1 Methods for the semi-synthetic production of high purity "minicircle” DNA vectors from plasmids
Description The present invention relates to methods and reagents for 5 producing DNA vectors, in
particular minicircle (MC) DNA vectors, in superhelical form. The invention furthermore relates to high
purity preparations of circular DNA vectors, in particular MC DNA vectors. Previously used methods for
producing circular minicircle DNA 10 vectors are charatterised by elevated complexity combined with
low yields and considerable effort to achieve the necessary purity and quality (1, 3, 8, 11, 15). A
feature common to He5RIABtHGTs E‘ﬂ']acﬁﬁéyW&R@%‘%ﬁ%#’l’é&%‘l‘ﬁﬁih%%e%qn%%r R4EekEBe the MCs
from the parental 15 plasmids whithihkaue: peevionslywieesn feultiptedpn Hactasa. On the one hand,
using the recombinases ensures retention of the superhelical status of the MC which is required for
subsequent use as a vector for transducing eukgyotic ¢alls, On the other hand, this procedure is
extremely inefficient, such that the 20 yield of MCs, relative to the quantity of bacterial culture used, is

very low. This is ve e egtgxpressiog of the r combinases#‘lecessary for

T?}I Sgrleasrg !é/?_%%a%%elggrméwa e O me, oas ang agent or
generating the [O notnpossmFe in prodruc oh Strains of bac eria. as this'would fead to premature

eliminatiorbof threogareaintal prsmidstnydergoing 25treplitationin the hacterid Heforg:thesccould be

amplified in sufficigntquantity-to be available.as.a,starting spbstrate forproduciiansot theMgs. Since
retaining the superhelical structure is essential to the subseéjuent use of the MCs, corres&)ondingly

stringent requif&hiehts BOSERPIT 1o e purification fethda 87 Sotatiig the RES i braér Hot (6 destroy

the desired strueturersf.the MCs during purification. In the conventional variant ((1), (3)), the MCs are
separated from the DNA secondary products arising after 2

Previously used methods for producing circular minicircle DNA
10 wvectors are characterised by elevated complexity combined with
low yields and considerable effort to achieve the necessary

purity and quality (1, 3, 8, 11, 15).

A feature common to these methods is that they make use of
recombinases in order to excise the MCs from the parental

15 plasmids which have previously been multiplied in bacteria. On
the one hand, using the recombinases ensures retention of the
superhelical status of the MC which is required for subseguent
use ag a vector for transducing eukaryotic cells. On the other
hand, this procedure is extremely inefficient, such that the

20 vyield of MCs, relative to the quantity of bacterial culture used,
igs very low. This is very largely because permanent expression of
the recombinases necessary for generating the MCs is not possible
in production strains of bacteria, as this would lead to
premature elimination of the parental plasmids undergoing

25 replication in the bacteria before they could be amplified in
sufficient guantity to be available as a starting substrate for

production of the MCs.

Since retaining the superhelical structure is essential to the
subsequent use of the MCs, correspondingly stringent reguirements
30 apply to the purification method for isolating the MCs in order
not to destroy the desired structure of the MCs during
purification. In the conventional variant ((1), (3)), the MCs are

separated from the DNA secondary products arising after



recombination (parental plasmid, miniplasmid and concatemers of the individual products) by targeted
linearisation of the unwanted molecules by means of specifically selected restriction enzymes and
subsequent agarose gel electrophoresis. The MC is not 5 modified by the restriction enzymes during
this procedure, such that the circular status of the MCs is unaffected. There is, however, a significant
risk of eluting unwanted DNA molecules, such as for ekample the (possibly linearised) parental
plasmid, from the gel and purifying them together with the MCs (3). Since 10 the parental plasmids,
like the MCs, arecsapatsle tofaranstusing Bukarysiic ells i thi® higyhdverd negatvésmpaet ©h the MC

experiment (for example.permangathtiansdusedicalisdua ta the dntegsation of the parental plasmid
into the host cell enon&}?ﬁ(gtggrqvgsrla&tfs foraggrl én% MCs gen r%t(ed b¥ regggblnagon in 15 bacteria

make use of a€olamn chromatography systiem which exploits the binding 6f Spedific proteins To the

lactose operatersetjaengedlacds)svhichts presentircthis easetintheMeEs(s, e l¥this easetthe
purity achigved andalsg the relative yield of the systemarehgtierthan in thecnyentional variant 20

of purification using a%aros,e gel. in return, the drawback must be accepted that the MC then contains
e

bacterial DNA 58q3uehtes(tac08) 2 vhich thterminds the fundioH (55 8Y 8d redui&tory advantage of
MCs over conventiorzal plassidwvetiosnt Themethod presentedyathe presentimverntioasor

producing MCs 23,n.\itre s capahle of ayercoming ihe disadvantages of previously, published MC

production methods. The novel method dispenses with the use of recombinases for generating the

MCs from the parBhtal'Bla&mid® 2 tReSHnie & ftTs ho?RERBEsHA b phifify' e reSuitait MEs by
means ofl@ 30wtamplexcand castlysmethod sugh asforiexamplescalapamn thramatographys since any

mixing of the M%a‘%%éhi% vggipygl;e&g@dq@{}prggygtsdisng%%igwefrq %og@eghlh@@impliﬁes the

production of MCs in"comparison with the previously conventional methods while simultaneously

increasing the §&IE* 3%y plkty of 1idPdiy gt TABRLETES. in Patfiediar Y perfdsusBactstid¥eduences
being completely-avpideddn the hackbhone-attie MG.sthe methodpresenieddiare isdrased)on a
combined in vivo/in vitro

Other variants for purifying MCs generated by recombination in

15 Dbacteria make use of a column chromatography system which
exploits the binding of specific proteins to the lactose operator
sequence (lacOs) which is present in this case in the MC (11,
12). In this case, the purity achieved and also the relative
vield of the system are better than in the conventional variant

20 of purification using agarose gel. In return, the drawback must
be accepted that the MC then contains bacterial DNA segquences
(lacOs), which undermines the functional (5, 6) and regulatory

advantage of MCs over conventional plasmid vectors.

The method presented in the present invention for producing MCs
25 in vitro is capable of overcoming the disadvantages of previously

published MC production methods.

The novel method dispenses with the use of recombinases for
generating the MCs from the parental plasmid. At the same time,
it is not necessary to purify the resultant MCs by means of a

30 complex and costly method such as for example column
chromatography, since any mixing of the MCs with the various
secondary products 1s avoided from the outset. This simplifies
the preduction of MCs in comparison with the previously

conventional methods while simultaneously increasing the yield



5 technology, in which circular superhelical minicircie DNA is generated in a final enzymatic step with
the assistance of gyrase. The present invention accordingly provides a method for producing a circular
DNA vector in superhelical form, comprising the steps: 10 (a) cleaving a parental niasmid with one or
more restriction enzymes, the parental plasmid containing the sequence of the DNA. vector together
with heterologous sequences, in order to obtain a linea¥ DNA vector fragment with the sequence of the
DNA vector, 15 (b) separating the linear DNA vector fragment from other restriction cleavage products,
(c) lidating the 3@ aF BNAREttof fragrmeftin St 18 sitain'a Grstitdrr B vERRS 1A reRk@d form,

(d) separating the cireutar RNAvectos framrethestigation Roproducts; () colingthexeitcidacDNA
vector from step, d)ﬁ/(yith a gyrase in order to obtain a circular DNA vector in sunerhelical form, and

(f) optionally purifying the circular DNA vector in 25suzerhelical form to separate it from secondary
products. The present invention furthermore provides a method for producing suberhelical circular
DNA vectors, COImpRsiit i VS REStAct S treavadd SAVitrd 1igatoRumd th vitrd ¢8Mngwith girase. 30
The present inventian fughermoretprovidesra method fos predicesunerheticat miniviele. BNA vectors
without using site;specific (sgauepee:spegific) recombingses;sych gs forinstange FLE: 4 Ina
preferred embodiment, the DNA vector, in particular the MC DNA vector, is produced as follows: The
necessary vectdttififérmation is amplified together with heterologous sequences on the parental
plasmid (PP) in a host cell, for example in a bacterium. The parental plasmid is isolated from the host
cell using standard pretheds. iAftenisotatiar,dbed@$equentesies the R lapd ekeisad fronrthesPP by

digestion with Eegﬂgggﬂﬁme%em%r in superhelical form, comprising the steps:

10 (a) cleaving a parental plasmid with one or more restriction
enzymes, the parental plasmid containing the seguence of
the DNA vector together with heterologous sequences, in
order to obtain a linear DNA vector fragment with the
sequence of the DNA vector,

15  (b) separating the linear DNA vector fragment from other
restriction cleavage products,

{(c) ligating the linear DNA vector fragment in order to obtain

a circular DNA vector in relaxed form,

(d) separating the circular DNA vector from other ligation
20 products,
(e) coiling the circular DNA vector from step (d) with a gyrase

in order to obtain a circular DNA vector in superhelical
form, and
(£) optionally purifying the circular DNA vector in

25 superhelical form to separate it from secondary products.

The present invention furthermore provides a method for producing
superhelical circular DNA vectors, comprising in vitro
restriction cleavage, in vitro ligation and In vitro coiling with

gyrase.

30 The present invention furthermore provides a method for producing
superhelical minicircle DNA vectors without using site-specific

(sequence-specific) recombinases such as for instance FLP.



10resultant linear fragments, one of which contains the MC regions, are separated, for example by
agarose gel electrophoresis. The linearised MC fragments isolated using conventional methods, for
example by elution, and used for further MC production. 15 The isolated linearised MC DNA molecules
are religated by using (recombinant) ligases, such that the MCs are obtained in the relaxed, "open
circle” form. Following ligation, the relaxed MCs are cdiled using a (recombinant.) gyrase in an in vitro
batch, such that the 20corresponding superhelical (supercoiled) forms of the MCs are obtained, as are
required for thé st eré6EicrdraficingsukaryotieiEelZe Finally By prodacisicrthelen2fmatic

gyrase reactiopareremeved from the.cirgulars saperhglical vector using 25standard methods (for
example agarose gel %ectrophoreas with subsegl,tlent gel.elutlon, QJaQ%QiQQAth“f'%aUO” kit). The

. iyel neceggsary vector 1 OrmatlLorn 18 amw ecther with .
method described hereé Tor producmg' DNA vectors, in parﬁcular minicircle gene VEGtors, makes it

possible to produce the BiNAlvestors, Wwhicknrray for eXampledse usedfor produding 30 reéombinant

cell lines og for gene thesapy.in large quantitiescand with.glevated. purity. The method according to the

invention moreover yields novel E)reparations of MC vectors in elevated puritg/. 5 ‘
. The parental t cell using

plasmid 1s isolated from the ho
standard methods.

. After isolation, the MC sequences of the PP are excised
from the PP by digestion with resgtriction enzymes. The

10 resultant linear fragments, one of which contains the MC
regions, are separated, for example by agarose gel
electrophoresis. The linearised MC fragments isolated using
conventional methods, for example by elution, and used for
further MC production.

15 - The isolated linearised MC DNA molecules are religated by
using (recombinant) ligases, such that the MCs are obtained
in the relaxed, "open circle'" form.

. Following ligation, the relaxed MCs are coiled using a
(recombinant) gyrase in an in vitro batch, such that the

20 corresponding superhelical (supercoiled) forms of the MCs
are obtained, as are reguired for the use thereof for
transducing eukaryotic cells.

. Finally, by-products of the enzymatic gyrase reaction are
removed from the circular, superhelical vector using

25 standard methods (for example agarose gel electrophoresis

with subsequent gel elution, Qiagen DNA purification kit).

The method described here for producing DNA vectors, in
particular minicircle gene vectors, makes i1t possible to produce
the DNA vectors, which may for example be used for producing

30 recombinant cell lines or for gene therapy, in large gquantities

and with elevated purity.

The method according to the invention moreover yields novel

preparations of MC vectors in elevated purity.



This results, on the one hand, in distinct cost and time savings for the previousby described fields of
use and moreover opens up prospects for novel fields of application. A circular DNA ecor i.e produced
in superhelical form using the 5 above-stated method. The DNA vector consists of double-stranded
DNA and conventionally has a size of 0.5 to approx. 10 kB, in particular of approx. 1-6 kB. Smaller or
larger DNA vectors may, however, also be produced. Ih a preferred embodiment, the DNA vector is a
minicircle (MC) DNA vector, i.e. a circular DNA 10 vector which contains the necessary functions for
the DNA vectof *fof e5&THPleSthe®Sub$Eq et Fimcircle DRI velfor. TheseifictioRs convendidnally
contain sequeriess fol=a transpens fornexample @ rcorabinant gene:an aeareespandipgedONA,
together with rggg@gg%geguences fgr %E(%xp(g%ssion for %xample 15 transcription and translation

A O nove application ', . .
initiation sequences such as promotors, enhancers, rﬁ)%somallblndlng sites, etc. and optionally

transcription termination seqéjences such as polyA sequences and further regulatory or functional
nucleotide seqtienteS siich 48 %or EXaftplé 3/RIAR Ll et eS T trinstefting 28 theadierente of the
DNA vectds to dhenticiear-matrix ascan imtiatardor integraticrdnrdependentiepisomal replication (2, 13,

14). The DNA yggtor may gantain a pharmaceutically lisable DNA sequence, as the jransgene, for

example a mammaljang;ge or cDNA, in"25 particular a human gene ora recombinant variant thereof
for therapeuticPapplicatiois, of fEiPetic'sequghces T8 exantiile L EGFhIFyeifs LA Fafégene” or a
"transgenic seguencey; thesedernasdieingdsableinterghangeably, sren iserefereed-aceerding to the

invention is accordingly,a eéjka{%?tci:(i%?%er@ﬁ‘é'} iIn,30 px?e@%%'@,r 8 human sequence a%gg\or.a synthetic
sequence. Such a sequence for example encodes growth actors,.cytola(mes, interleukins, interferons,
tumour-stifpres3er protéins et¢ Ohheothar haree tHe DNAWE toPATay also-66ntalif asstiifdnce from

pathogenic orgaitiseisawhich eneodes asyantigen Of a-segquencaavhieh35H-encades arfwmeu-aratigen
or autoantigen, as the trans%g/e. 6 heIpre arations of_circular sugerhelicalgDNA vectoEs, in
leﬁ%?tai s% tra r

. onventiona ences or a S ne, O exan a
particular MC ve&ors, obtama € method according to the nvention may be use'och as

research reag@stscaid e pphasigcadtical prodaer Medicat APplicatens seehvds for 5 instance DNA
vaccination, gene;therapy, cell sepregramming or RNAbinsertion arefprefengd: «
15 transcription and translation initiation segquences such as
promotors, enhancers, ribosomal binding sites, etc. and
optionally transcription termination sequences such as polva
sequences and further regulatory or functional nucleotide
sequences such as for example S/MAR sequences for transferring
20 the adherence of the DNA vector to the nuclear matrix as an
initiator for integration-independent episomal replication (2,

13, 14).

The DNA vector may contain a pharmaceutically usable DNA sequence
as the transgene, for example a mammalian gene or cDNA, in

25 particular a human gene or a recombinant variant thereof for
therapeutic applications, or a synthetic sequence, for example a
synthetic gene. A "transgene" or a "transgenic sequence", these
terms being usable interchangeably, which is preferred according
to the invention is accordingly a eukaryotic sequence, in

30 particular a human sequence and/or a synthetic sequence. Such a
sequence for example encodes growth factors, cytokines,
interleukins, interferons, tumour-suppressor proteins etc. On the
other hand, the DNA vector may also contain a sequence from
pathogenic organisms which encodes an antigen or a sequence which

35 encodes a tumour antigen or autocantigen, as the transgene.



The DNA vectors, in particular MC vectors, produced by the method may furthermore also be used for
producing therapeutic proteins in recombinant cells, in particular eukaryotic cells, in 10 particular CEO
cells. To this end, the corresponding host cells are transiently or stably transduced by the DNA
vectors, such that the resultant recombinant cells produce the desired therapeutic protein. The
therapeutic protein may here be produced using convefitional methods of industrial biotechnology. 15
A further area of application of the DNA vectors, in particular minicircle vectors, produced using the
method descriféd hereirrissthecgenetic miodificatiosaf4rost tells Whith aredtoche used for expressing

recombinant p ?%Jl@fhﬁét (}%@%é{% h%%{ﬂ@?{%’@ﬁebwﬂ%@lﬁe\@%ersa@mgdﬂéen%@at
expression of the 20 transgenic protein in the modified host cells is superior in terms of quantity and/or

quality to the eXPrESEioRTIBrotein rSmcurimodified hoSEees. MEaddton, BRI BNA vectors, in
particular MC veéctors;enables subseguent madiicationagfydrodeictionscellsanhich dakeady produce 25

recombinapt protein, suchythat said cells may be.desirably jpodulated by the genes introdyced by the

MCs with regard to transgene quantity and/or quality. The corresponding target cells may be
modified with tRE*MCSSfoduced By thedeseribed method by simultaneously transducing 30 the target
cells with one or more MCs. The circular superhelical DNA vectors are generated from "parental
plasmids", whigheddHét diferdrom usualgptasmids witiCregardaostheirvalsicddnetion$.<T ey Berve to

amplify the DN#, 7 ygctalseguences:in hestcells, E%%@B’tﬂl@H?&t%@@%‘ﬁ&ﬁ%@rﬂ%@@%sﬁ_CO"-
Other examples of suitable host cells_are yeasts, such as for instance Saccharomyces. In addition to

the DNA vector 3ehTieitR: 1idse Parerital plastitits Corventiohaiy S tonfiin Heterdlogous sequences
on a contiguousspari of the completé ptasmd, foi exambpletfoe propagationdn achbstscelk:suth as for
instance information far the teplicatipn.origip.for jnjtiating Jeplication of the plasmidiin hostcells as well
as, normally, a gene including regulatory sequences for transferring 10 antibiotic resistance to host
ceHscaangtﬁ ﬁﬂagﬁﬁdyesultant récombinant cells produce the desired

therapeutic protein. The therapeutic protein may here be produced

using conventional methods of industrial biotechnology.

15 A further area of application of the DNA vectors, in particular
minicircle vectors, produced using the method described herein is
the genetic modification of host cells which are to be used for
expressing recombinant proteins. The host cells are here modified
by the DNA vectors in such a manner that expression of the

20 transgenic protein in the modified host cells is superior in
terms of quantity and/or quality to the expression of protein

from unmodified host cells.

In addition, using DNA vectors, in particular MC vectors, enables

subsequent modification of production cells which already produce
25 recombinant protein, such that said cells may be desirably

modulated by the genes introduced by the MCs with regard to

transgene quantity and/or quality.

The corresponding target cells may be modified with the MCs
produced by the described method by simultaneously transducing

30 the target cells with one or more MCs.

The circular superhelical DNA vectors are generated from
"parental plasmids", which do not differ from usual plasmids with

regard to their basic functions. They serve to amplify the DNA



Since DNA vectors may be produced according to the present invention without DNA recombination
mediated by site- or sequence-specific recombinases, a parental plasmid may be used as starting
material which is free of recombinase recognition 15 sequences, for example free of recognition
sequences for sequence-specific recombinases, such as for instance FLP, Cre, PecA, Phi-C31 and
others. The parental plasm id (PP) therefore substantially consists of two parts: 20 The part with the
functional units for replication and amplification of the parental plasmid in host cells, for example
bacteria. The SEOTRF paRAARRATRE idforftdtiorrfhich isTrREyArETRIrthee DN Ve ci 25 Fhé Plasmid

and DNA vectarnsegueaces are sepasated by racegaitioprsequencesforne ek mereskestriction

enzymes which re{terabl do not qccur.on the DNA vector fragment. The parental plas i%used as
Starting materil To e g Ao Srding o RGN ERGaA S FoRb Sntiohal ShA R by B0 pulturing a
host cell, in pabiGulzraimokaryotichost calkssuchrasiorinstanee Elcoibarrrisotating the plasmdd

from the hest cell.dde,hast celb useds preferabhea strain of hacteriawhighis suitable for high-copy
amplification o(f:gla mids, such 8 as for instancelg. gali XL1 Blueéjl.g . P,arentgloplgsmi ;are here

recovered in aTRARner Wiich B5es noEdiffer om mathods 16t %ducmgl%oﬁventciong nadsmids or

DNA vectors. sthé RRs from the tracteriamiay hetpurifiéd ushig stardardanethods, 15 for éxample

using commergially Qhtainable kits for; example nQ1AggRMidintep) step () of the method according
to the invention involves cleaving a parental plasmid with one or more restriction enzymes. This step is

favourably carP8G 8uti¥ vifto IE8Son A iSOtate d I Pladridy p SRt atioRS The pareHtal FasATd is
cleaved using sestiictionienzyrmeés vehich permitthe excisionrof ayftagmemnt whiehnncdludes the
sequence of the DNA vector (DNA vector fragment). This DNA vector fragment is obtained in linear

form in additioBince pNA vectors may be produced according to the present
invention without DNA recombination mediated by site- or
sequence-specific recombinases, a parental plasmid may be used as
starting material which is free of recombinase recognition
15 seqguences, for example free of recognition sequences for
sequence-gpecific recombinases, such as for instance FLP, Cre,

Rech, Phi-C31 and others.

The parental plasmid (PP) therefore substantially consists of two
parts:

20 - The part with the functional units for replication and
amplification of the parental plasmid in host cells, for
example bacteria.

. The second part with the information which is required for

the DNA vector.

25 The plasmid and DNA vector sequences are separated by recognition
sequences for one or more restriction enzymes which preferably do

not occur on the DNA vector fragment.

The parental plasmid used as starting material for the method
according to the invention is conventionally obtained by

30 culturing a host cell, in particular a prokaryotic host cell,
such as for instance E. coli, and isoclating the plasmid from the
host cell. The host cell used is preferably a strain of bacteria

which is suitable for high-copy amplification of plasmids, such



to one or more further linear fragments corresponding to the 15 additional heterologous sequences
present in the parental plasmid. The region of the DNA. vector is preferably not cut during restriction
cleavage, while the remaining sequence, also known as miniplasmid (MP), is either left behind as a
whole piece or is 20 alternatively cleaved into smaller pieces. it is important here for no DNA
fragments to be obtained which are similar in size to th& DNA vector fragment. Restriction cleavage
preferably proceeds quantitatively, such that no intact parental plasmid is any longer present after the
enzymatic treatmehtofthe BNAe 25. Acedrdifg toistep (b),&he IFremrDRA veewrfrkgment issseparated

from other restriction.Gleavage pragducts. ig. otherlinear DNA fragments, Sepanation isgonventionally
performed by size, for example by gel electrophoresis. Separation by agarose gel electrophoresis is

preferred. As tRETRSTICHT the™ 36 SepaFation thllirear DNA Ve dfor fdgment is isolated in high purity

form, free of other restriction cleavage products. Since the DNA vector fragment is present in
linearised forn¥,fieni2Be o reatlifise fdetitificck ofaketsasis of ftsssize by M ePa ¢onveRtiehial DNA

marker in the ge):- The-linearised MC maybedselatedfremitheraganose-gelusing.stapdard methods,
for example by elution %ngpurification by 5 means of commercial kits (for example QI-Agen Gel Elute).
The resultant Bi{ﬁ?%ﬁeli CORtaRS Tinearised MC DNA. According to step (c), the linear DNA vector
frasment is brought into contact with a ligase under conditions in which ligation proceeds, so giving
rise to a circul&FBRA Fectdr irfYelBesd 20 BRTStépIcr B fAvouraBRFEarRI-BUCH Gfro, i.e. on an
isolated preparation ohthe: DINAMecior ageient. Suitable ligasesare comsmerciallyravailable; for
example in rec&mbinatné form. In grqler tzc))lensc%rgrtpeaé Iigggiognis %sterfggctiv‘% as Clc%lo%;srilblleé 8§5%§Qould

be taken during the ﬁrev?od'sﬁy c%rﬁeé%ut%igestlon
10

plasmid preparation. The parental plasmid is cleaved using
restriction enzymes which permit the excision of a fragment which
includes the seguence of the DNA vector (DNA vector fragment).
This DNA vector fragment is obtained in linear form in addition
to one or more further linear fragments corresponding to the

15 additional heterologous sequences present in the parental

plasmid.

The region of the DNA vector is preferably not cut during
restriction cleavage, while the remaining sequence, also known as
miniplasmid (MP), is either left behind as a whole piece or 1is

20 alternatively cleaved into smaller pieces. It is important here
for no DNA fragments to be obtained which are similar in size to
the DNA vector fragment. Restriction cleavage preferably proceeds
quantitatively, such that no intact parental plasmid is any

longer present after the enzymatic treatment of the DNA.

25 According to step (b), the linear DNA vector fragment is
separated from other restriction cleavage products, i.e. other
linear DNA fragments. Separation is conventionally performed by
size, for example by gel electrophoresis. Separation by agarose
gel electrophoresis is preferred. As the result of the

30 separation, the linear DNA vector fragment is isclated in high
purity form, free of other restriction cleavage products. Since

the DNA vector fragment is present in linearised form, it may



15 of the PP that, where possible, the resultant 5' and 3' ends of the linearised DNA vector fragment
have complementary nucleotide overhangs. Ligation may optionally also he carried out with smooth
ends. In order to prevent any linearised MP DNA, which may under 20 certain circumstances have
been entrained, from being circularised or a PP being reformed from linearised MC and linear MP, it is
preferred when selecting the restriction enzymes for separating MC and MP to ensure that the MP is
cut by means of an additional enzyme in such a manner that a complete MP frasment, 25 which can
be circularisedwithitselfosr withithefMes! ishotisbtameds Afferiligativrz ehebaterns pofified according

to step (d) in ordertosepacateshe Giectilar-DNA vestgyfrom other ligation products. This may, for
example, proceed by separation using an 30 agarose gel. Any possible contamination with MP

fragments or '\%ecoﬁﬁﬁégg‘ieéécp‘%&o%% visible.at this point, Only the bands for the, cirgylarised DNA

vector (MC) are excised from the gel and the DNA is eluted therefrom. In this way, the degree of purity
of the MC 10 BNRTS FIHtREF friefaséd arftr-edRtaminativh Wit MPTor PPHragentsTs Firtually ruled
out. If the MC isstorke aisethasarDNA vector, speeificallypihereritisto beused:as ja stably episomally
replicating Vec%%rsmih%asn Qegﬁgs%r 120{ thgc%r%rgtélgg Dll\jl_@lemglecgée assyme superhelical form_ This
superhelical status is not obtaine once circularisation with Haase Is complete and must therefore be
produced subsequently by gyrase treatment of the circular MC. The gyrase, which is commercially

obtainable in réE6MBINAAL fotnt 5§05 typ&iFtopdisemerise VTERT intfSpfédentce GFRTRE
introduces negative superhalical strugturesanto DINIdx Step(a)-thetefare invakiesicenrtacting the

circular DNA vector from step (c).yith a gurase under candifions,|n which Goiling of fhe yector takes

place, for example in the presence of ATP. In 15 this manner, a circular DNA vector Is obtained in
superhelit8l forR¥Th- efdvaed purity ahABIFSSte p @) s Favalrably! ciie® out irf vitR3! i® on an
isolated prepataitor: ot theDNAvecioh e dusation of the teactierymay beaartedineonderde-ehtain
preparations Y‘é!%heacdéﬁ%éer@fidaeﬂrf}ea%’ff#i"al%%-e?O e é‘?%‘—ﬁ'%oi“e ”E";}]}’ ?éoco%?bdu':?a%%c‘%@ra&‘f’e with the
manufacturer's instructions for use of the gyrase. Once the upernelica

In order to ensure that ligation is as effective as possible,

care should be taken during the previously carried out digestion

15 of the PP that, where possible, the resultant 5' and 3' ends of
the linearised DNA vector fragment have complementary nucleotide

overhangs. Ligation may optionally also be carried out with

smooth ends.

In crder to prevent any linearised MP DNA, which may under
20 certain circumstances have been entrained, from being
circularised or a PP being reformed from linearised MC and linear
MP, it is preferred when selecting the restriction enzymes for
separating MC and MP to ensure that the MP is cut by means of an
additional enzyme in such a manner that a complete MP fragment,
25 which can be circularised with itself or with the MC, is not

obtained.

After ligation, the batch is purified according to step (d) in
order to separate the circular DNA vector from other ligation
products. This may, for example, proceed by separation using an
30 agarose gel. Any possible contamination with MP fragments or MC
concatemers becomes visible at this point. Only the bands for the
circularised DNA vector (MC) are excised from the gel and the DNA

is eluted therefrom. In this way, the degree of purity of the MC



structures have been introduced into the MCs, the latter may finally be purified from the reaction batch
by means of standard methods, for example by means of commercial kits (for example 25 QIAgen
MidiPrep). Step (e) involves purifying the circular, superhelical DNA vectors by means of standard
methods (precipitation, agarose gel electrophoresis with subsequent elution, Qiagen Qiaduick
Nucleotide Removal Kit etc.) in order to separate secafdary 30 products from the enzymatic gyrase
reaction. Once the MCs have been produced using the method described here, there are various
options for tesEly the swecessrand cudineof thel MO praparaticren 11iAgarisecgePélectrophoresis.

Only one band: shguld.be Visible berg,the sizeof which may be determined with the assistance of a
DNA marker for superhelical DNA. Verification of the superhelical structure, for example by 5means of

a chloroqu ne gel. Using a gel of this kind,.circular DNA may be separated intq its various.forms as a

) : s} , )
function of thegﬁ%r% er o m%o uced s%%%rhgﬁcaﬁ structures ff()). l(?lilmjécflahe ﬁsgaetgeveﬁy with very
high sensitivity 2 0dthetRef eXelusivaljeirc U MIE strlicties dredpresent #¢ Bee preparation, or whether

there is also coatarpinationewithdinearencirculanMhang/en BP: I hespresentdpwention also provides a
reagent kit Wh'%chr%ont%ilr]]_s restrictignlenzglin%s, a&igage and a gyrase for gg{r:ré/ing out the 15 method

. . . T . ..
according to theO mventlonsf ﬁlé)iﬁ aeCClOCI‘ ing ﬁ)a%e mvsenrtll?)n l?l p?e]f%?a ly comprises a restriction

endonuclease¢ arforther L prafesed-amibobimest nosendorucieaseris present. ik resictione

endonucleaseds particulaslypreierably inglydgd.while anexqnuclegseds simultanequsiyabsent. In a

preferred 20 form of the invention, the kit comprises a set of irtistructions for carrying out the method
hich 1s commercially obtainable in recombinant form, 1is

according to tif& Tiventioh:

10 a type II topoisomerase which, in the presence of ATP, introduces

negative superhelical structures into DNA.

Step (e) therefore involves contacting the circular DNA vector
from step (d) with a gyrase under conditions in which coiling of
the vector takes place, for example in the presence of ATP. In

15 this manner, a circular DNA vector is obtained in superhelical
form in elevated purity and yield. Step (e) is favourably carried
out in vitro, i.e. on an isolated preparation of the DNA vector.
The duration of the reaction may be varied in order to obtain

preparations with a different degree of coiling.

20 The reaction may proceed in accordance with the manufacturer's
instructions for use of the gyrase. Once the superhelical
structures have been introduced into the MCs, the latter may
finally be purified from the reaction batch by means of standard
methods, for example by means of commercial kits (for example

25 QIAgen MidiPrep) .

Step (e) involves purifying the circular, superhelical DNA
vectors by means of standard methods (precipitation, agarose gel
electrophoresis with subsequent elution, Qiagen Qiaguick
Nucleotide Removal Kit etc.) in order to separate secondary

30 products from the enzymatic gyrase reaction.

Once the MCs have been produced using the method described here,
there are various options for testing the success and quality of

the MC preparation:



The present invention furthermore provides a preparation of a DNA vector, in particular of a minicircle
DNA vector in superhelical form, characterised by the absence of secondary products, in 25 particular
linear or circular miniplasmdd and/or parental plasmidi According to PCP, the preparation preferably
contains no sign of the above-stated secondary products. The PCR reaction is here not part of the MC
production process, but instead a detection method fot tontamination by parental blasmids and 30
miniplasmids, which makes it possible to demonstrate the greater purity of the inventive MC
preparations which afSpistifcetfin Gt incorparison with MCPepitatofs Produesd in the
conventional manner-gysrasombination: nk2 4a prder tevdetectcontaminantpacential ptasmidsdy means
of PCP., the sequencg-%)%cgggl(%)girg%rs bn%%lect%%@gg th%ﬁgﬁl?égﬂhﬁ o oligonucleotides
binds in the region of the hetero ogousabac bone of the parentgfp asmid, while the corresponding
primer is locatéd in thécieion F the rminicifcie S WATT 1S Hifdn gémient of the Bligoptieigotitely the

corresponding fragmentisonly amplified fparentalylasmid.is present instherMIEC prefparation.
Contaminant miniplasmids may %I%% be fo%nd with thetagsist%nce of a second POE. To this end, both
POE primers must be'Tocated in h%ar\églgn %??ﬁje:%eefero]lgg(%u%tb%c&%%h%ug’ft %r(r)nﬁgiﬁgl Sarental
plasmid. If the POE-speeificifragaterittis amplifiad df mayorginaté eithieg fisrhithelminiplasmid or from
the parental plasmid. dt-the-first 2CR1 wias negative for parental plasmid, the amplification product of
the second PCP should be attributed to, 15 miniplasmid, If both PCP. reactions are positive, it is not
possible to make an dramMBigudiTs SE8nteht Fith régirdto 1 hath & oftHeSdéedidary products. The
minicirclesfroduced imwitieehave @ oentent of superhelicalStricturesiwick is porpesefally. n

cpn_trollable. The CO”%%‘&“%%%QM@@@?@QUJB’ QBQ%QQWH}@%OQ ofthein cYHFRMQrPJ@P@?Q“O” is
distinctly superior to the random composition circular DNA molecules obtained from bacteria by

site-specific recombirt&tidh. FAISSuperiotity Fas’Subtiaftiar eondéquences, in particular for the use of

therapeutic vectors in clinical applications. 25 The present invention will now be illustrated by the
following figuré&andeseanples vy foothe figares Figuesl sPlasadsidthalpicf tHellviC pardritalplasmid
"pEpi-eGFP M18antidkCo.and of thesrecombinationprodUctSrase for carrying out the
15 method according to the invention. The kit according to the
invention kit preferably comprises a restriction endonuclease. In
a further, preferred embodiment no endonuclease is present. A
restriction endonuclease is particularly preferably included
while an exonuclease 1s simultaneously absent. In a preferred
20 form of the invention, the kit comprises a set of instructions

for carrying out the method according to the invention.

The present invention furthermore provides a preparation of a DNA
vector, in particular of a minicircle DNA vector in superhelical
form, characterised by the absence of secondary products, in

25 particular linear or circular miniplasmid and/or parental
plasmid. According to PCR, the preparation preferably contains no
sign of the above-stated secondary products. The PCR reaction is
here not part of the MC production process, but instead a
detection method for contamination by parental plasmids and

30 miniplasmids, which makes it possible to demonstrate the greater
purity of the inventive MC preparations which are produced in
vitro in comparison with MC preparations produced in the

conventional manner by recombination.



30 The parental plasmid contains all the units necessary for a functional plasmid, such as origin of
replication (ori, in this case between HSV TN polyA and the following FRIT site; not shown in the
figure) and antibiotic resistance (Neo/Kana). A vital 13 factor when producing MC vectors by the
conventional method by means of sequence-specific recombination is the presence of both FRT
sequences which serve as points of attack for the FLR.eecombinase. FLP-induced recombination of
these two sequences 5 with one another results in two independent circular DNA molecules being
pinched off. OA& ofthese tardes thé infortrrtiorafor the fanttdns b impastarceripavactefiaFwd is

therefore designated-as miniplagmid s the second-maleculg na.longercontains any fungctiona bacterial

sequences, but instead only carries 10 vector-specific information and is thus the minicircle. Figure 2:
Comparison of the "l itfo™ AR WitfPthe mifitircie préddcst By site-Spécific retambivation in E.
coli EL250 witbrtlvécassistance iof pi%eagatose gekifhe whvitro MG was obtainediframthéRR by

restriction with,the,15 enzyme, Xbal ubseguentreligationwith a T4 digasg; The ligated DNA (in
each case 1 pg) was then treated for 30 min (track 1), 2 h (track 2) or 5 h (track 4) with 1 U of DNA

ayrase. The "EL250*MC Wi bhtaired By site-8pe it TetomingtoniA E<Ctli EE 280 after induction
with 0.3% L-arabiriosel fitack 3patee20linvitronC andihes&l2501 Mik:hee ghesame funning

behaviour in a3 agarose o6l; L e, sypgthelical structures were infroduced jnfo the ligated MG DNA
with the assistance of the DNA gyrase. It can be seen in tracks 1, 2 and 4 that the ligated MC had

been completely EBRBTtedhito tiie Siperédifed RYS) B affeFfist 25436 imute9 3 idsé Treatment.
MC concatemetssang qosnligatechM G.ENACRIYalse e seetnd strongd” RB-banchand@n- M band may

beseenh1Ha%ﬁ%g%ggqqgnE?éh%éﬁgégggific fragment is amplified, it may
originate either from the miniplasmid or from the parental
plasmid. If the first PCR was negative for parental plasmid, the
amplification product of the second PCR should be attributed to
15 miniplasmid. If both PCR reactions are positive, it is not
possible to make an unambiguous statement with regard to the

nature of the secondary products.

The minicircles produced in vitro have a content of superhelical
structures which is purposefully controllable. The consequent

20 predictability of the composition of the in vitro MC preparation
is distinctly superior to the random composition of circular DNA
molecules obtained from bacteria by site-specific recombination.
This superiority has substantial consequences, in particular for

the use of therapeutic vectors in clinical applications.

25 The present invention will now be illustrated by the following

figures and examples.
Key to the figures

Figure 1: Plasmid map of the MC parental plasmid "pEpi-eGFP M18
antiHLC" and of the recombination products.

30 The parental plasmid contains all the units necessary for a
functional plasmid, such as origin of replication (ori, in this
case between HSV TK polyA and the following FRT site; not shown

in the figure) and antibiotic resistance (Neo/Kana). A vital



Key: i.v. - in vitro minicircle: BL250 = minicircle produced by site-specific recombination in E. coill
EL250; MC = minicircle: PP 30 = parental plasmdd; MP = miniplasmid Figure 3: Separation of various
ccc plasmids on a 0.8% chloroquine/agarose gel Plasmdds pMAXGFP (LONNA), CMV-GFP
parental plasmid and pEpidelCM18opt (Rentschler Biotechnologie) were used. The agarose gel 35
contained 2.5 p2 mL) chloroquine. The gel was run fof.35 h at 2.5 14 V cm. (A) Either 1 fig or SOO ng
of each plasmid was used for the gel run. A characteristic hand pattern was obtained for all themids

use(B) The sigr$ Wersbqiamifsthasitg tHe [Raged sSottvarepackaGe s Pigure™s -8eparation of
various quantities 0§ the cee plasmid plpi-delc MiBepton a0 8% chlenguine/agarese gebothe DNA
was separatedEE&( 15hat2.5 Vwm-l. TQ%%@' containel_q 2.5 RY arL'r%I,EZ ca@l%rojguine )EROWS 1-6 contain

various quantities o?%g%eﬁﬁ%f while fow 7 contains the 1»Ii?le?:msed palgsml i (Bt)hfhé 0 band patterns

were recordedi§siAtthedAtaged-Softhdire ackage L itlislear it applyga quirfitzBf$60 ng DNA is

sufficient fer evaluationeofthedand patterns. Givensa longepexpesure; @van as it as 50 nc may be
evaluated (data qot sf‘ioevgn)beigl ure 5'hC8ch ison of cglllng of the "in vitro rﬁnnlcwglft)a with 15 the

o %%itf:ailhe in

minicircle obta?lr?eqeﬁlﬁ sSite-speci cfrecombination from pﬁasr%lg%%ﬁ?cfeﬁtﬁl%& (1,&)
vitro minic rolefwas tgredéread hyrrestriftidmeligastion: of thépatrentsd prashmidwithetheferngymes Xbal
and BstBI and subsequent ligation {4 ligase) (o)t raayhe seen that20 ligatgnds notcomplste, a

certain proportion of the DNA remaining linearised. Concatemers of two or more DNA fragments are

also obtained. FFck F*The §irass aha the gyt a8 Biitfer were addiadre iy to fifs figatfon batch (1
pg DNA) 118 mayebe seerpthvat Micccotingtvas takersplaces Track 3:Ehenligatiomwas 25 firstly purified
(DIADEN PCR Purification Kit), then 1 pg of licated DNA was treated for 2 h with 5 U of gyrase. Track
4: The minicirgle yvaseproducae Ry Sinspecifindecombination. Rescosikisationwas txdiced by

L-arabinose in E. coil FL%SO wit thegsgistan\ge of an F%P recombinase encodedén the genome. 30
e site-specCclil [}

b
(B) Tracks 3 and 4 from ,&) fere shown 1h &n arged, nverted Torm %a?gﬂ‘ﬂg MC obtained by

site-specific reEbARfndfich (fraekapssities tise @kpcléd pamtiasaitd®t The in vitro MC (track 3)
likewise showsrthe band pattem: bt onehandds partigulary prongyNeede riction with the
15 enzyme Xbal and subsequent religation with a T4 ligase. The
ligated DNA (in each case 1 pg) was then treated for 30 min
(track 1), 2 h (track 2) or 5 h (track 4) with 1 U of DNA gyrase.
The "EL250" MC was obtained by site-specific recombination in E.
coli EL250 after induction with 0.3% L-arabinose (track 3). The
20 in vitro MC and the "EL250" MC have the same running behaviour in
a 1% agarose gel, i.e. superhelical structures were introduced
into the ligated MC DNA with the assistance of the DNA gyrase.
It can be sgeen in tracks 1, 2 and 4 that the ligated MC had been
completely converted into the supercoiled (ccc) form after just
25 30 minutes' gyrase treatment. MC concatemers and non-ligated MC
DNA can alsc be seen. A strong PP band and an MP band may be seen
in track 3 in addition to the MC band.
Key: 1.v. = in vitro minicircle; EL250 = minicircle produced by
site-specific recombination in E. coli EL250; MC = minicircle; PP

30 = parental plasmid; MP = miniplasmid

Figure 3: Separation of various ccc plasmids on a 0.8%
chloroquine/agarose gel

Plasmids pMAXGFP (LONZA), CMV-GFP parental plasmid and pEpi-
delCMl8opt (Rentschler Biotechnologie) were used. The agarose gel

35 contained 2.5 pug mL™* chloroquine. The gel was run for 15 h at 2.5



15 (C) The signals were recorded using the ImageJ software package and are indicated
correspondingly with arrows. The distinct band signal mentioned in (B) can be seen in track. 3 (red
arrow). Key: linear - linearised DNA, oc - open circle DNA, coo = supercoiled 5 DNA, U = unit, 131,260
. MC produced by site-specific recombination, MC = minicircle Figure 6: Verification of the purity of the
generated minicircles by PCR and 1% agarose gel In bfder to check the generated minicircle DNA
from pEpi- 10 delCM18opt (vector map A) for possible contamination with parental blasmid or
miniplasmid, a’fragmentn tia wiiniplasmid pegiohd(see lifearisdd et haeE; CR Haand over an

FRT site (see linearsed vgctonmap,Rs PCRQwasamplified by-RCR. 40,89 0f template RINA were
used in each case. If an amplification 15 product is obtained in PCR 1, the samlg_l,e contains either

miniplasmid or BaréntaFPiasiid” While'# an amplitication prodtctiEobtamed in 7 'tfie sample
contains parentatplasnsidf sisoeirrtis£ER there is one primer located in the minicircie region and
one primer in the meniplasmid region. (ClI) 2.0 An amplification product was obtained in the sample
with the minicircigyreduceddps siespecic ecambinatiomEse d4Corwbile na-amplifisatian product
was obtained irhthf_%ar?@jﬁévit the in vifro menigircle. C%L'/A‘Q amplification product was likewise
obtained in thé ¢Bse of the EL1250 minicircle. ﬁey: =0 pareﬂ?a]ﬁ pﬁasﬁu ;"MC = minicircle, EL250
MC = minicircléhsroehiedslsy siteasiracific fecombiration th E. Eoilstraif 2509 Flgrenragagdencing of

the "in vitro" mjnigirgle from pEpidelGMASoptAA) Maedon map-ehthe REPI-delGMI8optME;with
sequenced re%ign 30 (redAarr%\r/lvgl(B) Comj?arison of the seqlﬂfnce of the in vitro MC WitI;thTehgequence
r

Ware B larlgeeaféﬁ%i-%%{ie‘y: E)B nge = 3V40

according to the v%%tcorDrlﬁap usmg%h%%’lustaﬁ%%%ﬁware pac
promotorlénhdrrcet; bedwarnFRE siterbluerdedbalaastriction Site ywthindheWwsRe giteslgrgen Z—eGFP

gene; * = base Mateh, tnat applying a quantity of 100 ng DNA is sufficient for
evaluation of the band patterns. Given a longer exposure, even as

little as 50 ng may be evaluated (data not shown).

Figure 5: Comparison of coiling of the "in vitro" minicircle with

15 the minicircle obtained by site-specific recombination from
plasmid pEpi-delCMl8opt
{A) Track 1: The in vitro minicircle was produced by restriction
digestion of the parental plasmid with the enzymes Xbal and BstBI
and subsequent ligation (T4 ligase) (oc). It may be seen that

20 ligation is not complete, a certain proportion of the DNA
remaining linearised. Concatemers of two or more DNA fragments
are also obtained. Track 2: The gyrase and the gyrase buffer were
added directly to the ligation batch (1 pug DNA). It may be seen
that no coiling has taken place. Track 3: The ligation was

25 firstly purified (QIAGEN PCR Purification Kit), then 1 pg of
ligated DNA was treated for 2 h with 5 U of gyrase. Track 4: The
minicircle was produced by site-specific recombination.
Recombination was induced by L-arabinose in E. coli EL250 with
the assistance of an FLP recombinase encoded in the genome.

30 (B} Tracks 3 and 4 from (&) were shown in enlarged, inverted form
here. The MC obtained by site-specific recombination (track 4)
shows the expected band pattern. The in vitro MC (track 3)
likewise shows the band pattern, but one band is particularly

pronounced.



16 Example Production and characterisation of MC using an in vitro method with ligase and gyrase
Using licrase and gvrase, superhelical MCs could be produced 5 successfully in vitro without having to
depend on the use of sequence-specific recombinases or specific strains of bacteria for replicating the
PP and subsequent induction of MC production. A PP (pEpi-eGFM16 anti HLC) was used for testing
purposes which has all the elements which are requiré® for conversion into MC 10 and MP with the

assistance of induced, sequence-specific recombination. This enabled a direct comparison of the two
methods. In prifcipfERYiFeTRaHabIE FSstiefon Hhgedtfor am plastarm3y e tbhvBretifto MCs

with the in vitre.fzethed. Figit shewsaschemmatic giagram of thisyalasmidhzb diBraductiasraBMC from
50 roL of bacterial culture; comparisan ethad according. to the invention (in vitro) and
recombinase-rﬁé%?a%dmnewré%’gé%r %eléler?l%?yﬁ?hnet)i%emslﬁi%ﬂgllg éﬁ%\%eigt]or% %i%s%%%é)ﬁn this”
application weté produced ti3hTg e étbd @escriedTh §isate? 20@etaflBelons the parentt
plasmid, irsthepgase showmhere pEpidelCMi6ppt consisting of miniglasmid and minicircle region, was
introduced by leﬁlé}egg%&gsg‘gggati&g igt%g. g(c)lir)(l_lle BlueH After selecting individual clones on agar
plates (using an appropriate s€lective me(lﬁuml), the respective plasmid DNA of the 25 clones was

investigated for the correct base sequence by restriction digestion and sequencing. Long-term storage
of the correct dbABE V&S a‘éﬁfé\fe’cfﬁfz’rﬁ&iﬁgg a B PBTERIgRE cElttrd RETE FFs T RIGIAH £21 ratio
and storing at &20@CH gatcerokstogkyo3d@ Tdwl parental plasmid was generated for subsequent in vitro

production of mnialiele, DR B IranRIng seme olthe gultuts flomypie glygergiglock into an
Erlenmeyer flask containing LB 17 selective medium and cultured overnight at and 180 rpm on

an orbital-$hak&t L FHE PRisMtEDNA (Barehtdl PlaBmid)Ras reedvefed by chthifuding the culture at
6000xg for 15 paine The piasard RNA-Wasrepased Asbhngra LIhAGE N Plasaid itincaccardance

region {(see linearised vector map B; PCR 1) and over an FRT site
{see linearised vector map B, PCR 2) was amplified by PCR. 10 ng
of template DNA were used in each case. If an amplification

15 product is obtained in PCR 1, the sample contains either
miniplasmid or parental plasmid, while if an amplification
product is obtained in PCR 2, the sample contains parental
plasmid, since in this PCR there is one primer located in the
minicircle region and one primer in the miniplasmid region. (C1)

20 An amplification product was obtained in the sample with the
minicircle produced by site-specific recombination (EL250 MC),
while no amplification product was obtained in the sample with
the in vitro minicircle. (C2) An amplification product was
likewise obtained in the case of the EL250 minicircle. Key: PP =

25 parental plasmid; MC = minicircle, EL250 MC = minicircle produced

by site-gpecific recombination in E. coli strain EL250.

Figure 7: Sequencing of the "in vitro" minicircle from pEpi-

delCMl8opt

(a) Vector map of the pEpi-delCMl8opt MC with sequenced region
30 (red arrow) (B) Comparison of the sequence of the in vitro MC

with the sequence according to the vector map using the ClustalW

software package (EMBL-EBI). Key: orange = SV40

¥Xbal restriction site

promotor/enhancer; brown = FRT site; blue

base match.

within the FRT site; green = eGFP gene; *



5 with the manufacturer's instructions. The minicircle, which is flanked by two identical restriction sites,
was excised from the plasmid DNA by overnight restriction digestion. The products of restriction
digestion were separated by gel electrophoresis (1% agarose gel). After the gel run, the 10 DNA in the
gel was stained with methylene blue and the gel fragment with the linearised minicircle DNA was
excised with a scalpel. The minicircle was recovered fiém the gel using the QTAGEN Gel Extraction
Tit in accordance with the manufacturer's instructions. 15 The linearised mina:circle DNA was religated
at 16C for 1.6 B8 I®4 ligase. The ligated DNA from the ligation batch was purified by agarose gel
electrophoresis using the QTAGEN Gel Extraction Kit in accordance with the manufacturerinstructions.
Conversion of thedigatadmiaicirat@artacdtberdea siate wasR0 acheyesrby incabationmeith@DNA
oyrase at 37C, Thg i@gggggogl;@%%gere determined on the basis of the desired degree of coiling
and was between 30 min and 2.4 h. The batch was separated by gel electrophoresis 1% agarose).
The DNA was here stained with the assistance of methylene blue and the g]el fragment 25 comprising

the ccc miniciettie PNA FaE eXBided 8T the JBRFWIR 2 SRAIPET STRE MihiCiFciB WAY ré€overed from
the gel usihg the QtASEN 1GeliExtraction¥it imaccordance withdheemanufactheersmstriictions.

Production of @@qtﬁ?&%‘%bié‘ﬁéi9i‘f@9u§§90%ﬂﬁiﬁg§'§§ fromihe same 3Q pargatal pigsmid. . ; 5

(pEni-delCM18onit) as the Semi-synthetic minicircles was carried out as follows by the conventional
method using FEEoMBRTASER: 116 FIPE retombind<BSRTUERE rétohibination priteBds Betvesh two

"FRT" sites, which in this case flank the tunicircle sequence located in the parental plasmid. The R.
coif strain EL2502® coptainsshEVdcneforiFpE recormbirrase integrated indtscyemormes This.gene is 5

under the contrgl.of.an L-atahingsezinducible pramotes gxpregsion.ofthis,geneds only switehed on
once L-arabinose has been added to the culture medium_ Induction proceeds in MO minimal medium,

since glutdse P Sutrode it the t B Mt RO uRf distIBEE rabifose Gptdids T0 The parental
plasmid, consistingaf immiplasmidterd aminiciefe segions wassmtisducethintd E.IsoikkEb250 by

electrotransformation, ; After a%&%a@%i@qivmﬁlogﬁ%gf_alaeg%@@ﬁ%&%ﬂga@éepﬁqmi,atsrgﬁlecﬂve
medium), the respective plasmid DNA of the clones was investigated for the correct base 15 Sequence

by restriction dGESTOR ANEEYe e ARy LoRG- M storagd of ihé oridtt Eidriés W athieled by
mixing a 5 mL ovetnight cuditineweith 8786 glycerobin atlid rafiesandistoring at -20C (glycerol stock).

15 1. Production of MC from 50 mL of bacterial culture:
comparison of method according to the invention (in vitro)

and recombinase-mediated method

The semi-synthetic minicircle DNA vectors described in this
application were produced using the method described in greater
20 detail below: the parental plasmid, in the case shown here pEpi-
delCM18opt, consisting of miniplasmid and minicircle region, was
introduced by electrotransformation into E. coli XLl Blue''®’.
After selecting individual clones on agar plates (using an
appropriate selective medium), the regpective plasmid DNA of the
25 clones was investigated for the correct base sequence by
restriction digestion and seqgquencing. Long-term storage of the
correct clones was achieved by mixing a 5 mlL overnight culture
with 87% glycerol in a 1:1 ratic and storing at -20°C (glycerol

stock) .

30 The parental plasmid was generated for subsequent in vitro
preoduction of minicircle DNA by transferring some of the culture

from the glycerol stock into an Erlenmeyer flask containing LB



Prior to L-arabinose induction, some culture from the glycerol 20 stock was transferred into an
Erlenmeyer flask with LB selective medium and cultured at 30C for 24 h. The culture was then
centrifuged at 3700xg for 15 min. The pellet was resuspended or washed in MO minimal medium (M of
the previous volume) and centrifuged again for 15 min at 3700xg. The pellet was then 25 resuspended
in the original culture volume in MO minimal medium With addition of 0.2% L-arabinose and incubated
in an Erlenmeyer flask for S h at 30C and 180 rpm on an orbital shaker. In this way, Flp recombinase
expression wasSnaGEedSwicH IR tirccatalyserrecofibmaiion 6fthe’paretitdl pRSniB It nffic4 cies
"'l and miniplasaids {this reaetion tleesmetsprotemdrquantitativetsin the=kacteriayssch that residues of
unreacted paren(al plasmid. aways. remain ny e, pagleria), 19 for-ta.aip. Ifie plasmid DiAwas
prepared using a (3IAGEN Plasmid Kit in"accordance with the manufactdrer’s instructions. The
unreacted paréntatpiasiitiard theifirfpre mitobtaed A by prodtét Which WasSReErEifed were

finearised by avernight S restriction digestion ysing,astitable restriction enzyme which only cuts in the
miniplasmid region. The minicircie was left unchanged by this reaction and therefore remained in the

cob state. The-prodycts of resrictign digestion were separated by gel electiophoresis (1%,agarose gel

+ 0.5 mg/m1 ethidium 10 bromide). The gel fragment comprising the cob minicircie DNA was excised
with a scalpel 8hE BN taSeSTheSTHIEKER WaS retsvBret it the GeFtRiG the OTAGEN &
Extraction Kit itiaecortancenwith ghednandfactuter s insttctions: ge sthemitial-eolsere ok theibacterial

cultures was 50 rinl in ses. As.is,clearly visible in Fig. 2, yield of MC DNA relative to the
initial volume i%%h%%gagg%%ﬁfﬁﬁﬁfgseégpr;rgo%% a\{lgé %né% E!lg hér%gtﬂegr!ﬁeetﬁg a%%r’di%%[o the
inventionltRaniH2hé tnéfifo By offifig SeyetiteZspecifie TREOmBinatish. The reagofs for 20 this are in
particular the highenéitialiumberofIRRCopies penbacteridmdnihe sisainsfdiacteriaitgedfor the
method accordi(r:\%fo etlﬂe igvgntigg Pndrttheelov\]/vesr %@igé%nc%e %f sequence-s ee%ific r.ecor@pjgation in
comparison with |g§tloh (cféarig\/ visible from the strong PP band‘in tﬁe gel). 5 2'Détection of the
superhelical stefd&Bf iFoikrdpradesedmihicircie accordance with the manufacturer's

instructions.

15 The linearised minicircle DNA wasg religated at 16°C for 16 h by a
T4 ligase. The ligated DNA from the ligation batch was purified
by agarose gel electrophoresis using the QIAGEN Gel Extraction

Kit in accordance with the manufacturer's instructions.

Conversion of the ligated minicircle into the ccc state was

20 achieved by incubation with a DNA gyrase at 37°C. The incubation
time was here determined on the basis of the desired degree of
coiling and was between 30 min and 24 h. The batch was separated
by gel electrophoresis (1% agarose). The DNA was here stained
with the assistance of methylene blue and the gel fragment

25 comprising the ccc minicircle DNA was excided from the gel with a
scalpel. The minicircle was recovered from the gel using the
QIAGEN Gel Extraction Kit in accordance with the manufacturer's

instructions.

Production of the recombination-induced minicircles from the same
30 parental plasmid (pEpi-delCMl8opt) as the semi-synthetic
minicircles was carried out as follows by the conventional method

using recombinases:



The superhelical status of a DNA molecule indicates the extent to which the double helix is itself
further coiled_ This "coiling status" is regarded as decisive for the efficiency of DNA vectors 30 with
regard to their capability for transforming eukaryot c cells with a significant impact on stability of
expression and integration into the host cell genome. 20 2.1 Superhelical status of plasmid DNA
isolated from bacteria An agarose gel to which a specifig¢ concentration of chloromiine has been added
is suitable for investigating the degree of coiling of cep DNA (10). Chloroduine inserts positive 5
"supercoils" infolthie megative casDNAdMereaverpthe tet PDNAChand ¢siseparatedras afuheladn of the

tightness of CoﬂiﬂgesT,h%Hlectﬁogdf‘/%ﬁésk%%@bﬁgﬁg-_Igé%ﬁﬂgiﬂ&%c%@éﬁ%ﬂ@ pMAXGEP
(LONZA, Nucleofector Kit), CMV-GEP parental plasmid. (Plasmid Factory' and pEpi-delCM1Bopt
(Rentschler Biotechiiol&GieT16Pwere 2&paratet 6n %’O,%@/bjacfaﬁ)%éfbéﬂ%?ﬁ 2 504 M6t dhitdrocuine
for 15 h at 2.5 ¥ecm- {Fig.E3)p Both ¢thelcommrerciat plasmidisamples anehtire=selfipreparedeplasmid

DNA from E. cofl £1,1 Blue {pEpi-delGM180opt) are g:mixiure phaplasmid with,vatious "degrees of

coiling”. It is clear from the 15 graph that there is no uniform coiling index which predominates in

prokaryotes, eSERTAESHIE hAVirg'its oW band patterm Bt Chfbrotufife Eorcentratian Bf 25 4g micoo
DNA with an elevated @oilihg indereruns faster tiwali one withacloivsopingdadex. ThevdNA behaviour is
reversed at higher,ghloreauing, 20 coneentrations..2.2, Cempayison of the superhelicl statys of MC
from site-specific recombination and of (invitro) MC according to the invention In order to permit a
comparison of th& Coiing of- Hi® MIARSrCiES 25%btained by site-specific recombination with the in vitro
minicircles, the smallest quantity of DNA to be used was determined, since the yield of minicircies by
site-specifi¢c recomhinationas veiy lovi 50500 ngtdilugions ofithecéespadental plasmidircle
PEpi-delCM150ptwere used far.thisspumese,30(Fg. 4),,50 pdef,DNA are sufficient to separate the cc

DNA in order to be able to evaluate the resultant band pattern with ImageJ. The band patterns of the

MCs producefﬁ?%ﬁﬁ%ﬁé?&%ﬁ?ﬁ’aﬂ&fter selecting individual clones on agar

plates (using an appropriate selective medium), the respective
plasmid DNA of the clones was investigated for the correct base
15 sequence by restriction digestion and sequencing. Long-term
storage of the correct clones was achieved by mixing a 5 mL
overnight culture with 87% glycerol in a 1:1 ratio and storing at

-20°C (glycerol stock).

Prior to L-arabincse induction, some culture from the glycerol

20 stock was transferred into an Erlenmeyer flask with LB selective
medium and cultured at 30°C for 24 h. The culture was then
centrifuged at 3700xg for 15 min. The pellet was resuspended or
washed in M9 minimal medium (¥ of the previous volume) and
centrifuged again for 15 min at 3700xg. The pellet was then

25 resuspended in the original culture volume in M9 minimal medium
with addition of 0.3% L-arabinose and incubated in an Erlenmeyer
flask for 5 hh at 30°C and 180 rpm on an orbital shaker. In this
way, Flp recombinase expression was induced, which in turn
catalysed recombination of the parental plasmid into minicircles

30 and miniplasmids (this reaction does not proceed quantitatively
in the bacteria, such that residues of unreacted parental plasmid

always remain in the bacteria).

The non-chromosomal DNA (= minicircle, parental plasmid and

miniplasmid) was recovered by centrifuging the culture at 6000xg



in E. coil and of the in vitro MOs were compared in order to demonstrate the suitability of the gyrase in
the in vitro generation of cor: DNA for achieving the various, coiling indices. = The degree of coiling of
cep DNA was investigated by separating 5 the cot DNA with the assistance of a chloroquineiagarose
gel. In order to generate the in vitro MCs, an investigation was carried out to determine whether the
licrase may be used together with the gyrase in a reacat®on batch. As may be inferred from Fig. 5 (A,
track 2), this is not possible under the tested 10 reaction conditions. Gyrase treatment had no effect in
this case. Purifi€aticit of-tie ligafioR Wit StbBYuEnt gyrass redthehtdon tREASIREr RargMprbvided a

positive result,d:e. coo PNALRI & Avitrack 3). Acamparsen.ofdhetwo MGs reveals that both MCs
have a comparable band pattern, but the band is particularly 15 pronounced for the in vitro MC. A

further advantage of fhe navel method is th ggg%ggag;y@ogggiIitqganﬁtpgggiv&trgg\gglsnrggyapse directly

adjusted by the duantity of gyrase used and the incubation time. In the present case, a large quantity
of gyrase (5 UPWaRrased antl'a Fng #icilsaticrt ke selettdd, in'orfer 16D Bbtain e tiifdrm band
pattern which reflects ecuriform gisttibotionaf-different;degrees-efeailing {details-stated-hy the gyrase
manufacturer New En qunqgi%lgbs: 2. U 9%%%@56 %oils 0.5 pg omelNAcin 3 emierg.Ssiyee{gication of the

purity of the in Vitrd M preparatlgnglz% 3 R Di e%lnc%ﬁ/'pro uced MC f)?eparatlons were compared

in order to deri&RSRaEStheHighet HUTRT DT ot riovel ThetRFPESIatifB 3o TRE VaRiotECotAeF methods. To
this end, a PCPx aas. inrgach casecalried oul-0n the niniplasaid regionand ovesenaef the two FRT

30 recognition si%ls resent in the PP in order to detect any parental pl mi%nwgich may possibly be
present (Fig. 6] MES Whic ad Been generted Tromie B pEpLatleMLERt - e used for this
purpose.122 ThecPCEEteadlithsfor detegting mignplashfidend/or parental plasmid eoRt@niragion in
the minicircle prepasation weresn@calpel on a UV table. The minicircle was

recovered from the gel using the QIAGEN Gel Extraction Kit in

accordance with the manufacturer's instructions.

The initial volume of the bacterial cultures was 50 mL in both

15 cases.

As is clearly visible in Fig. 2, the yield of MC DNA relative to
the initial volume of the bacterial cultures is approx. 10-15
times higher in the method according to the invention than in the
method involving sequence-specific recombination. The reasons for
20 this are in particular the higher initial number of PP copiles per
bacterium in the strain of bacteria used for the method according
to the invention and the lower efficiency of sequence-specific
recombination in comparison with ligation (clearly wvisible from

the strong PP band in the gel).

25 2. Detection of the superhelical status of in vitro produced

minicircle

The superhelical status of a DNA molecule indicates the extent to
which the double helix is itself further coiled. This "coiling
status" 1s regarded as decisive for the efficiency of DNA vectors

30 with regard to their capability for transforming eukaryotic cells
with a significant impact on stability of expression and

integration into the host cell genome.



case presented in the present application, carried out as described below: 5 POP |- Detection of
miniplasmid or parental plasmia: 10 pmol of "primer 2" (TTTTCTGCGCGTAATCTGCT) and "primer 4"
(GTAAAAAGGCCGCGTTGCT) were used in each reaction. These were used, in order to amplify any
contamination, with 10 ng of minicircie preparation or parental olasmid control DNA using 10 RedTaq
polymerase (Invitrogen) byof following programme: 2/80 cycles 72600 4300 16 L The parental
plasmid pEpi-delCM18opt corresponding to the minicircles was used as positive control_ The

amplification pteductIsnrregpécrt priersverdt SfecHvEenPltoh<sTthEYS cberatibA T’ ™ 3ize of 602
bp. 15 PCP 2 - Detection of parental plasmid: 10 pmcl of "primer 1" (GCATGCCATCATGACTTCAG)
and "primer 2"§CGAAACSSAECCICATCET & Toprerertised in eacheactiono Thaseowerg:tised, in

order to amplity any ontayination, with 40 Ind of minicircie prenaraon,or parental piasmid control
DNA usingpolymerase (Invitrogen) by means 20 of fol owing programme: Temperature ['CI1

coiling of ccec DNA (10). Chloroguine inserts positive

5  m"gupercoils" into the negative ccc DNA. Moreover, the ccc DNA

band is separated as a function of the tightness of coiling. The

method was first established. To this end, the ccc plasmids

PMAXGFP (LONZA, Nucleofector Kit), CMV-GFP parental plasmid

(Plasmid Factory) and pEpi-delCMl8opt (Rentschler Biotechnologie)

10 were separated on a 0.8% agarose gel with 2.5 pg ml ™" of

chloroquine for 15 h at 2.5 V cm’® (Fig. 3).

Both the commercial plasmid samples and the self-prepared plasmid
DNA from E. coli XL1l Blue (pEpi-delCMl8opt) are a mixture of a
plasmid with various "degrees of coiling". It is clear from the

15 graph that there is no uniform coiling index which predominates
in prokaryotes, each plasmid having its own band pattern. At a
chloroquine concentration of 2.5 pug ml™’, ccc DNA with an
elevated coiling index runs faster than one with a low coiling
index. The DNA behaviour is reversed at higher chloroquine

20 concentrations.

2.2 Comparison of the superhelical status of MC from site-
specific recombination and of (in vitro)} MC according to

the invention

In order to permit a comparison of the coiling of the minicircles

25 obtained by site-gpecific recombination with the in vitro

Q

minicircles, the smallest guantity of DNA to be used was

determined, since the yield of minicircles by site-specific

recombination is very low. 50-500 ng dilutions of the ccc

parental plasmid pEpi-delCMl8opt were used for this purpose
30 (Fig. 4).

50 ng of DNA are sufficient to separate the ccc DNA in order to
be able to evaluate the resultant band pattern with Imaged. The

band patterns of the MCs produced by site-specific recombination
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in E. coli and of the in vitro MCs were compared in order to
demonstrate the suitability of the gyrase in the in vitro

generation of ccc DNA for achieving the various coiling indicesg.

The degree of coiling of ccc DNA was investigated by separating

the ccc DNA with the assistance of a chloroquine/agarose gel.

In order to generate the in vitro MCs, an investigation was
carried out to determine whether the ligase may be used together
with the gyrase in a reaction batch. As may be inferred from

Fig. 5 (A, track 2), this is not possible under the tested
reaction conditions. Gyrase treatment had no effect in this case.
Purification of the ligation with subseguent gyrase treatment, on
the other hand, provided a positive result, i.e. ccc DNA (Fig. 5,
A, track 3). A comparison of the two MCs reveals that both MCs
have a comparable band pattern, but the band is particularly
pronounced for the in vitro MC. A further advantage of the novel
method is that the quality of coiling of the in vitro MCs may be
directly adjusted by the gquantity of gyrase used and the
incubation time. In the present case, a large guantity of gyrase
(5 U) was used and a long incubation time selected, in order to
obtain a uniform band pattern which reflects a uniform
distribution of different degrees of coiling (details stated by
the gyrase manufacturer New England Biolabs: 1 U of gyrase coils

0.5 pg of DNA in 30 min).

3. Verification of the purity of the in vitro MC preparations

by PCR

Differently produced MC preparations were compared in order to
demonstrate the higher purity of our novel method relative to the
various other methods. To this end, a PCR was 1in each case
carried out on the miniplasmid region and over one of the two FRT
recognition sites present in the PP in order to detect any
parental plasmid which may possibly be present (Fig. 6). MCs
which had been generated from the PP pEpi-delCMl8opt were used

for this purpose.



4 300 23 16 The parental plasm' nEpi-delICM18opt corresponding to the minibircles was used as
positive control. The amplification product to be expected in the event of contamination of the
preparation has a size of 876 bp. 5 surprisingly, only the minicircle produced using the conventional
method in E. coli EL250 contains contamination with parental plasmid and possibly also miniplasmid.
The in vitro minicircle produced using the novel metha®no longer contains any MP or PP DNA
contamination. 10 4.Checking of correct assembly of the in vitro MC by the ligase The in vitro MC was
partially sequetieedPieRinvestigatewhiethie AtHee MG s o cokesponts with fegardteits sequence to the
MC generated v site-spesific recembinatian. che this,end, thesegion, 15.0fthe FRTsite; obtained after
recombination was sequenced (Fig. 7), MC and MP firstly being separated by the restriction enzyme
Xnall, after whichthé’ M Hagiment wasreligated by Srculansation t51rm the d&sifdd in vitro MC.
Data from the pastialihadtroaM Cssequencing revealed that the 20 FRT region of the in vitro MCs
corresponds to that of the FRT region of the vector map. Restriction with Thai followed by ligation
gives rise,s:s incsiterspegiicdecombination: te anew FRT site-Ihis thys impressivelydemopstrates
the superiority of the nov IIbﬁQ{d% % tion of the linear MC - fragments to form
circular in vitro MCs ﬁJrngtquoms%re ia Té%agé%%n‘&%gcrg% Eeapnré)seﬁf %gfuﬁtsMhe data in the present
application showthaRRAS PESSISIET Aathbuteising sitE-spedfic recsmbinases, Topreduea MC DNA

vectors in vitro; 4bg structurad properties,of which sorespoRthation, with 10 ng of
minicircle preparation or parental plasmid control DNA using

10 RedTaqg polymerase (Invitrogen) by means of following programme:

Temperature [°C] Time
[s]
95 120
95 60
50 60 } 30
72 60
cycles
72 600
4 300
16 i

The parental plasmid pEpi-delCMl8opt corresponding to the
minicircles was used as positive control. The amplification
product to be expected in the event of contamination of the

preparation has a size of 602 bp.

15 PCR 2 - Detection of parental plasmid: 10 pmol of "primer 1"
(GCATGCCATCATGACTTCAG) and '"primer 2" (CGAAACGATCCTCATCCTGT) were
used in each reaction. These were used, in order to amplify any
contamination, with 10 ng of minicircle preparation or parental
plasmid contyrol DNA using RedTaqg polymerase (Invitrogen) by means

20 of following programme:

Temperature [°C] Time [s]
95 120
95 60
56.5 60 } 30 cycles
72 90
72 600
4 300




24 to those of MCs produced conventionally by site-specific recombination. The V produced by the in
vitro method are distinguished by significantly higher purity while the production method is 5
distinguished by a distinctly higher yield relative to the initial volume of the bacterial cultures. By
dispensing with site-specific recombination for production of the MOs, any plasmid DNA vectors may
in principle be used as a starting material for producing3MCs. The in vitro method does not 10 involve
cloning of the desired vector sequences ("gene of interest") into specific parental plasmids with
corresponding recombinatidn sequences. |25 Bibtiography (1)Bigger Brian W. et al_ 2006, Methods of
making minicircles, United States Patent Application 20060211117 Broil Sandra 2009,
Selbstreplizierendeicbtyikale, 5 EpisomenrdMinicircles)o Expressiopseigenschafternund Etablierung im
Zellkern [self-reglicatin% on-viral epi%?mes mini%irclesg extprefsi ch%acltegstic%ggg establishment
in cell nucIeus]I,1 dissertanion - Broil Sandra et al. b%iO,%ﬁin%irde eerforrﬁaﬁ“cé'ﬁepending 100n
S/MAR-Nuclearvandx InteraeticresJordal of Mslegukart of contamination of the

preparation has a size of 876 bp.

5 Surprisingly, only the minicircle produced using the conventional
method in E. coli EL250 contains contamination with parental
plasmid and possibly also miniplasmid. The in vitro minicircle
produced using the novel method no longer contains any MP or PP

DNZA contamination.

10 4. Checking of correct assembly of the in vitro MC by the

ligase

The in vitro MC was partially sequenced to investigate whether

the MC also corresponds with regard to its sequence to the MC

generated by sgite-gpecific recombination. To this end, the region
15 of the FRT site obtained after recombination was sequenced

(Fig. 7), MC and MP firstly being separated by the restriction

enzyme Xbal, after which the MC fragment was religated by

circularisation to form the desired in vitro MC.

Data from the partial in vitro MC seguencing revealed that the

20 FRT region of the in vitro MCs corresponds to that of the FRT
region of the vector map. Restriction with Xbal followed by
ligation gives rise, as in site-specific recombination, to a new
FRT gite. This thus impressively demonstrates the superiority of
the novel method. As expected, religation of the linear MC

25 fragments to form circular in vitro MCs functions reliably.
5. Summary of the present results

The data in the present application show that it is possible,
without using site-specific recombinases, to produce MC DNA

vectors iIin vitro, the structural properties of which correspond



Biology, Volume 393, Issue 5, 950-965 Che-Kun James C. et al. 1986, DNA supercoilmng of
recombinant blasmids in mammalian cells, Proc. Natl. Acad. Sci. USA, Vol. 83, bp 1641-1645 15
(5)Chen. Zhi-ying et al. 2003, Minicircie DNA Vectors Devoid of Bacterial DNA Result in Persistent and
High Level Transgene expression in vivo; Molecular Therapy, Vol. 8, 495-497 (6)Chen Zhi-ying et al.
2004, Silencing of episomal transgene expression by pkasmic:a bacterial DNA elements in vivo, Gene
20Therapy, Vol. lli 856-664 Chen Zhi-ying et all 2005, Improved Production and Purification of
Minicircle DNA-Vettorsereet of PrasmitiBacteridi'Sequences andi@apable-ebPeidistent Transgene
Expression In Vivo, Hunan Gene Therapy, Vol. 16, 126-131 25 (8)Chen Zhi-ying et al. 2010, Minicircle
DNA vector preparations and methods of making and using the same, United States Patent
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Minicircle vector production. Uitsd States PEISAT Application 20070031378 (12) Mayrhofer Peter et al.
2008, circle-DNA production by

By dispensing with site-specific recombination for production of

the MCs, any plasmid DNA vectors may 1in principle be used as a

starting material for producing MCs. The in vitro method does not

10 invelve cloning of the desired vector seguences ("gene of
interest") into specific parental plasmids with corresponding

recombination seqguences.



site specific recombination and protein-DNA interaction 5chromatography; The Journal Of Gene
Medicine, Vol. 10, 1253-1269 (13) Nehlsen Kristina 2004, Molekuiare Grundlagen der episomalen
Replikation: Charakterisierung zirkuldrer, nichtviraler Vektoren [molecular bases of episomal
replication: 10characterisation of circular, non-viral vectors]; dissertation (14) Nehisen Kristina at al.
2006, Replicating mini:: roles: Generation of nonviral €sisomes for the efficient modification of dividing
cells, Gene Trier Mol Biol Vol 10, 15233-244 (15) Zechiedrich L. at al. 2009, Generation of minicircle
DNA with physﬁéwrﬁﬁéfcomng United States Patent 7622252 (16) Bullock WO, Fernandez
JM, JM Short. 1987. XL1-blue. A high 20efficiency piasmid transforming recA Escherichia coli strain
with beta-galactosidaBéxselection 2Biotecknidiles 5:.0376-378- 12¥€|aimsnd KA myethodifor proeucing a

circular DNA vector in;supehelical farm,, comprising the steps:(@) cleaving-a parental olasmid with

one or more 5restr|ct|on enzymes, the parental plahmid containine o
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United States Patent Application 20100075401
(9) Egposito Franca et al. 1987, Supercoiling in prokaryotic
and eukaryotic DNA: changes in response to topological
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the sequence of the DNA vector together with heterologous sequences, in order to obtain a linear DNA
vector fragment with the sequence of the DNA vector, 10(b)separating the linear DNA vector fra9inent
from other restriction cleavage products, ligating the linear DNA vector fragment in order to obtain a
circular DNA vector in relaxed form, (d) separating the circular DNA vector from other ligation
15products, (e) coiling the circular DNA vector from step (d) with a gyrase in order to obtain a circular
DNA vector in superhelical form, and optionally purifying the circular DNA vector in
20superhelical(forin tYaseparate itfesrarsecordary 3roducts. 2A metho dvaccordimy totelinnet,,

characterised in that the pakertak plasnid isebtained by.culturingsahpstcedl, in particular a prokaryotic
host cell, and isolating the 25§plasmid from the_host cell. 3A method according to claim 2, characterised
a

in that the parental pfasHiid 3S Bbtamed rom the hoSt el i BirCafar 16rm 2A0M&tHSEE 52Bofding to any
one of claims 1-3, charactersed 30in thatapareatal wlasmid g osed:which is:free af rtecombinase

reconﬂo%Sequean§uxmmtography; The Journal Of Gene Medicine, Vol. 10,
1253-1269
(13) Nehlsen Kristina 2004, Molekulare Grundlagen der episomalen
Replikation: Charakterisierung zirkuldrer, nichtviraler
Vektoren [molecular bases of episomal replication:
10 characterisation of circular, non-viral vectors];
dissertation
(14) Nehlsen Kristina et al. 2006, Replicating minicircles:
Generation of nonviral episomes for the efficient
modification of dividing cells, Gene Ther Mol Biol Vol 10,
15 233-244
(15) Zechiedrich L. et al. 2009, Generation of minicircle DNA
with physioclogical supercoiling, United States Patent
7622252
{16) Bullock WO, Fernandez JM, JM Short. 1987. XLl-blue. A high
20 efficiency plasmid transforming recA Escherichia coll
strain with beta-galactosidase selection. Biotechniques 5:

376-378



28 comprise the sequences necessary for propagation in a host cell, in particular a prokaryotic host
cell. 6. A method according to any one of claims 1-5, charactersed in that a DNA vector is produced
which is free of 5prokaryotic sequences. 7. A method according to any one of claims 1-6,
characterised in that the DNA vector contains a transgene operatively linked with regulatory
sequences. B.A method according to any one of clains71-7, characterised in that a DNA vector is
produced which contains S/IMAR sequences. A method according to any one of claims 1-8,
characterised fnt#fShe restriction cleavage in stem (a) is carried out in vitro. 15 10. A method
according to any one of claims 1-9, characterised in that step (b) comprises a gel electrophoresis, in
particular an agarosezgelssiectiophoresisdlt i Adanethdd acterdingzoway oneiof claims 1-10,
characterised in that %@%@qq in stet (c), i{s gggﬁc{g%' vifro. g@e%g.ZA method according to any one

of claims 1-10, characterised in that the coiling in step (e) is carried out in vitro. 13. A reagent kit for
producing a circular DRA vett§En S ernipficartctm, in paticular ¥6r 688 ifa AfetRod according to any
one of claims 1-12, comprisings2x(a)aiigasen thysegyrase; and-eptianally epeior mofe sestrieton

enzymes. 14. A preparation of a minicircie DNA vectarin wq@gl?g&@g% Ccharacterised by the
absence of linear or circular 30miniplasmid and/or parental plasmid.
heterologous sequences, in order to obtain a linear

DNA vector fragment with the sequence of the DNA
vector,
10 (b) separating the linear DNA vector fragment from other
restriction cleavage products,
(c) ligating the linear DNA vector fragment in order to

obtain a circular DNA vector in relaxed form,

(d) separating the circular DNA vector from other ligation
15 products,
(e) coiling the circular DNA vector from step (d) with a

gyrase in order to obtain a circular DNA vector in
superhelical form, and
(£ optionally purifying the circular DNA vector in
20 superhelical form to separate it from secondary

products.

2. A method according to claim 1, characterised in that the
parental plasmid is obtained by culturing a host cell, in
particular a prokaryotic host cell, and isolating the

25 plasmid from the host cell.

3. A method according to claim 2, characterised in that the

parental plasmid is obtained from the host cell in circular

form.
4. A method according to any one of claims 1-3, characterised
30 in that a parental plasmid is used which is free of

recombinase recognition seguences.

5. A method according to any one of claims 1-4, characterised

in that the heterologous sequences of the parental plasmid



29 15. A preparation according to claim 14, obtainable by method according to any one of claims 1-12.
A method for producing superheldcal circular DNA vectors, comm-isindrestriction cleavage of a
parental plasmic,' Sin vitro, in order to obtain a linear DNA vector fragment with the sequence of the
DNA vector, (b) ligation of the linear DNA vector fragment in vitro, in order to obtain a circular DNA
vector in relaxed form, and (c) coiling of the circular DAA vector in relaxed form witn gyrase in vitro. 10
17. A method according to any one of claims 1-12 and 16, wherein the circular DNA vector is a
minicircle DNA vectoEI® A $hethtrl secording fo 2hyeene of claimse Itz andire 173 chakactérised in

that the method is capied out withgutiusing Site- @ndiéar-sequence-spegific recombinases, such as
15for example PIP.

6. A method according to any one of claims 1-5, characterised
in that a DNA vector is produced which is free of

5 prokaryotic seguences.

7. A method according to any one of claims 1-6, characterised
in that the DNA wvector contains a transgene operatively

linked with regulatory sequences.

8. A method according to any one of claims 1-7, characterised
10 in that a DNA vector is produced which contains S/MAR
sequences.
9. A& method according to any one of claims 1-8, characterised

in that the restriction cleavage in step (a) is carried out

in vitro.

15 10. A method according to any one of claims 1-9, characterised
in that step (b) comprises a gel electrophoresis, in

particular an agarose gel electrophoresis.

11. A method according to any one of claims 1-10, characterised

in that the ligation in step (c¢) is carried out in vitro.

20 12. A method according to any one of claims 1-10, characterised

in that the coiling in step (e) is carried out in vitro.

13. A reagent kit for producing a circular DNA vector in
superhelical form, in particular for use in a method

according to any one of claims 1-12, comprising

25 (a) a ligase,
(b) a gyrase, and
(c) optionally one or more restriction enzymes.
14. A preparation of a minicircle DNA vector in superhelical

form, characterised by the absence of linear or circular

30 miniplasmid and/or parental plasmid.



10

15

15.

17.

18.

29

A preparation according to claim 14, obtainable by the

method according to any one of claims 1-12.

A method for producing superhelical circular DNA vectors,
comprising (a) restriction cleavage of a parental plasmid
in vitro, in order to obtain a linear DNA vector fragment
with the sequence of the DNA vector, (b) ligation of the

linear DNA vector fragment in vitro, in oxder to obtain a
circular DNA vector in relaxed form, and (c) coiling of the

circular DNA vector in relaxed form with gyrase in vitro.

A method according to any one of claims 1-12 and 16,

wherein the circular DNA vector is a minicircle DNA vector.

A method according to any one of claims 1-12 and 16-17,
characterised in that the method is carried out without
using site- and/or sequence-gpecific recombinases, such as

for example FLP.



