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Hence, there is a need for efficient replication vefictors comprising homopolymeric

sequences with high fidelity.

Summary
A solution to these problems is the provision ofalently closed circular recombinant DNA

molecules in which the homopolymeric sequence idauated directly next to the origin of
replication in the direction of replication, butwhich there is a certain distance between the

homopolymeric sequence and the origin or replicatio

In one aspect, the present disclosure refers talently closed circular recombinant DNA
molecule comprising: a bacterial origin of replioat an insert comprising a homopolymeric
region, wherein the homopolymeric region compresdeast one homopolymeric sequence
comprising a stretch of at least 15 identical noitkes and is located at a distance of at least
500 bp from the bacterial origin of replicationtive direction of replicatiowherein the
homopolymeric region comprises at least one polg@guence and wherein the poly(A)

sequence comprises a sequence of about 20 to 4R@aidenosine nucleotides.

Accordingly, disclosed herein is a covalently cibsecular recombinant DNA molecule
comprising:

- an origin of replication,

- an insert comprising a homopolymeric region,

wherein the homopolymeric region is located atsdagice of least 500 bp from the origin of
replication in the direction of replication.

Also disclosed herein is a covalently closed cacutcombinant DNA molecule comprising:
- an origin of replication,

- an insert comprising a homopolymeric region,

wherein the insert comprising a homopolymericoags oriented so that the direction of
transcription of the insert is the same as thectioe of replication of the origin of
replication.

The covalently closed circular recombinant DNA neolle in which the homopolymeric
region is located at a distance of least 500 b fitee origin of replication in the direction of
replication may improve the yield of the covalertdlgsed circular recombinant DNA
molecule in fermentative production compared toyileéd of a covalently closed circular
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same as the direction of replication of the origfimeplication is increased compared to the
yield of a covalently closed circular recombinamMi/Admolecule in which the insert
comprising the homopolymeric region is orientedhsd the direction of transcription of the
insert is opposite to the direction of replicataitthe origin of replication. Moreover, the
fermentation time is shortened, compared to thedetation time of a covalently closed
circular recombinant DNA molecule in which the insmmprising the homopolymeric
region is oriented so that the direction of traipdimn of the insert is opposite to the
direction of replication of the origin of replicati.

Further disclosed herein is a method that the sexguef the covalently closed circular
recombinant DNA molecule remains stable during ertative production.

For example, the homopolymeric region remains stdbting fermentative production.

In another aspect, the present disclosure refdrsetase of a covalently closed circular
recombinant DNA molecule for increasing the yiefdhe covalently closed circular
recombinant DNA molecule in fermentative productimmpared to the yield of a
covalently closed circular recombinant DNA molecdmevhich the insert comprising the
homopolymeric region is located at a distance &4 than 500 bp from the bacterial origin of
replication in the direction of replication, whereéhe covalently closed circular recombinant
DNA molecule comprising: a bacterial origin of riggkion, an insert comprising a
homopolymeric region, wherein the homopolymeridoegomprises at least one
homopolymeric sequence comprising a stretch afaat|15 identical nucleotides and is
located at a distance of at least 500 bp from #wtebial origin of replication in the direction
of replication. In yet another aspect, the predi&aiosure refers to the use of a covalently
closed circular recombinant DNA molecule as disetbkerein for increasing the yield of the
covalently closed circular recombinant DNA in femtegive production compared to the
yield of a covalently closed circular recombinamMi/Admolecule in which the insert
comprising the homopolymeric region is located diséance of less than 500 bp from the
bacterial origin of replication in the direction m@plication. In a further example, the present
disclosure refers to the use of a covalently clagemlilar recombinant DNA molecule
disclosed herein for increasing the yield of theatently closed circular recombinant DNA
in fermentative production compared to the yielédabvalently closed circular recombinant
DNA molecule in which the insert comprising the tagralymeric region is oriented so that
the direction of transcription of the insert is opjte to the direction of replication of the
bacterial origin of replication.

In a further aspect, there is disclosed a methotefmentative production of a covalently
closed recombinant DNA molecule comprising the st&(a) providing a microorganism
comprising the covalently closed circular recomhtiaNA molecule, wherein the
microorganism is a bacterium, wherein the covajetitdsed circular recombinant DNA
molecule comprising: a bacterial origin of replioat an insert comprising a homopolymeric
region, wherein the homopolymeric region compresdeast one homopolymeric sequence
comprising a stretch of at least 15 identical notitkes and is located at a distance of at least
500 bp from the bacterial origin of replicationtie direction of replication, and; (b)
fermenting the microorganism of step (a).

In yet another aspect, the present disclosuresrédest method for improving the yield of a
covalently closed circular recombinant DNA molecttenprising the following steps: (a)
providing a covalently closed circular recombinBiNA molecule having a bacterial origin
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of replication, and an insert comprising a homopwyic region comprising at least one
homopolymeric sequence comprising a stretch adfati15 identical nucleotides, wherein
the homopolymeric region is located at a distaridess than 500 bp from the bacterial
origin of replication in the direction of replicati; (b) modifying the covalently closed
circular recombinant DNA molecule of (a) so that thsert comprising a homopolymeric
region sequence is located at a distance of at3@asbp from the bacterial origin of
replication in the direction of replication.

In yet another aspect, the present disclosuresrédest method for improving the yield of a
covalently closed circular recombinant DNA molecttenprising the following steps: (a)
providing a covalently closed circular recombinBiNA molecule having a bacterial origin
of replication, and an insert comprising a homgpwric region comprising at least one
homopolymeric sequence comprising a stretch afaat|15 identical nucleotides, wherein
the insert comprising the homopolymeric region sege is oriented so that the direction of
transcription of the insert is opposite to thesdiron of replication of the bacterial origin of
replication, and wherein the homopolymeric regmiocated at a distance of at least 500 bp
from the bacterial origin of replication in the efition of replication; (b) modifying the
covalently closed circular recombinant DNA molecoléa) so that the insert comprising a
homopolymeric region is oriented so that the dicgcof transcription of the insert is the
same as the direction of replication of the baateniigin of replication.

In a further aspect, the present disclosure reéfettse use of the covalently closed circular

recombinant DNA molecule disclosed herein foritheitro transcription of RNA.

Disclosed herein is a method for improving thediel a covalently closed circular

recombinant DNA molecule comprising the followirtgss:

(a) providing a covalently closed circular reconasinDNA molecule having
- an origin of replication, and
- an insert comprising a homopolymeric region, wirethe homopolymeric region
is located at a distance of less than 500 bp fiwrotigin of replication in the
direction of replication;

(b) modifying the covalently closed circular redmmant DNA molecule of (a) so that
the homopolymeric region is located at a distaric teast 500 bp from the origin

of replication in the direction of replication.
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CLAIMS

1. Covalently closed circular recombinant DNA malleccomprising:

- a bacterial origin of replication,

- an insert comprising a homopolymeric region,

wherein the homopolymeric region comprises at leasthomopolymeric sequence
comprising a stretch of at least 15 identical notetkes and is located at a distance of
at least 500 bp from the bacterial origin of regiicn in the direction of replication,
wherein the homopolymeric region comprises at leastpoly(A) sequence and
wherein the poly(A) sequence comprises a sequdradgont 20 to about 400

adenosine nucleotides.

2. Covalently closed circular recombinant DNA mallecof claim 1, wherein

the homopolymeric region comprises at least ong(@dlsequence and the at least
one poly(A) sequence.

3. Covalently closed circular recombinant DNA mailecof claim 1 or 2,
wherein the insert comprising a homopolymeric regsooriented so that the
direction of transcription of the insert is the saas the direction of replication of the

bacterial origin of replication.

4. Covalently closed circular recombinant DNA mallecaccording to any one
of the previous claims, wherein the yield of thealently closed circular
recombinant DNA molecule in fermentative product®mcreased compared to the
yield of a covalently closed circular recombinafmAmolecule in which the
homopolymeric region is located at a distance &6 lhan 500 bp from the bacterial

origin of replication in the direction of replicati.

5. Covalently closed circular recombinant DNA malecaccording to claim 3,
wherein the yield of the covalently closed circuiacombinant DNA molecule in

fermentative production is increased compareddoyibld of a covalently closed
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circular recombinant DNA molecule in which the irissomprising the
homopolymeric region is oriented so that the dicgcof transcription of the insert is

opposite to the direction of replication of the teaial origin of replication.

6. Covalently closed circular recombinant DNA malecaccording to any one
of the previous claims, wherein the covalently etbsircular recombinant DNA
molecule is selected from the group consisting a$iplid, cosmid, bacterial artificial

chromosome (BAC), bacteriophage, viral vector dirfds thereof.

7. Covalently closed circular recombinant DNA malecaccording to any one
of the previous claims, wherein the covalently etbsircular recombinant DNA

molecule is a plasmid.

8. Covalently closed circular recombinant DNA malecaccording to any one
of the previous claims, wherein the bacterial origi replication is a high copy

number origin.

9. Covalently closed circular recombinant DNA malecaccording to any one
of the previous claims, wherein the bacterial origi replication is derived from the
pBR322 plasmid, pUC plasmid, pMB1 plasmid, ColE4Asphid, R6K plasmid, p15A
plasmid, or pSC101 plasmid.

10. Covalently closed circular recombinant DNA noole according to any one
of the previous claims, wherein the bacterial origi replication is derived from the

pUC plasmid.

11. Covalently closed circular recombinant DNA noole according to any one
of the previous claims, wherein the covalently etbsircular recombinant DNA
molecule further comprises a primosome assemt#yirsithe heavy strand (PAS-
BH).
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12. Covalently closed circular recombinant DNA noole according to any one
of the previous claims, wherein the covalently etbsircular recombinant DNA

molecule further comprises a selection marker.

13. Covalently closed circular recombinant DNAlewolle according to claim

11, wherein the selection marker is an antibi@gistance gene.

14. Covalently closed circular recombinant DNAlewolle according to claim
11, wherein the selection marker is a sucrose tsddkecmarker.

15.  Covalently closed circular recombinant DNA noolle according to claim 7,
wherein the plasmid is derived from the backbonenrtathe sequence identified in
SEQ ID NO: 4 or having the sequence identified HQID NO: 5.

16. Covalently closed circular recombinant DNA ewlle according to claim 1,
wherein the poly(A) sequence comprises a sequedraigonit 60 to about 250

adenosine nucleotides.

17. Covalently closed circular recombinant DNA ewlle according to claim 2,
wherein the poly(C) sequence comprises a sequédrateat 15 to 200 cytidine
nucleotides.

18. Covalently closed circular recombinant DNA ewlle according to claim 17,
wherein the poly(C) sequence comprises a sequédratat 20 to 40 cytidine
nucleotides.

19. Use of a covalently closed circular recombiri2N#A molecule for increasing
the yield of the covalently closed circular recondsit DNA molecule in
fermentative production compared to the yield cbaalently closed circular

recombinant DNA molecule in which the insert corapng the homopolymeric
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region is located at a distance of less than 50@dop the bacterial origin of
replication in the direction of replication, where¢he covalently closed circular
recombinant DNA molecule comprising:

- a bacterial origin of replication,

- an insert comprising a homopolymeric region,

wherein the homopolymeric region comprises at leasthomopolymeric sequence
comprising a stretch of at least 15 identical notitkes and is located at a distance of

at least 500 bp from the bacterial origin of regiion in the direction of replication.

20. Use of a covalently closed circular recombir2NA molecule as defined in
any one of claims 1 to 18 for increasing the ymflthe covalently closed circular
recombinant DNA molecule in fermentative producttmmpared to the yield of a
covalently closed circular recombinant DNA moleculevhich the insert
comprising the homopolymeric region is located distance of less than 500 bp

from the bacterial origin of replication in the @lition of replication.

21. Method for fermentative production of a covalentosed recombinant DNA
molecule comprising the steps of:

(@) providing a microorganism comprising the cewdlly closed circular
recombinant DNA molecule, wherein the microorganisrma bacterium, wherein the
covalently closed circular recombinant DNA moleccbenprising:

- a bacterial origin of replication,

- an insert comprising a homopolymeric region,

wherein the homopolymeric region comprises at leasthomopolymeric sequence
comprising a stretch of at least 15 identical notetkes and is located at a distance of
at least 500 bp from the bacterial origin of regiign in the direction of replication,
and ;

(b) fermenting the microorganism of step (a).
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22. The method according to claim 21, further cosipg a step of
(c) isolating the covalently closed circular redmnmant DNA molecule from the

microorganism of step(b).

23. Method of claim 21 or 22, wherein the microargan is a bacterium
containing a covalently closed circular recombirtemperature inducible high copy
DNA plasmid and step (b) comprises the followingpst

(i) growing the bacteria containing a covalentlgsed circular recombinant
temperature inducible high copy DNA plasmid atragerature in the range of 25°C
to 32°C during the growth phase of the fed-batchsphwherein the substrate is
supplied at a rate such that the growth rate=3.05 to 0.3ht during the fed-batch
phase,

(ii) inducing production of said DNA plasmid aftdre growth phase by increasing
the temperature to 36°C to 45°C; and

(iif) continuing fermentation at the temperaturelégd (ii) to accumulate the said
DNA plasmid.

24. Method according to claim 23, wherein the terapge applied in step (i) is
about 30°C and the temperature applied in stegs(apout 42°C.

25. Method according to any one of claims 21 tovderein the yield of the
covalently closed circular recombinant DNA molecateording to claims 1 to 18 is
increased compared to the yield of a covalentlyedasrcular recombinant DNA
molecule in which the insert comprising homopolyimeegion is located at a
distance of less than 500 bp from the bacterigioof replication in the direction of

replication.

26. Method according to any one of claims 21 tov@dgrein the yield of the
covalently closed circular recombinant DNA molecagedefined in any one of

claims 1 to 18 is increased compared to the yielapvalently closed circular
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recombinant DNA molecule in which the insert comimg the homopolymeric
region is oriented so that the direction of traipgmn of the insert is opposite to the

direction of replication of the bacterial origin i@plication.

27. Method according to claim 25, wherein the fartagon time is shortened,
compared to the fermentation time of a covalenthged circular recombinant DNA
molecule in which the insert comprising homopolyimeegion is located at a
distance of less than 500 bp from the bacterigioof replication in the direction of

replication.

28. Method according to claim 26, wherein the fartagon time is shortened
compared to the fermentation time of a covalenthged circular recombinant DNA
molecule in which the insert comprising the homgpwéric region is oriented so
that the direction of transcription of the inserbpposite to the direction of

replication of the bacterial origin of replication.

29. Method according to any one of claims 21 tovi2@&rein the homopolymeric

region sequence remains stable during the fermentatoduction.

30. Method according to any one of claims 21 tov#®rein the sequence of the
covalently closed circular recombinant DNA molectdenains stable during

fermentation production.

31. Method for improving the yield of a covalentlpsed circular recombinant
DNA molecule comprising the following steps:
(@) providing a covalently closed circular recombin@NA molecule having
- a bacterial origin of replication, and
- an insert comprising a homopolymeric region casipg at least one
homopolymeric sequence comprising a stretch adamtl15 identical

nucleotides, wherein the homopolymeric region isted at a distance of less
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than 500 bp from the bacterial origin of replicatiorthe direction of
replication;
(b) modifying the covalently closed circular redamant DNA molecule of (a)
so that the insert comprising a homopolymeric regieguence is located at a
distance of at least 500 bp from the bacterialiorg replication in the direction of

replication.

32. Method for improving the yield of a covalentlpsed circular recombinant
DNA molecule comprising the following steps:
(@) providing a covalently closed circular recombin@NA molecule having
- a bacterial origin of replication, and
- an insert comprising a homopolymeric region casipg at least one
homopolymeric sequence comprising a stretch adamtl15 identical
nucleotides, wherein the insert comprising the hpohgoneric region
sequence is oriented so that the direction of trgpison of the insert is
opposite to the direction of replication of thectesial origin of replication,
and wherein the homopolymeric region is locatea distance of at least 500
bp from the bacterial origin of replication in teection of replication;
(b) modifying the covalently closed circular redmmant DNA molecule of (a)
so that the insert comprising a homopolymeric reggasriented so that the direction
of transcription of the insert is the same as theation of replication of the bacterial

origin of replication.

33. Use of the covalently closed circular recombiflaNA molecule as defined

in any one of claims 1 to 18 for thevitro transcription of RNA.



