaagea tatcgacgce tggegtttge 660

ggtgtgtttt gccaacgatg aaggtagtge cctgaggate cggoettt 708
<210> 4
<21> 34
<212> DNA
<213>  Artificial
<220>
<223>  Primer
<400> 4
aaagggccat ggctggcaag aagaattceg agaa 34
<210> 5
<211> 39
<212> DNA
<213>  Anificial
<220>
<223>  Primer
<400> §

aaagggggat cctcagatca gggtaccggt gcctgtotg 39




.

<211> 39 <212> DNA <213> Artificial <220> <223>

wd RO®I/0206d30> 5 aaagggggat cehcagatca gggt agege2003/002799

gcctgtctg 39 WD 2004/ 020623 51 PCT/ DE2003/ 002799 <210>

6 <211> 793 <212> DNA <213> Artificial <220> <223>

4§gﬁueqpe contai ns phaF-coding DNA from P. ol eovorans

<400> aaagggccat ggctggcaag aagaattccg agaaagaagg

‘géﬁbté@?gg gt cggcggga 60 tcgagaagta ctcccgcaag

At gdiNAgyg cggggettgg tatctattcg aagatcgacc 120
B9PAcCyg6kSy Jaagect gttc gactcgect gg taaaggat gg cgagaaggcc

%% aacagg 180 cgaagaagac cgoagaagat gttgctgaaa
%bcaagtc gt cgaccact tcgcgtgtgt 240 cgggcgtgaa

QURC C Feq e Conly pPREGOIIGIRYL oM elolLgragaggcc ttcgacaagce

300 gcctgaacag tgccgacccg cgccttggcg t gccgagccg

at t 360 t
B R e L S

Ggidab G et OLHLAG! HERHR64 2GRV dy! BAIRMGRT AGHIYEHICC 120
aagccactgg 480 ccacgacggc agcggccaag cctgcggcaa

agINQYYCYY aBELRR]GLYc oy ceaagetd bgageageagngegmcagy 180
t aaacct gct gccaagactg cggcggccaa gcctgcggecg aaaccggcag

FHBRBITRT a%ﬁeéa@gcwﬂg@ma FAWMEAFTCt grWagtaghagaeatotat 240

RS A s A e

C&Eﬁ&ﬁ@&;ﬂg&%ﬂ@&%ﬁ%@t&%& QSEJng c%g&?&?&ﬂ&é LYeaLEHI A 360
ccctgatctg 780 aggatggccc ttt /9 <210> 7

accagcaggt ggacagectg accaagecaga tcgagaaact caccggeget teggttacee 420
cgatttecgtc gegecactgeca gocaamaccgg ctgcgageaa ggeggcggec aagecactgg 480
ccaagacggc agcggccaag cctgeggeaa adaaccgcgde agccaagccg geageraagg 540
cocgeagogge taaacctget gocaagactg cggeggecaa gectgoggeg aaaccggcad 600
cggccaaace ggctgtggeg aagaagcctg cagtgaagaa agecaccggece aagecggeag 660
ctecgecaagee ggeageteca geggcocagcg cegetcecgge cgectagegea gtteggogec 720
cactgegget cocggocagea accogectte ggeacagacz ggcaccggta coctgatctg 780
aggatcccoe ttt 793

<210> 7

<2l> 54

<212> DNA

<213>  Artificial

<220>

<223>  Primer

<400> 7

gggetctaga aataaggaga tatacatatg tgttgtaaga acaataacga gctt 54




<211> 54 <212> DNA <213> Artificial <220> <223>

wer ows/o26€d¥0> 7 gggct ct aga aabaaggaga t at acatepmE2003/002799

tgttgtaaga acaataacga gctt 54 WO 2004/ 020623 <210> 8

<211> 29 <212> DNA <213> Artificial <220> <223>

Big-nerg <400> 8 aaacgcggat ccttttcatc gttcatgca 52

5?‘}/ 003/ 002799 29 <210> 9 <211> 1722 <212> DNA
3>"Artificial <220> <223> Sequence contains the DNA

@68 ndPN%r PhaCl from P. aerugi nosa <400> 9 gggctctaga

Ap-aagga@a t atacatat g tgttgtaaga acaat aacga gcttcccaag

<gg>caagccgcgg aaaacacgct gaacctgaat ccggtgatcg
Datccgggg caaggacctg 120

<LZrgctPrimag gcggt gcgcc agccgct gca cagcgacagg 180

caeed ggcgc atttcagcct ggagctgaag aacgtcctge tcggecagtc

ct cacctccg cgcgcat ggt

G aSdg880 6240 a1cCaaReERkY acgaccgacg cttttccgat

29
ccggcctgga gccagaatcc actgtacaag 300 cgctacatgc
Sfgpccigacct ggect ggcge aaggagcet gc acagct ggat cagccacagce
360
<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 gcttcccaag 60
caagcegegy aaaacacgcet gaacctgaat ceggtgatcg geatecqggy caaggacctg 120
ctcacctecy cgcgecatggt cctgcteccag geggtgegec agecgotgea cagegecagg 180
cacgtggege atticagect ggagctgaag aacgtectge teggecagte ggagetacge 240
ccaggegatg acgaccgacyg cttttccgat ccggectgga geocagaatce actgtacaag 300
cgctacatgc agacctacct ggoctggoge aaggagctge acagetggat cagccacage 360
gacctgtege cgcaggacat cagtegtgge cagttegtea tecaacctget gacegaggeg 420
atgtogocga ccaacagect gageaacceg goggeggtca agegettott cgagaccgge 480
ggcaagagec tgctggacgg ccteggecac ctggccaagg acctggtgaa caacggeggg 540
atgcegagec aggtggacat ggacgcctte gaggtgggca agaacctggo caccaccgag 600
ggegecgtgg tgttccgoaa cgacgtgetg gaactgatec agtaccggec gatcacegag 660




gaact gt cgc cgcaggacat cagtcgtggc cagttcgtca tcaacctgct
waeewggeer3420 at gtcgccga cgaacagcct gagcagesfs2003/002799
gcggcggt ca agcgcttctt cgagaccggc 480 ggcaagagcc

t gct ggacgg cctcggccac ctggccaagg acctggtgaa caacggcggg

540 = at gccgagcc aggt ggacat ggacgccttc gaggt gggca
aﬁéﬁwga %e%icea%gafgwmg FHeTceT feeacgeaticefeaatctte 720

C cc _gaccaccgaq 660

P55 a0 31 LB i BB 09 06e- I SEREEHRE eneege: o0
Qticgtiaggt GgcEBR6EE FerabRgCaARdgattl e cetdde dltatate 940
gacct gt cgc cggacaagag cctggcgcgc ttctgectcc gcaacggcegt

edctrd @gISEIccalt copobitt qfgtopebe ccorageaagiaegtcaac 900
gﬁgg anat cctgac cacctatatc 840 gaggcgctca
agus gce%t"cg‘g%gg?gagwa&?agf%E%C%gg@é@m ¢gaekagenac 960

t C c at cacc .accgcgagccc

e e L B S R O ety 1020
catatdeads ¢ cfaReOgbRggl Habsdrsd b68R864H Jdelhttce 1080
aat acccagg tcgcgctgtt cgccgacgag aagactctgg aggccgccaa

FRIFCET @cTOBOIIR ggasazfsec gud §getcggrgagggagtcece 1140
g?g ?g agq E ttcgcct éﬁ?ggggggﬁ 1140 aacgacctga
£ Eagcgie%ac ?qgé‘a‘@‘?"c?éggg RBT SEETRFETIT §EReTaRc @cez'@qs@@gcglzoo
I LEC GRE adl €42G1A92a ¢ (e
ccggggbgc? d%%ggézgagg%%6o g?@%?%ﬁ%%%”?%%%%%%g%bgag 1260
daagiogead ¢ gEaREgRC CoGcaogf Catfac@l b6 268G du3dthegge 1320

acgcocat cg acctgaagca ggtgacttgc gacttctact gtgtcgccgg
tCAERFAL B BCIIBAI A ST AR EATR (TaeECafagta-cgeayot trsassFgac 1380

t 1440 ttcatcctct
AR o R - S0 ook Eostonyigy asteERRaghHY
120k co8i®ne8Eddugydt Q%Qﬁéﬁgcagg%@@éag gg&ag&g‘égatgﬁg&c%aag 1500

aggcct ggct ggaacaggcc 1560 “ggcaagcacg ccgactcgig

glegedatyen ¢t g gge Ry aRlacigrgt geeRgacal §fdcCEqe ghedéhggee 1560
aagacccgca aggcgcccge cggcectggge aacaagacct atccggecgg

HFRAFCLGE GF Bgth@i?g'@tg&é‘éttga%agFWaggfﬁnggatZ@aaga:ggc 1620
1722 <210> 10  X21 1> 36 <212> DNA
%%ﬁécg’%g‘?atg%?‘%ct&cﬁ'fgc %%ﬁ%)@g%‘“zf@'i“ﬁ??%?“"“ccgg cgaagocgeg 1680

cceggaacct acgtgeatga acgatgazaa ggatcegegt tt 1722
<210> 10
211> 36
<212> DNA
<213>  Artificial
<220>
<223>  Primer
<400> 10
tatgactagt gattataaag atgatgatga taaaca ' 36
<210> 11
211> 36
<212> DNA
<213>  Artificial
<220>
<223>  Primer
<400> 11
tatgtttate atcatcateot ttataatcac tagtea 38

<210> 12




<400> 10 tatgactagt gattataaag atgatgatga taaaca <210>
wol 200420686 <212> DNA <2133 Artificial ﬁg%zﬁagﬁhg-;gg
Primer <400> 11 tatgtttatc atcatcctct ttataatcac
tagtca 36 36 <210> 12 WO 2004/ 020623 54
<a€E/DEZQ03/002799 <211> 1716 <212> DNA <213>

%, | J@I <220> <223> Sequence contains the DNA
[ofo) éﬁ# PhaC 1 from P. aerugi nosa and the DNA codi ng
R a ArifichS epi t ope WD 2004/ 020623 PCT/ DE2003/ 002799
H5><400> 12 atgactagtg attataaaga t gat gat gat aaacatatga

%gcag%’ &%a caat aacg}b@ cttcccaagc aagccgcgg

cacREY* SR e IR oding fgskheghirant coysiaye a@z@r DNA coding for a
aaggaditagepitapacct ccgc gogcatggtc ctgctccagg cggtgcgcca
gccgctgcac 180 agcgccaggc acgtggcgca tttcagectg

gagct gaaga acgtcctgct cggccagtcg 240 gaggtactcc
caggcgat ga cgaccgacgc ttttccgatc cggcctggag coagaatcca
300 ctgtacaagc gctacatgca gacctacctg gcgtggcgca

aggagot gca cagctggatc 360 agccacagcg acctgtcgcc
gcaggacat c agtcgtggcc agttcgtoat caacctgctg 420



accgaggcga tgtcgccgac caacagcctg agcaacccgg cggcggtcaa
Wwrgodd/okb623180 gagaccggcg geaagagcct gct 99e8@8E2003/002799
ct cggccacc tggccaagga cctggtgaac 540 aacggcggga

t gccgagcca ggtggacatg gacgccttcg aggtgggcaa gaacctggcc

6Q@p0-2CL£ACCgagg gecgeecgt ggt gttccgcaac gacgtgetgg

ageddaeh @ cacga
e S A Wilhcrns 0
t atgicctdgegaRECiGhe GeicpganAagiggatt Gaeoedaly Latdeedfcy 120
caacggccgtg 780 cagaccttca tcgtcagttg gcgcaacccg

aBRIFAGT IGc L BGEREg R FCTLAY gefer ERprt eceRd (cgghamier gtogptgcac 180
a ctcaa aggccat o gaggt agt cc t gt cgatcac cggcagcaag
OR8N Dol Sstinl e hroari aotaresion | 240
c t L&Ags Ca& C

T e ol e LR Bl BB 300
t ctgfacsdagagathengea ggtctagamc faitheogge CiasdR G 29atLedt@da 360
ggccgccaag 1080 cgtcgttcct accagtccgg cgtgctggag

g §LHAGRAT P 1 GGevaagHIge eyt CgtpIte ATt t et gy cammagcty 420
a at, ¢t ggaact ac_t t caaca actacctgct cggcaaccag
(500860 RN Bl SEPReg s P b as bRt 480
C GEe64dIGCoRE6LBEIGELLIRR CREAACHAGLcIAHL I8 gaae 540
gt t caagagc aacccgctga accgccccgg cgcccCtggag 13
ge¥ggeqdye at TgoeIred Ggtyge citgagygacttay Gaotdogcsn gaddceiqet § 600
t tcgq&g t 1380 ctgaacgacc acatcacccc ctgggagtcg

t BRHERRAE 9GRS GE oGNS 9 SOt by atRsgEsccs 660
t C c cacat ccaga,.gcat cctcaa cccaccgggc

1 EECEh CoBRRBEN ANecE00T, SORNM T Tuit el et e
CEGAYERZ 3 BYGI00 GhLhal R cU885RE00C0, Q0206 MGgt T80
cgactcgtgg tggttgcact ggcagcaatg gctgcccgaa 162
cergactiygaatcgyeant by gegragguycamgas:cag GOt grgss agmagaeet a 840

t ccggeccgge 1680 gaagccgc
ﬁa%giaszwgfswzia g9agc

C ccggaaccta cgtgcatgaa cgatga
COURTAr TEOG Xgtagmtcac cggcageaag

gco

"SRRG, S B st B R o
t §figtggecca goggeqagaa gaaggtcaac gecttcacce aactggteoag cgtgetegac 1020
ttegaactga atacccaggt cgegetgtte gecgacgaga agactctgga ggecgccaag 1080
cgtegttcct accagtcegg cgtgetggag ggcaaggaca tggccaaggt gttcgectgg 1140
atgegeccca acgacctgat ctggaactac tgggtcaaca actacctgct cggoaaccag 1200
ccgceggegt tcgacatect ctactggaac aacgacacca cgegectgec cgocgegety 1260
cacggegagt tegtogaact gttcaagage aacccgetga accgeccegq cgccctggag 1320
gtcteeggea cgcccatega cetgaageag gtgacttgeg acttctaetg tgtegecggt 1380
ctgaacgacc acatcaccec ctgggagtceg tgotacaagt cggecagget getgggtgge 1440
aagtbcgagt tcatcctcte caacageggt cacatccaga geatcctcaa ccocaccggge 1500
aaccccaagg cacgettcat gaccaateeg gaactgeceg ccgageccaa ggockggetg 1560
gaacaggccg geaageacge cgactcgtgg tgottgeact ggeageaatg getggecgaa 1620
cgeteeggea agaccegoaa ggegeccgee agoctgggea acaagaceta tecggecgge 1680
gaagcegege ccggaaccta cgtgoatgaa cgatga 1716
<210> 13
<211> 34



34 <210> 14 <211> 41 <212> DNA <213> Artifici al
we2 2004 /928623 Prinmer <400> 14 sgrcactagttt ttt gpetAE2003/002799
gaccaactgg taatggtagc g 41 <210> 15 <211> 3088 <212>
DNA <213> Artificial <220> <223> Sequence contains
Hipe. | ga gene from E. coil <400> 15 ggact agt at
%852;{12‘3%'[&} acggattcac tggccgtcgt tttacaacgt cgtgactggg
aa éat]gg cgttacccaa cttaatcgcc ttgcagcaca
$2@eccctttc gccagetgge 120 gtaatagcga agaggcccgc
asggatggec cttcccaaca gttgcgcage ctgaatggeg 180
aat ggcgctt tgcctggttt ccggcaccag aagcggtgcc ggaaagctgg
s8Qyaglyycg 240 atcttcctga ggccgatact gtcgtcgtcc

sgrctaatatt graretapat geaeatdgat 4edmt g 300 cgcccatcta 3
caccaacgtg acctatccca ttacggtcaa tccgeccgttt gttcccacgg
ddaat ccgac gggttgttac tcgctcacat ttaatgttga
{fgmaagat gg ct acaggaag 420 gccagacgcg aattattttt
&?%gg fa actcggecgtt tcatctgtgg tgcaacgggc 480
gctgggicgg ttacggccag gaccatcgtt tgccgtctga atttgacctg
[Pycarrtifival 540 t acgcgeccgg agaaaaccgc ctcgeggt ga
$9@t gct gcg ctggagtgac ggcagttatc 600 tggaagatca
%g%t agg%glg cggatgagcg gcattttccg tgacgtctcg ttgctgcata
gactac acaaatcagc gatttccatg ttgccactcg
cabtaatgat gatttcagcc 720 gcgctgtact ggaggct gaa
geactaght iy tt ypgerg agpctaapt gy dastagtawst acgggt aa 780 41
cagtttcttt atggcagggt gaaacgcagg tcgccagcgg caccgcgcect
Lieggeggt g 840 WO 2004/ 020623 57
<211> 3088
<212> DNA
<213>  Artificial
<220>
<223>  Sequence contains the lacZ gene from E. coli
<400> 15
ggactagtat gaccatgatt acggattcac tggccgtcgt tttacaacgt cgtgactggg 60
aaaaccctgg cgttacccaa cttaatcgec ttgcageaca tccecctite gecagetgge 120
gtaatagcga agaggcccge accgatcgec ctteccaaca gttgegcage ctgaatggeg 180
aatggegctt tgectggttt ccggecaccag aageggtgec ggaaagotgg ctggagtgcg 240
atcttectga ggocgatact gtegtogtcec cctcaaactg gecagatgeac ggttacgatg 306
cgcccatcta caccaacgtg acctatcocea ttacggtcaa tecgecgttt gttcccacgg 360
agaatccgac gggttgttac tecgetcacat tteatgttga tgaaagetgg ctacaggaag 4§20
gccagacgeg aattatttit gatggegtta acteggegtt tcatctgtgg tgcaacgggce 4B0
gctgggtegg ttacggccag gacagtcgtt tgecgtetga atttgacctg agecgeatttt 540
tacgegeegg agaaaaccge ctegeggtga tggtgetgeg ctggagtgac ggcagttatc 600
tggaagatca ggatatgtgg cggatgagcyg geattttocg tgacgtcotcg ttgetgeata 660
aaccgactac acaaatcage gatttccatg ttgccactcg ctttaatgat gattteagee 720
gegetgtact ggaggetgaa gttcagatgt goggegagtt gegtgactac ctacgggtaaz 780
cagtttcttt atggeagggt gaaacgcagg tcgoccagegg caccgegect ticggeggtg 840




LY

PCT/ DE2003/ 002799 aaattatcga tgagcgtggt ggttatgccg

Wi 0gsgfogeszACt acgt ct g aacgtcggaa 900 acccyaeafde2003/002799
gt ggagcgcc gaaatcccga atctctatcg tgcggtggtt gaactgcaca
960 ccgccgacgg cacgctgatt gaagcagaag cctgcgat gt
CH&HEkhEGHCe ARLHC GG at ) aldiiRad G0hdotlEf b
ct gaact gca agccgttgct gatt.cgaggc gttaaccgtc 10
aegregesct agtiygnicgt g ghdatgotgmagigtcrttggatgageict gasgatgat t g 960
caggatatcc 1140 tgotgatgaa gcagaacaac tttaacgccg

t GEGEIHIEE agedtonth éébgca&%a@af‘%@@%atﬂ@@gtttttjfij’gt?%@“gga 1020

t t {att
D R B APA o i s PR ARG R 1000
05€HabEaCh X CEEPENALGRaddd tHRORACH GAlyAGUf B8afabatce 1140
gt gcagcgcg atcgtaatca cccgagtgtg atcatctggt 1380

c hatgefpga agca gt @ yrracacygyratiagtat aeegatgm gatagtatgogc 1200
%gtcaaat 1440 ctgtcgatcc ttcccgecccg gtgcagt at

t
aRHJEtRFRE PoagacHR e BT AR c HEREY 9T 5 P9t Fp gt gﬁa[tggaaa 1260

t gt
el oo e A R L AR S WL EHE0, Btk 1320
0666640t hadbéfabid GEGLadberd attatAROE GeagleB6UA OGS ELtggt 1380
aacagtcttg gcggtttcgc taaatactgg caggcgtttc 1680

geekgyIgae ctdsetrlatda catpoggEgoEichegche tagtat ¢y gedaggatatag 1440
tgg% atta 1740 aat at gatga aaacggcaac ccgtggtcgg 1500
c

G CERATTE GHECGEA A RRITERICIBBE CH;ERRR AERACTACCT
Ot B 0. RRRQ0LE L OGB! GEARACEE 9ROAAEEH, CRIREANRT° 1560

1860 tgacggaagc aaaaca cagccgttitt tccagttcc

t a4tAHERGYY FaGRBACEALER IO ciRBAFQAE GaGecegar] aEsdtBtgeg
ttccgtcata gcgataacga gctcctgcac tggatggtgg 1980

CRRTBGERTCY (FIreRigeTiy e R ePIGERIAQTIt T can JReRtertdy gagcgttget 1680

ccacaagqta 2040 aacagttgat tgaactgcct gaactaccgc
CFeaaats peAran Rt RO PR ob G Bt Egggatte 1740
g%%%g&&%"t 1600

241 RAGE %200RGHACES AL QILGI0R AP TGAIE
2160 "“ggcagcadtg gcgictggcg gaaaacctca gtgtig
CecRYERPE Ptk aby aEfygP2d tdtEEfiQoalcClcad e 6atBBgcgc
gaaatggatt tttgcatcga gctgggtaat agccgttggc 2280
abg3cogRIgE rageRgrehn gaTcagt tidt taceakt cag At tAtgged cappegaticaaa 1920
aaacaactgc 2340 tgacgccgct gcgcgatcag ttcacccgt

ARG RGN £ IPACRT BT g ST o9 GO TR SOt Htes 1980
gg%%%‘é’t%&ttaéé&%@@ 99&&:&«{-@%‘%&&@%@%&9&& 99&%?&&@00 2040

aggccgaagc agcgttgitg cagtgcacgg cagat acac
t gexiagatioge 0@t GGt gRbhactabad a2geeeas Icgecggedi gyaggctca
cat cagggga aaaccttatt tatcagccgg aaaacctacc 2580
gERAtRERNTE PICSTPPETR CARICARRICERIPTFAET JUEIPIOCAC PERRAQYIFYCQ 2160

agcgat acac 264£0
gcagcagqtg gegtotggcg gaaaacctca gtghtgacget cocegecgeg teccacgeoca

ggaaa 800
0

1620

1860

2100

2220
tcecgeatet gaccaccage gaaatggatt tttgeatcga gotgggtaat aagegttgge 2280
aatttaaccg ccagtcagge tttetttcac agatgtggat tggegataaa aaacaactge 2340
tgacgeeget gogegatcag ttcaccogtg caccgetgga taacgacatt ggogtaagtg 2400
aagogacccg cattgacccet aacgcctggg tcocgaacgectg gaaggeggey ggecattacce 2460
aggccgaage agegttgttg cagtgcacgg cagatacact tgetgatgeg gtgetgatta 2520
egaccgetca cgegtggeag catcagggga aaaccttatt tatcagcecgg aaaacctace 2580
ggattgatgg tagtggtcaa atggcgatta cegttgatgt tgaagtggeg agegatacac 2640
cgcatecgge geggattgge ctgaactgec agetggegea ggtageagag cgggtaaact 2700
ggctoggatt agggecgecaa gaaaactate ccgeccgect tactgeegec tgttttgace 2760



-

cgcat ccggc gcggattggc ctgaactgcc agctggcgca ggtagcagag
Wl g8da26422700 ggctcggatt agggccgcaa gaaaaerAiE2003/002799
ccgaccgcct tactgccgec tgttttgacc 2760 WO 2004/ 020623 58
PCT/ DE2003/ 002799 gctgggatct gccattgtca gacatgtata
GetsddhttObcat il %Q&cﬂﬁ@@%@&%&cg@ 8&Qcc$gﬂeg GeQ&ddgtc 2820
gacgcgcgaa ttgaattatg gcccacacca gtggcgcggc gacttccagt
2geartotgagatgaga drgedd ety fcoaadag caagedugat g@aaamagt 2880
cagccat cgc catctgctgc 2940 acgcggaaga aggcacatg
c,th’d’&F%ﬁgc@Cg&Eﬁj’ﬂg tPeERACAL Y GHRIAF23G JFAFGERFRED CSG‘ERS‘Ctgc 2940

actcct t ca ta.,t gc
R R R e L RO L ey
actcctggag ceocegtcagta tcggcggaat tecagetgag cgocggtege taccattace 3060

agttggtctyg gtgtcaaaaa actagtgg 3088





