
Alkylaminoacetamide Lubricant Additives The invention
relates to the use of alkylaminoacetamides, that is
alkylamine, alkylenedi-, alkylenetri- or
alkylenetetra-amine derivatives of
N-alkyl-halo-acetamides, as ashless, phos phorus-free
and sulfur-free antiwear and friction modifying
additives for lubricating oils. U.S. Patent
Specification Nos. 5,282,872 and 5,071,445 disclose
amide, amide/ammonium salt or ammonium salt compounds
of an aminoalkylene polycarboxylic acid and a
secondary fatty amine as additives in fuels. U.S.
Patent Specification No. 5,376,155 teaches the
reaction products of aminoalkylenecarboxylic acids
with primary or secondary amines as paraffin
dispersants in mineral oils. It has now been found
that certain N-alkylaminoacetamide or alkylenedi-,
alkylenetri- or al kylenetetra-amine acetamide
compounds are excellent antiwear and friction
modifying addi tives for lubricating oils. The
invention relates to a composition, which comprises a)
A base oil of lubricating viscosity, and b) An
effective antiwear or friction modifying amount of at
least one compound se lected from the group consisting
of N-alkylaminoacetamide compounds (I), (II):
Alkylenedi-, alkylenetri- or alkylenetetra-amine
acetamide compounds (III): Wherein A is alkylene of
from 2 to 6 carbon atoms or is a groupG, each
independently, is alkylene of 2 to 6 carbon atoms, R,
each independently, is alkyl or alkenyl of 1 to 8
carbon atoms and R1, each independently, is hydrogen
or alkyl or alkenyl or 1 to 24 carbon atoms, provided
that each amide nitrogen atom is either mono- or
disubstituted by alkyl or alkenyl; and that the alkyl
or alkenyl groups have 8 to 24 carbon atoms, if the
amide nitrogen is monosubstituted by alkyl or alkenyl;
and that the carbon atoms of the alkyl or alkenyl
groups have 8 to 18 carbon atoms, if the amide
nitrogen is disubstituted by alkyl or alkenyl. Claim 1
According to specific embodiment of the invention, the
compounds (I), (II) or (III) are present from about
0.15% to about 10% by weight, based on the weight of
the lubricant. Component a) 



A base oil of lubricating viscosity ("lubricant") can
be used for the preparation of combustion engine oils.
The total sulphur content in the low sulphur oil
should not exceed the limit of more than 0.3 weight%
with regard to the total weight of the composition.
Suitable combustion engine oils are based, for
example, on mineral oils, natural oils, syn thetic
oils or mixtures thereof. These oils are known and
familiar to the person skilled in the art and are
described in standard reference books, such as in
Chemistry and Technology of Lubricants; Mortier, RM.
and Orszulik, S.T. (Editors); 1992 Blackie and Son
Ltd. for GB, VCH-Publishers N.Y. for U.S., ISBN
0-216-92921-0, pages 208 et seq. and 269 et seq.; in
Kirk-Othmer Encyclopedia of Chemical Technology,
Fourth Edition 1969, J. Wiley & Sons, New York, Vol.
13, page 533 et seq. (Hydraulic Fluids); Performance
Testing of Hydraulic Fluids; R. Tourret and E.P.
Wright, Hyden & Son Ltd. GB, on behalf of The
Institute of Petroleum London, ISBN 0 85501 317 6;
Ullmann's Encyclopedia oflnd. Chem., Fifth Com pletely
Revised Edition, Verlag Chemie, DE-Weinheim,
VCH-Publishers for U.S., Vol. A 15, page 423 etseq.
(lubricants), Vol. A 13, page 165 etseq. (hydraulic
fluids).The base oil of lubricating viscosity is
preferably a mineral oil derived lubricating base oil
that contains 80% by mass or more of a saturated
hydrocarbon component. Various methods for producing
the mineral oil derived lubricating base oil are
available. For example, the lubri cating base oil may
be a paraffin oil or a naphthenic oil obtainable by
subjecting a lubricating oil fraction derived from an
atmospheric or vacuum distillation of crude oil to
refining proc esses such as deasphalting, solvent
refining such as solvent extraction with furfural,
hydrocracking, solvent or catalytic dewaxing, such as
solvent or catalytic dewaxing, hydrotreating, such as
hydrocracking or hydrofinishing, clay treatment, such
as washing with acid treated or activated clay, or
chemical refining such as washing with caustic soda or
sulphuric acid and the like. Combinations of these
methods are also available for producing the mineral
oil de rived lubricating base oil. Component b)
According to a preferred embodiment, the invention
relates to a composition, which com prises at least
one compound selected from the group consisting of
N-alkylaminoacetamide compounds (I) and (II), wherein
the total number of carbon atoms of the alkyl or
alkenyl groups are from 14 to 18 carbon atoms if the
amide nitrogen is disubstituted by alkyl or al kenyl.
Claim 2 According to another preferred embodiment, the
invention relates to a composition, which 



comprises at least one compound selected from the
group consisting of alkylenedi-, alkylenetri- and
alkylenetetra-amine acetamide compounds (III), wherein
A and G are selected from the group consisting of
ethylene, propylene, hexamethylene and
2-methylpentylene. Claim 3 According to other
preferred embodiments, the invention relates to
compositions, wherein each R1 is independently
straight or branched chain alkyl or alkenyl of 7 to 9
carbon atoms claim 4; or wherein one R1 is hydrogen
and the other one is straight or branched chain alkyl
or alkenyl of 14 to 18 carbon atoms Claim 5; or where
each R is identical and is straight or branched chain
alkyl or alkenyl of 7 to 9 carbon atoms Claim 6. For
example, if an amide nitrogen is disubstituted by
alkyl or alkenyl, the total carbon atoms of said
alkyls or alkenyls combined are from 14 to 18 carbon
atoms. A particularly preferred embodiment relates to
a composition, wherein the compounds (I), (II) and
(III) are selected from the group consisting of-
Awherein R is n-octyl and each of Ri and R2 are
2-ethylhexyl or n-octyl or one of Ri and R2 is
hydrogen and the other is oleyl, n-octyl, t-octyl or
dodecyl. Claim 7A further embodiment relates to novel
alkylaminoacetamide compounds (I) Wherein R, each
independently, is alkyl or alkenyl of 1 to 8 carbon
atoms and R1, each independently, is hydrogen or alkyl
or alkenyl or 1 to 24 carbon atoms, provided that each
amide nitrogen atom is either mono- or disubstituted
by alkyl or alkenyl; and that the al kyl or alkenyl
groups have 8 to 24 carbon atoms, if the amide
nitrogen is monosubstituted by alkyl or alkenyl; and
that the alkyl or alkenyl groups have 8 to 18 carbon
atoms, if the amide nitrogen is disubstituted by alkyl
or alkenyl. Claim 8 Another embodiment relates to
novel N-alkylaminoacetamide compounds (II) O R O R1 R1
Wherein R, each independently, is alkyl or alkenyl of
1 to 8 carbon atoms and 



R1, each independently, is hydrogen or alkyl or
alkenyl or 1 to 24 carbon atoms, provided that each
amide nitrogen atom is either mono- or disubstituted
by alkyl or alkenyl; and that the al kyl or alkenyl
groups have 8 to 24 carbon atoms, if the amide
nitrogen is monosubstituted by alkyl or alkenyl; and
that the alkyl or alkenyl groups have 8 to 18 carbon
atoms, if the amide nitrogen is disubstituted by alkyl
or alkenyl Claim 9 . Another embodiment relates to
novel alkylenedi-, alkylenetri- or alkylenetetra-amine
acetamide compounds (III)wherein CZ.-- A is alkylene
of from 2 to 6 carbon atoms or is a group G, each
independently, is alkylene of 2 to 6 carbon atoms, R',
each independently, is alkyl or alkenyl of 1 to 24
carbon atoms, where for each amide group, the total
number of carbon atoms of the alkyls or alkenyl groups
are from 14 to 18 carbon atoms. Claim 10 The present
N-alkylaminoacetamide compounds and alkylenedi-,
alkylenetri- or alkylenetetra- amine acetamide
compounds are prepared for example by alkylation of
primary or sec ondary amines with mono- or di-alkyl
substituted halo-acetamides according to the following
sheme: N RRNH2 Or R- or R1 where A1 is alkylene of
from 2 to 6 carbon atoms or is a group X is Cl, Br or
I and R, R1and G are as previously
defined.Chloroacetamides are described in for example
U.S. Patent Specification. Nos. 2,746,901 and
4,801,618. The compounds (I) and (II) may be prepared
according to methods disclosed in these references.
Haloacetamides are also described by van Esch, et al.,
J. Org. Chem. 1995, 60, 1599-1610, and by Weaver, et
al., J. Am. Chem. Soc. 1947, 69, 515-516. The
compounds (I), (II) and (III) are prepared by reacting
a haloacetamide with an appropri ate amine or di-,
tri- or tetra-amine in the ratio of about 1 molar
equivalent of haloacetamide per reactive aminic
hydrogen. For example, butylamine has two reactive
aminic hydrogen at oms, dibutylamine has one reactive
aminic hydrogen, and ethylenediamine has four reactive
aminic hydrogen atoms. The reagents are mixed neat or
in a suitable solvent, at a suitable 



temperature and for a suitable time to complete the
reaction. The reagents are mixed in the presence of an
inorganic base, for example sodium carbonate.
Presumably, the compounds prepared in this way are not
salts. They do not contain any ammonium salts. They do
not contain any ammonium carboxylate salts, which
would exist if prepared for example from the reaction
of an alkylamine and an aminoalkylcarboxylic acid. In
the additives (I), (II) or (III), R is for example
alkyl or alkenyl of 5 to 8 carbon atoms. A and G are,
for example, ethylene, propylene, hexamethylene or
2-methylpentylene. For example, each amide is
disubstituted by alkyl or alkenyl. For example, each
R' is the same. For exam ple, each R1is straight or
branched chain alkyl or alkenyl of 7 to 9 carbon
atoms. For exam ple, one R' of each amide is hydrogen
and the other is straight or branched chain alkyl or
alkenyl of 14 to 18 carbon atoms. For example, in the
additives, each of the amide nitrogens are
disubstituted by alkyl or al kenyl and the total
carbon atoms of said alkyls or alkenyls for each amide
combined are from 14 to 18 carbon atoms, that is to
say, each R' is straight or branched chain alkyl or
alkenyl of 7 to 9 carbon atoms. For instance, in the
additives, R is n-octyl and each R' is 2-ethylhexyl or
n-octyl or one R' of each amide is hydrogen and the
other is oleyl, n-octyl, t-octyl or dodecyl. Alkyl is
straight or branched chain and is for example methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl,
isopentyl, 1-methylpentyl, 1,3-dimethylbutyl, n-hexyl,
1-methyl hexyl, n-heptyl, isoheptyl,
1,1,3,3-tetramethylbutyl, 1-methylheptyl,
3-methylheptyl, n-octyl, 2-ethylhexyl,
1,1,3-trimethylhexyl, 1,1,3,3-tetramethylpentyl,
nonyl, decyl, undecyl, 1-methylundecyl, dodecyl,
1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, icosyl
or docosyl. Alkenyl is also straight or branched and
is an ethylenically unsaturated version of alkyl, for
example allyl, oleyl, docosenyl, and the like.Alkylene
is straight or branched and is for example ethylene,
propylene, methylethylene, tetramethylene,
pentamethylene or hexamethylene. Suitable amines are
for example octylamine, dioctylamine, butylamine,
dibutylamine, ethylenediamine, diethylenetriamine,
dipropylenetriamine, H2N-(CH2)3NH(CH2)2NH(CH2)3NH2,
and the like. The additive compounds (I), (II) and
(III), that is the additives, are highly soluble in
the lubri cant, for example are soluble at 1%, 2% or
for example at 5% on a weight/weight basis at 



room temperature. The additives, when employed in
lubricants (lubricating oils) for internal combustion
engines, serve both to reduce wear of the engine's
moving parts and to reduce friction. The additives
provide an economic method to accomplish desired
antiwear and reduced friction properties without the
use of a metal such as Zn, or the elements S or P,
enabling a significant reduc tion or the elimination
of P, S, and Zn containing additives. The lubricants
of component a) are, for example, those employed in
internal combustion engines. The lubricants have
necessary lubricating viscosity and are for example
mineral oils or are synthetic and mixtures thereof.
Greases or other solid lubricants are also lubricating
oils according to this invention. Synthetic
hydrocarbon oils include long chain alkanes such as
cetanes and olefin polymers such as trimer and
tetramers of octane and decene. These synthetic oils
can be mixed with 1) ester oils such as
pentaerythritol esters of monocarboxylic acids having
about 2 to 20 car bon atoms, 2) polyglycol ethers, 3)
polyacetals and 4) siloxane fluids. Useful among the
synthetic esters are those made from polycarboxylic
acids and monohydric alcohols. For ex ample, ester
fluids made from pentaerythritol or mixtures thereof
with di- and tri pentaerythri tol, and an aliphatic
monocarboxylic acid containing from 1 to 20 carbon
atoms, or mixtures of such acids. Other examples are
ester fluids made from trimethylolpropane and an
aliphatic monocarboxylic acid containing from 1 to 20
carbon atoms, or mixtures of such acids. The
lubricating oils are also for example crude oil,
industrial lubrication oils, cutting oil, metal
working fluids and greases. The additives of this
invention are advantageously present in the lubricant
at a level of for example from about 0.15% to about
10.0% by weight of lubricant. For example, the
additives are present from about 0.15% to about 7.0%,
from about 0.25% to about 5.0%, from about 0.5% to
about 3.0%, or from about 0.75% to about 2.0% by
weight of the lubricant. For example, the additives
are present from about 0.5% to about 5.0%, from about
0.5% to about 7.0%, or from about 0.5% to about 10.0%
by weight, based on the weight of the lubricant. In
the vent that in lubricating compositions operated
under extremely adverse conditions, such as
lubricating compositions for marine diesel engines,
that the additives of this invention may be present in
amounts of up to about 30.0% by weight, or more, of
the total weight of the lubricating composition. The
lubricating oils in accordance with the invention may
additionally include other additives, 



which are added in order to improve still further the
basic properties of these formulations; such additives
include antioxidants, metal passivators, rust
inhibitors, corrosion inhibitors, viscosity index
improvers, extreme pressure agents, pour point
depressants, solid lubricants, dispersants,
detergents, antifoams, color stabilizers, further
high-pressure additives, demulsifiers, antiwear
additives and additives which reduce the coefficient
of friction. Such addi tives are added in the
customary amounts in each case in the range from in
each case about 0.01% to 10.0% by weight, based on the
lubricating oil. The list below gives some
representative examples of such additional additives:
Examples of antioxidants : 1) Alkylated monophenols,
for example 2,6-di-tert-butyl-4-methylphenol,
2-butyl-4,6-dimethylphenol,
2,6-di-tert-butyl-4-ethylphenol,
2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tertbutyl-
4-iso-butylphenol, 2,6-di-cyclopentyl-4-methylphenol,
2-(a-methyl-cyclohexyl)-4,6- dimethylphenol,
2,6-di-octadecyl-4-methylphenol,
2,4,6-tri-cyclo-hexylphenol, 2,6-di-tertbutyl-
4-methoxymethylphenol, linear or sidechain-branched
nonylphenols, for example 2,6-di-nonyl-4-methylphenol,
2,4-dimethyl-6-(1 '-methyl-undec-1 '-yl)phenol,
2,4-dimethyl- q-O'-methylheptadec-i'-yOphenol,
2,4-dimethyl-6-(1 l-methyltridec-1 l-yl)phenol or
mixtures thereof; 2) Alkylthiomethylphenols, for
example 2,4-di-octylthiomethyl-6-tert-butylphenol,
2,4-di-octylthiomethyl- 6-methylphenol,
2,4-di-octylthiomethyl-6-ethylphenol or
2,6-di-dodecylthiomethyl- 4-nonylphenol; 3)
Hydroquinones and alkylated hydroquinones, for example
2,6-di-tert-butyl-4-methoxyphenol,
2,5-di-tert-butylhydroquinone,
2,5-di-tert-amylhydroquinone,
2,6-diphenyl-4-octadecyloxyphenol,
2,6-di-tert-butyl-hydroquinone,
2,5-di-tert-butyl-4-hydroxyanisole, 3,5-ditert-
butyl-4-hydroxyanisole,
3,5-di-tert-butyl-4-hydroxyphenyl stearate or
bis(3,5-di-tertbutyl- 4-hydroxyphenyl) adipate; 4)
Tocopherols, for example a- , b- , g- or d-tocopherol
or mixtures thereof (vitamin E);5) Hydroxylated
thiodiphenyl ethers, for example
2,21-thiobis(6-tert-butyl-4-methylphenol),
2J21-thiobis(4-octylphenol),
4J41-thiobis(6-tert-butyl-3-methylphenol) J
4J41-thiobis-(6-tertbutyl- 2-methylphenol),
4,41-thiobis(3,6-di-sec-amylphenol) or
4,41-bis(2,6-dimethyl-4-hydroxyphenyl) disulfide; 6)
Alkylidenebisphenols, for example
2,21-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-
methylenebis(6-tert-butyl-4-ethylphenol),
2,21-methylenebis(4-methyl-6-(alpha-methylcyclohexyl)-



phenol), 2,21-methylenebis(4-methyl-6-cyclohexyl
phenol), 2,2'-methylenebis(6- nonyl-4-methylphenol),
2,21-methylenebis(4,6-di-tert-butylphenol),
2,2'-ethylidenebis(4,6- di-tert-butylphenol),
2,21-ethylidenebis(6-tert-butyl-4-isobutylphenol),
2,21-methylenebis(6-
(alpha-methylbenzyl)-4-nonylphenol),
2,21-methylene-bis(6-(alpha,alpha-dimethylbenzyl)-
4-nonylphenol), 4,41-methylenebis(2
J6-di-tert-butylphenol) J
4,41-methylenebis(6-tert-butyl- 2-methylphenol),
1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane,
2,6-bis(3-tert-butyl-
5-methyl-2-hydroxybenzyl)-4-methylphenol,
1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)
butane,
1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-n-dod
ecylmercaptobutane, ethylene glycol bis(3,3-bis(3
1-tert-butyl-4 1-hydroxyphenyl)butyrate),
bis(3-tert-butyl-
4-hydroxy-5-methylphenyl)dicyclo-pentadiene,
bis(2-(31-tert-butyl-2'-hydroxy-5 1-methylbenzyl)-
6-tert-butyl-4-methylphen yl)terephthalate,
1,1-bis(3,5-dimethyl-2-hydroxyphenyl) butane,
2,2-bis(3,5-di-tert-butyl-4-hydroxyphenyl)propane,
2,2-bis(5-tert-butyl-4-hydroxy-
2-methylphenyl)-4-n-dodecylmercaptobutane or
1,1,5,5-tetra(5-tert-butyl-4-hydroxy-2-
methylphenyl)-pentane; 7) O- N- and S-Benzyl
compounds, for example
3,5,3",S'-tetra-tert-butyl^^'-dihydroxydibenzyl ether,
octadecyl 4-hydroxy-3,5-dimethylbenzylmercaptoacetate,
tridecyl 4-hydroxy-
3,5-di-tert-butylbenzylmercaptoacetate,
tris(3,5-di-tert-butyl)amine,
bis(4-tert-butyl-3-hydroxy-
2,6-dimethylbenzyl)dithioterephthalate,
bis(3,5-di-tert-butyl-4-hydroxybenzyl) sulfide or
isooctyl
3,5-di-tert-butyl-4-hydroxy-benzylmercaptoacetate; 8)
Hydroxybenzylated malonates, for example-dioctadecyl
2,2-bis(3,5-di-tert-butyl-2-hydroxybenzyl) malonate,
dioctadecyl
2-(3-tert-butyl-4-hydroxy-5-methylbenzyl)-malonate,
didodecyl
mercaptoethyl-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzy
l)-malonate or di(4- (
1,1,3,3-tetramethylbutyl)phenyl)2,2-bis(3,5-di-tert-bu
tyl-4-hydroxybenzyl)malonate; 9) Aromatic
hydroxybenzyl compounds, for example
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-
2,4,6-trimethylbenzene,
1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tet
ramethylbenzene or
2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)phenol;
10)Triazine compounds, for example
2,4-bisoctylmercapto-6-(3,5-di-tert-butyl-4-hydroxyani
lino)- 1 ,3,5-triazine,
2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyani
lino)-1 ,3,5-triazine,
2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphe
noxy)-1 ,3,5-triazine, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1
,2,3-triazine,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-
isocyanurate,
1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dinnethylbenzyl)
isocyanurate,
2,4J6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1
,3,5-triazine, 1,3,5-tris(3,5- 



di-tert-butyl-4-hydroxyphenylpropionyl)hexahydro-1
,3,5-triazine or 1,3,5-tris(3,5-dicyclohexyl-
4-hydroxybenzyl)-isocyanurate; 11) Benzyl
phosphonates, for example dimethyl
2,5-di-tert-butyl-4-hydroxybenzyl-phosphonate, diethyl
3,5-di-tert-butyl-4-hydroxybenzylphosphonate,
dioctadecyl 3,5-di-tert-butyl-4-
hydroxybenzylphosphonate, dioctadecyl
5-tert-butyl-4-hydroxy-3-methylbenzylphosphonate or
the calcium salt of the monoethyl ester of
3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid; 12)
Acylaminophenols, for example 4-hydroxylauranilide,
4-hydroxystearanilide or octyl N-
(3,5-di-tert-butyl-4-hydroxyphenyl)carbamate; 13)
Esters of
b-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid,
b-(5-tert-butyl-4-hydroxy-3- methylphenyl)propionic
acid, b-(3,5-dicyclohexyl-4-hydroxyphenyl)-propionic
acid, 3,5-ditert- butyl-4-hydroxyphenylacetic acid or
b-(5-tert-butyl-4-hydroxyphenyl)-3-thiabutyric acid
with mono- or polyhydric alcohols, e.g. with methanol,
ethanol, n-octanol, i-octanol, octadecanol,
1,6-hexanediol, 1,9-nonanediol, ethylene glycol,
1,2-propanediol, neopentyl glycol, thiodiethylene
glycol, diethylene glycol, triethylene glycol,
pentaerythritol, tris(hydroxyethyl) isocyanurate,
N,N1-bis(hydroxyethyl)oxalamide, 3-thiaundecanol, 3-
thiapentadecanol, trimethyl-hexanediol,
trimethylolpropane, 4-hydroxymethyl-1-phospha-
2,6,7-trioxabicyclo(2.2.2)octane, glycerol or
transesterification products based on natural
triglycerides of, for example, coconut oil, rape seed
oil, sunflower oil or colza oil; 14) Amides of
b-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid,
e.g. N,N1-bis(3,5-di-tert-butyl-
4-hydroxyphenylpropionyl)hexamethylenediamine,
N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)
trimethylenediamine or
N,N1-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)
hydrazine; 15) Ascorbic acid (vitamin C);
16)Amine-type antioxidants, for example
N.N'-diisopropyl-p-phenylenediamine, N,N'-di-secbutyl-
p-phenylenediamine, N,N
-bis(1,4-dimethylpentyl)-p-phenylenediamine,
N,N'-bis(1- ethyl-3-methyl-pentyl)-p-phenylenediamine,
N,N -bis(1-methyl-heptyl)-p-phenylendiamine,
N.N'-dicyclohexyl-p-phenylenediamine,
N.N'-diphenyl-p-phenylenediamine, N,N'-di-
(naphth-2-yl)-p-phenylenediamine,
N-isopropyl-N'-phenyl-p-phenylenediamine, N-(1 ,3-
dimethylbutyl)-N'-phenyl-p-phenylenediamine,
N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine,
N-cyclohexyl-N'-phenyl-p-phenylenediamine,
4-(p-toluenesulfonamido)- diphenylamine, N,
N'-dimethyl-N.N'-di-sec-butyl-p-phenylenediamine,
diphenylamine, Nallyldiphenylamine, 



4-isopropoxy-diphenylamine, N-phenyl-1-naphthylamine,
N-(4-tertoctylphenyl)- 1-naphthylamine,
N-phenyl-2-naphthylamine, octylated diphenylamine,
e.g. p.p'-di-tert-octyldiphenyl-amine,
4-n-butylaminophenol, 4-butyrylamino-phenol,
4-nonanoylamino- phenol, 4-dodecanoylaminophenol,
4-octadecanoylamino-phenol, di-(4-methoxyphenyl)-
amine,
2,6-di-tert-butyl-4-dimethylannino-nnethyl-phenol,
2,4'-diannino-diphenylmethane,
4,4'-diannino-diphenylnnethane,
N.N.N'.N'-tetramethyM^'-diamino-diphenylmethane,
1,2-di-((2-methyl-phenyl)-amino)-ethane,
1,2-di-(phenylamino)propane, (otolyl) biguanide,
di(4-(1 l J3l-dimethyl-butyl)-phenyl)amine J
tert-octylated N-phenyl-1-naphthylamine, a mixture of
mono- and dialkylated
tert-butyl/tert-octyldiphenylamines, a mix ture of
mono- and dialkylated nonyldiphenylamines, a mixture
of mono- and dialkylated dodecyldiphenylamines, a
mixture of mono- and dialkylated
isopropyl/isohexyldiphenylamines, mixtures of mono-
and dialkylated tert-butyldiphenylamines,
2,3-dihydro-3,3- dimethyl-4H-1,4-benzothiazine,
phenothiazine, a mixture of mono- and dialkylated
tertbutyl/ tert-octyl-phenothiazines, a mixture of
mono- and dialkylated tert-octyl-phenothiazines,
N-allylphenothiazine,
N.N.N'.N'-tetraphenyl-i^-diaminobut^-ene, N,N-bis-
(2,2
J6J6-tetramethylpiperidin-4-yl)hexamethylenediamine J
bis-(2,2,6,6-tetramethylpiperidin- 4-yl) sebacate,
2,2,6,6-tetramethylpiperidin-4-one or
2,2,6,6-tetramethylpiperidin- 4-ol; and 17) Aliphatic
or aromatic phosphites, esters of thiodipropionic acid
or of thiodiacetic acid, or salts of dithiocarbamic or
dithiophosphoric acid, 2,2, 12,1
2-tetramethyl-5,9-dihydroxy- 3,7,1 -trithiatridecane
or 2,2, 15,15-tetramethyl-5, 12-dihydroxy-3,7, 10,1
4-tetrathiahexadecane. Examples of metal passivators ,
for example for copper, are: 1) Benzotriazoles and
their derivatives, for example 4- or
5-alkylbenzotriazoles (e.g. tolutriazole) and
derivatives thereof, 4,5,6,7-tetrahydrobenzotriazole,
5,5'-methylenebisbenzotriazole; Mannich bases of
benzotriazole or tolutriazole, such as 1-(di(2-
ethylhexyl)aminomethyl)tolutriazole and
1-(di(2-ethylhexyl)aminomethyl)-benzotriazole;
alkoxyalkylbenzotriazoles, such as
1-(nonyloxymethyl)-benzotriazole, 1-(1-butoxyethyl)-
benzotriazole and 1-(1
-cyclohexyloxybutyl)-tolutriazole; 2) 1,2,4-Triazoles
and derivatives thereof, for example 3-alkyl(or
aryl)-1 ,2,4-triazoles, Mannich bases of
1,2,4-triazoles such as
1-(di(2-ethylhexyl)aminomethyl)-1,2,4-triazole; 



alkoxyalkyl-1,2,4-triazoles such as
1-(1-butoxyethyl)-1,2,4-triazole; acylated 3-
amino-1,2,4-triazoles;3) Imidazole derivatives, for
example 4,4
1-methylenebis(2-undecyl-5-methyl-imidazole),
bis((N-methyl)imidazol-2-yl)carbinol octyl ether; 4)
Sulfur-containing heterocyclic compounds, for example
2-mercaptobenzothiazole,
2,5-dimercapto-1,3,4-thiadiazole,
2,5-dimercaptobenzothiadiazole and derivatives
thereof; 3,5-bis(di(2-ethylhexyl)aminomethyl)-1,3
J4-thiadiazolin-2-one; and 5) Amino compounds, for
example salicylidenepropylenediamine,
salicylaminoguanidine and salts thereof. Examples of
rust inhibitors are: 1) Organic acids, their esters,
metal salts, amine salts and anhydrides, for example
alkyl- and alkenylsuccinic acids and the partial
esters thereof with alcohols, diols or hydroxycar
boxylie acids, partial amides of alkyl- and
alkenylsuccinic acids, 4-nonylphenoxyacetic acid,
alkoxy- and alkoxyethoxycarboxylic acids, such as
dodecyloxyacetic acid, dodecyloxy(ethoxy)acetic acid
and the amine salts thereof, and also
Noleoylsarcosine, sorbitan monooleate, lead
naphthenate, alkenylsuccinic anhydrides, for example
dodecenylsuccinic anhydride, 2-(2-carboxyethyl)-1
-dodecyl-3-methylglycerine and its salts, especially
sodium and triethanolamine salts; 2)
Nitrogen-containing compounds, for example primary,
secondary or tertiary aliphatic or cycloaliphatic
amines and amine salts of organic and inorganic acids,
for example oil-soluble alkylammonium carboxylates,
and also 1-(N,N-bis(2-hydroxyethyl)amino)-
3-(4-nonylphenoxy)propan-2-ol; or heterocyclic
compounds, for example: substituted imidazolines and
oxazolines,
2-heptadecenyl-1-(2-hydroxyethyl)-imidazoline; 3)
Phosphorus-containing compounds, for example amine
salts of phosphoric acid par tial esters or phosphonic
acid partial esters, zinc dialkyldithiophosphates; 4)
Sulfur-containing compounds, for example: barium
dinonylnaphthalene-sulfonates, calcium
petroleumsulfonates, alkylthio-substituted aliphatic
carboxylic acids, esters of aliphatic
2-sulfocarboxylic acids and salts thereof; and 5)
Glycerine derivatives, for example: glycerine
monooleate, 1-(alkylphenoxy)-3-(2-hydroxyethyl)
glycerines,
1-(alkylphenoxy)-3-(2,3-dihydroxypropyl)glycerines,
2-carboxyalkyl- 1 ,3-dialkylglycerines. Examples of
viscosity index improvers are: 



Polyacrylates, polymethacrylates,
vinylpyrrolidone/methacrylate copolymers,
polyvinylpyrroli dones, polybutenes, olefin
copolymers, styrene/acrylate copolymers,
polyethers.Examples of pour point depressants are:
Polymethacr g lates, alkylated naphthalene
derivatives. Examples of dispersants/surfactants are:
Polybutenylsuccinamides or -imides,
polybutenylphosphonic acid derivatives, and basic
magnesium, calcium and barium sulfonates, phenolates
and salicylates. Examples of antifoaming agents are:
silicone oils and polymethocrylen. The demulsifiers
are, for example, selected from: Polyetherpolyols and
dinonylnaphthalenesulfonates. The friction modifiers
are, for example, selected from: Fatty acids and their
derivatives (i.e. natural esters of fatty acids such
as glycerol monooleate), amides, imides and amines
(i.e. oleylamine), sulfur containing organomolybdenum
dithiocarbamates, sulfur-phosphorus containing
organomolybdenum dithiophosphates, sul fur-nitrogen
containing organomolybdenum compounds based on
dispersants, molybdenum carboxylate salts,
molybdenum-amine complexes, molybdenum
amine/alcohol/amid complexes and molybdenum cluster
compounds, Teflon(r) and molybdenum disulfide.
Examples of additional antiwear additives are:
Sulfur- and/or phosphorus- and/or halogen-containing
compounds, such as sulfurized olefins and vegetable
oils, zinc dialkyldithiophosphates, tritolyl
phosphate, tricresyl phosphate, chlorinated paraffins,
alkyl and aryl di- and trisulfides, amine salts of
mono- and dialkyl phosphates, amine salts of
methylphosphonic acid,
diethanolaminomethyltolyltriazole,
di-(2-ethylhexyl)-aminomethyltolyltriazole,
derivatives of 2,5- dimercapto-1,3,4-thiadiazole,
ethyl(bisisopropyloxyphosphinothioyl)thiopropionate,
triphenyl thiophosphate (triphenyl phosphorothioate),
tris(alkylphenyl) phosphorothioates and mixtures
thereof (for example tris(isononylphenyl)
phosphorothioate), diphenylmonononyl phenyl
phosphorothioate, isobutylphenyl diphenyl
phosphorothioate, the dodecylamine salt of
3-hydroxy-1,3-thiaphosphetan 3-oxide,
trithiophosphoric acid 5,5,5-tris-isooctyl 2-acetate,
derivatives of 2-mercaptobenzothiazole, such as
1-N,N-bis(2-ethylhexyl)aminomethyl-2-mercapto-1H-1,3-b
enzothiazole, and ethoxycarbonyl
5-octyldithiocarbamate;  Dihydrocarbyl dithiophosphate
metal salts where the metal is aluminum, lead, tin 



manganese, cobalt, nickel, zinc or copper, but most
often zinc. The zinc salt (zinc dialkyl
dithiophosphate) is represented asRO P-S Zn / R1O
where R and R' are independently CrC 20 alkyl, C3-C20
alkenyl, C5-Ci 2 cycloalkyl, C7-Ci3 aralkyl or C6-Ci 0
aryl, for example R and R' are independently CrCi 2
alkyl; Antiwear additives as described in U.S. Patent
Specification Nos. 4,584,021; 5,798,321; 5,750,478;
5,801,130; 4,191,666; 4,720,288; 4,025,288; 4,025,583
and in WO 095/20592, which are incorporated herein by
reference; amines for example polyalkylene amines such
as ethylene diamine, diethylene triamine, triethylene
tetraamine, tetraethylene pentamine, pentaethylene
hexamine, nonaethylene decamine and aryl amines as
described in United States Patent Specification No.
4,267,063, herein incorporated by reference; salts of
amine phosphates comprising specialty amines and mixed
mono- and di-acid phosphates; the mono- and di-acid
wherein R27 is hydrogen, CrC 25 linear or branched
chain alkyl which is unsubstituted or substituted by
one or more CrC 6alkoxy groups, a saturated acyclic or
alicyclic group, or aryl; R28 is CrC 25 linear or
branched chain alkyl which is unsubstituted or
substituted by one or more d-C 6alkoxy groups, a
saturated acyclic or alicyclic group, or aryl; R29 is
hydrogen, Cr C25 linear or branched chain alkyl, a
saturated or unsaturated acyclic or alicyclic group,
or aryl; and are hydrogen or CrCi 2 linear or branched
chain alkyl; and R30 and R3i are, each independently
of the other, CrC 25 linear or branched chain al kyl,
a saturated or unsaturated acyclic or alicyclic group,
or aryl. Preferably, R27 and R28 are linear or
branched CrCi 2 alkyl; and R29, R30 and R3i are linear
or branched CrCi 8 alkyl; A mixture of amine
phosphates, CAS# 80939-62-4, particularly by enhancing
the wear performance of the base oil such that it
meets stringent military performance specifications;
(R33O)x P N (OH)y - (HN(R34) wherein R33 is n-hexyl,
R34 is Cn-Ci 4 branched alkyl, and when x=1 then y=2;
when 



x=2 then y=1; Other conventional antiwear additives of
the formula in which R1 and R2 independently of one
another are C3-Ci 8 alkyl, C5-Ci 2 cycloalkyl, C5-C6
cycloalkyl methyl, C9-Ci 0 bicycloalkylmethyl, C9-Ci 0
tricycloalkylmethyl, phenyl or C7-C24 alkyl phenyl or
together are (CH3)2C(CH2)2, R3 is hydrogen or methyl.
The additives (I), (II), and (III) can be introduced
into the lubricating oil in manners known per se. The
compounds are readily soluble in oils. They may be
added directly to the lubricating oil or they can be
diluted with a substantially inert, normally liquid
organic diluent such as naphtha, benzene, toluene,
xylene or a normally liquid oil to form an additive
concentrate or masterbatch. These concentrates
generally contain from about 10% to about 90% by
weight additive and may contain one or more other
additional additives. The additives may be intro duced
as part of an additive package. A further embodiment
of the invention relates to process for the reduction
of wear in com bustion engines, which comprises adding
to the engine the lubricant composition as defined
above. In a preferred embodiment the total amount of
sulphur in that composition is less than 0.3%,
particularly 0.2%, by weight and that of phosphorus
less than 0.08% by weight. The invention is further
illustrated by the following Examples. Unless
otherwise indicated, parts and percentages are by
weight. Example 1 Preparation of Ethylenediamine
tetra-N-n-octylacetamide To a stirred mixture of 2.80
g ethylenediamine, 20.06 g sodium carbonate, and 100
mg po tassium iodide in 100 ml acetonitrile is added a
solution of 38.35 g of 2-chloro-N-n-octylacetamide.
After being stirred at ambient temperature for 18
hours, the mixture is heated at reflux for 5 days.
After cooling, the mixture is partitioned between 400
ml dichloromethane and 250 ml water. The aqueous phase
is further extracted with 200 ml dichloromethane.
Thecombined organic extract is washed with water (200
ml), brine (200 ml) and dried over anhy drous sodium
sulfate. The solvent removed in vacuo, and the
resulting residue is recrg stallized from ethyl
acetate to give the product as a pale yellow fibrous
wax. Example 2 Preparation of Ethylenediamine
tetra-N.N-di-n-octylacetamide A mixture of 78.7 g
2-chloro-N,N-dioctylacetamide, 3.7 g ethylenediamine
and 26.2 g sodium 



carbonate in 300 ml N.N-dimethylacetamide is heated at
9O0C for 3 hours and at 12O0C for another 16 hours.
The mixture is cooled, washed with water, extracted
with hexane and dried over sodium sulfate. The hexanes
are removed in vacuo to give 74.9 g of product as a
viscous yellow liquid. Alternative one-pot procedure:
To a rapidly stirred mixture of di-n-octylamine (25.03
g), xylene (25 ml), Na2CO3 (12.5 g) and water (125 ml)
chloroacetyl chloride (12.4 g) is added dropwise over
20 min. Intermittent cooling is applied to maintain
temperature between 20-25 0C. After completion of
addition, the mixture is stirred for 30 min. The
phases are allowed to separate, and the lower aqueous
phase is removed. N,N-Dimethylacetamide (25 ml),
ethylenediamine ( 1.55 g), and Na2CO3 (12.5 g) are
added, and the mixture heated with stirring to 12O0C.
The reaction mixture is heated for 18 hrs, allowed to
cool and mixed with water (125 ml) to dissolve salts
and DMAc. After removing the aqueous phase the
solvents are removed in vacuo. The product is filtered
to remove sediments, to yield 28.77 g (93%) of product
as a pale, yellow oil. Xylene may be replaced with
other suitable solvents, for example ethylbenzene.
Example 3 Preparation of
N,N-di-n-octyl-2-(di-n-octylamino)acetamide To a
rapidly stirred solution 32.62 g di-n-octylamine in
100 ml acetonitrile, 7.62 g 2-chloroacetyl chloride is
added over a 1 hour period. The mixture is stirred at
ambient tem perature for 3 hours, followed by the
addition of 15.91 g sodium carbonate and 0.63 g potas
sium iodide. The mixture is heated at reflux for 24
hours. After cooling, the mixture is parti tioned
between 250 ml dichloromethane and 250 ml water. The
aqueous phase is further ex tracted with 250 ml
dichloromethane. The combined organic extract is
washed with water (100 ml), brine (100 ml) and dried
over anhydrous sodium sulfate. The solvent is removed
in vacuo and the resulting residue is partitioned
between hexane (300 ml) and acetonitrile (250 ml).
After filtering to remove undissolved solids, the
phases are separated, and the yellow hexanes phase is
washed with 2 portions (100 ml each) acetonitrile. The
solvent is re moved in vacuo to give the product as a
waxy orange oil. Example 4 Preparation of
Diethylenetriamine penta-N.N-di-n-octylacetamide A
mixture of 3 1.8 g 2-chloro-N,N-dioctylacetamide, 2.08
g diethylenetriamine and 10.6 g so dium carbonate in
150 ml N,N-dimethylacetamide is heated at 15O0C for 48
hours. After 



cooling the mixture is washed with water, extracted
with hexane and dried over sodium sul fate. The hexane
is removed in vacuo to give 30.6 g of the product as a
dark brown liquid. Example 5 Preparation of
Ethylenediamine tetra-N-oleylacetamide To a rapidly
stirred mixture of oleylamine ( 118.5 g), diether (200
ml), Na2CO3 (50.29 g) and water (500 ml)
2-chloroacetyl chloride (54.16 g) is added dropwise
over 60 min. Intermittent cooling is applied to
maintain temperature between 10-150C. After completion
of addition, the mixture is stirred for 60 min, and
the phases are allowed to separate. Analysis (H-NMR)
of a sample of the upper ether layer indicates that a
small amount of amine is not reacted. Addi tional
Na2CO3 (7 g) and water (50 ml) is added, followed by
chloroacetyl chloride (7 g). After removing the upper
ether phase the aqueous phase is extracted with
additional ether (200 ml). The combined organic phase
is washed with water (2 x 125 ml portions), saturated
NaCI (125 ml) and dried over anh. Na2SO4. The solvent
is removed in vacuo to give 149 g
2-chloro-N-oleylacetamide. A mixture of
ethylenediamine ( 1.01 g), 2-chloro-N-oleylacetamide
(23.13 g), N,N-dimethylacetamide (50 ml) and Na2CO3
(25.8 g) is heated for 20 hours at 120-1300C. After
cooling, the reaction mixture is partitioned between
diethyl ether (250 ml) and water (250 ml). The ether
layer is washed with water (3 x 100 ml), saturated
NaCI (100 ml) and dried over anh. Na2SO4. The solvent
is removed in vacuo to give 20.4 g of the
tetra-alkylated product.Example 6 The following
compounds are prepared according to the methods
described herein.Host-vector system for
antibiotic-free CoIEl plasmid propagation The present
invention relates to the field of plasmid propagation,
in particular for production of plasmid DNA and
recombinant proteins. The use of plasmid DNA as gene
transfer vehicle has become widespread in gene
therapy. In gene therapy applications, a plasmid
carrying a therapeutic gene of interest is introduced
into patients; transient expression of the gene in the
target cells leads to the desired therapeutic effect.
Recombinant plasmids carrying the therapeutic gene of
interest are obtained by cultivation of bacteria. For
selecting bacterial transformants and in order to
assure maintenance of the plasmids in the bacterial
host cell, traditionally, an antibiotic resistance
gene is included in the plasmid backbone. Selection
for plasmids is 



achieved by growing the cells in a medium containing
the respective antibiotic, in which only plasmid
bearing cells are able to grow. The use of antibiotic
resistance genes for selection of plasmids for
application in gene therapy is accompanied by severe
drawbacks: Since in gene therapy entire plasmids are
being delivered, antibiotic resistance genes are
introduced into the treated subject. Although these
genes are driven by prokaryotic promoters and are
should therefore not be active in mammalian cells and
tissues, there is the chance that the delivered genes
may be incorporated intothe cellular genome and may,
if in proximity of a mammalian promoter, become
transcribed and expressed. A second drawback of
plasmids that bear antibiotic resistance genes is a
potential contamination of the final product with
residual antibiotic. In view of possible immune
sensitization, this is an issue, especially in the
case of beta-lactam antibiotics. In order to avoid
these risks, efforts have been made to ban antibiotic
resistance genes from the manufacture of therapeutic
plasmids and to develop alternative selection methods.
In an attempt to achieve antibiotic-free selection,
plasmids have been used that can compensate a host
auxotrophy. However, the main disadvantage of this and
all related approaches is that additional genes on the
plasmid are required (e.g. Hagg et al., 2004). Another
approach is a concept termed "repressor titration"
(Wiliams et al., 1998). According to this concept, a
modified E. coli host strain contains the kan gene
(kanamycin resistance gene) under the control of the
lac operator/promoter. In the absence of an inducer
(IPTG or allolactose), the strain cannot grow on
kanamycincontaining medium. Transformation with a high
copy number plasmid containing the lac operator leads
to kan expression by titrating lad from the operator.
Only cells that contain a high plasmid copy number are
able to survive after addition of kanamycin. The major
drawback of this concept is the fact that, again, the
use of antibiotics is indispensable. It has been an
object of the invention to provide a novel system for
selection of plasmids that goes without antibiotics. 



To solve the problem underlying the invention, the
mechanism of replication that is used by plasmids with
a CoIEl origin of replication has been exploited. (In
the following, plasmids with a CoIEl origin of
replication are referred to as "CoIEl -type
plasmids".)A large number of naturally occurring
plasmids as well as many of the most commonly used
cloning vehicles are CoIEl -type plasmids. These
plasmids replicate their DNA by using a common
mechanism that involves synthesis of two RNA
molecules, interaction of these molecules with each
other on the one hand and with the template plasmid
DNA on the other hand (Helinski, 1996; Kues and Stahl,
1989). Representatives of CoIEl -type plasmids are the
naturally occurring CoIEl plasmids pMBl, p i 5A,
pJHCMWl, as well as the commonly used and commercially
available cloning vehicles such as pBR322 and related
vectors, the pUC plasmids, the pET plasmids and the
pBluescript vectors (e.g. Bhagwat and Person, 1981 ;
Balbas et al., 1988; Bolivar, 1979; Vieira and
Messing, 1982). For all these plasmids, CoIEl
initiation of replication and regulation of
replication have been extensively described (e.g.:
Tomizawa, 1981, 1984, 1986, 1989, 1990; Chan et al.,
1985; Eguchi et al., 1991a; Cesareni et al.. 1991).
The CoIEl region contains two promoters for two RNAs
that are involved in regulation of replication.
Replication from a CoIEl -type plasmid starts with the
transcription of the preprimer RNA II, 555 bp upstream
of the replication origin, by the host's RNA
polymerase. During elongation, RNA II folds into
specific hairpin structures and, after polymerization
of about 550 nucleotides, begins to form a hybrid with
the template DNA. Subsequently, the RNA II preprimer
is cleaved by RNaseH to form the active primer with a
free 3' OH terminus, which is accessible for DNA
polymerase I (Lin-Chao and Cohen, 1991; Merlin and
Polisky, 1995). At the opposite side of the CoIEl
-type origin strand, RNA I, an antisense RNA of 108
nucleotides, complementary to the 5' end of RNA II, is
transcribed. Transcription of RNA I starts 445 bp
upstream from the replication origin, to approximately
where the transcription of RNA II starts. RNA I
inhibits primer formation and thus replication by
binding to the elongating RNA II molecule before the
RNA/DNA hybrid is formed.The interaction of the two
RNAs is a stepwise process, in which RNA I and 



RNA II form several stem loops. They initially
interact by base-pairing between their complementary
loops to form a so-called "kissing complex".
Subsequently, RNA I hybridizes along RNA II, and a
stable duplex is formed. Formation of the kissing
complex is crucial for inhibition of replication. As
it is the rate limiting step, is has been closely
investigated (Gregorian and Crothers, 1995). Apart
from RNA I/RNA II interaction, the rom/rop transcript
of CoIEl contributes to plasmid copy number control by
increasing the rate of complex formation between RNA
II and RNA I . To increase copy number, the gene
encoding rom/rop has been deleted on some derivatives
of pBR322, for example on pUC19. The present invention
relates, in a first aspect to a non-naturally
occurring bacterial cell containing, i) a DNA sequence
encoding a protein, the expression of which is to be
regulated, and, operably associated thereto, ii) a DNA
sequence encoding a RNA sequence that mimics a RNA II
sequence, or parts thereof, and is complementary to a
RNA I sequence that is transcribable from a plasmid
with a CoIEl origin of replication. In a further
aspect, the present invention relates to a host-vector
system comprising a plasmid with a CoIEl origin of
replication and a bacterial host cell in which said
plasmid can be replicated, wherein said host-vector
system comprises a) a plasmid with a CoIEl origin of
replication b) a bacterial host cell in which said
plasmid can be replicated, containing, i) a DNA
sequence encoding a protein, the expression of which
is to be regulated, and, operably associated
thereto,ii) a DNA sequence encoding an RNA sequence
that mimics an RNA II sequence, or parts thereof, and
is complementary to an RNA I sequence that is
transcribable from the plasmid a), wherein said RNA
sequence defined in ii), in the absence of the plasmid
a), allows for expression of said protein and wherein,
when said plasmid a) is present inside said host cell
b), the RNA I molecule transcribed from the plasmid
hybridizes with said RNA sequence defined in ii),
whereby expression of said protein is suppressed. 



In a preferred embodiment, the DNA sequence i) is a
foreign DNA sequence. In preferred embodiments, the
protein encoded by said foreign DNA i) is toxic or
lethal to the host cell. In a further aspect, the
present invention relates to a host-vector system
comprising a plasmid with a CoIEl origin of
replication and a bacterial host cell in which said
plasmid can be replicated, wherein said host-vector
system comprises a) a plasmid with a CoIE1 origin of
replication, b) a non-naturally occurring bacterial
host cell containing, integrated in its genome, i) a
foreign DNA sequence encoding a protein that is lethal
or toxic to said host cell, and operably associated
thereto ii) a DNA sequence encoding an RNA sequence
that mimics an RNA II sequence, or parts thereof, and
is complementary to an RNA I sequence transcribable
from the plasmid a), wherein said RNA sequence defined
in ii), in the absence of the plasmid a), allows for
expression of said lethal or toxic protein such that
growth of said host cell is completely or partially
inhibited and wherein, when said plasmid a) is present
inside said host cell, the RNA I molecule transcribed
from the plasmid hybridizes with said RNA sequence
defined in ii),whereby expression of said lethal or
toxic protein is suppressed such that said complete or
partial growth inhibition is abrogated in
plasmid-bearing cells. The invention makes use of the
RNA-based copy number control mechanism of CoIEl -type
plasmids for regulating the expression of one or more
genes that are present in the bacterial host cell,
preferably inserted in the bacterial genome, and serve
as selection markers. In the following, the DNA
sequence of i) (or the RNA transcribed from such DNA,
respectively) is referred to as "marker gene" (or
"marker RNA", respectively). As mentioned above, in an
embodiment of the invention, the marker gene encodes a
protein that is lethal or toxic per se. In this
embodiment, in the meaning of the present invention,
the term "marker gene" also encompasses genes the
expression of which results in a toxic effect that is
not directly due to the expression product, but is
based on other mechanisms, e.g. generation of a toxic
substance upon 



expression of the marker gene. For simplicity, in the
following, the protein encoded by the marker gene is
termed the "marker protein"; in the case that the
marker protein is a lethal or toxic protein, it is
referred to as "toxic protein". In a preferred
embodiment, the marker protein is not lethal or toxic
per se or due to a toxic effect generated upon its
expression, but by repressing the transcription of a
gene that is essential for growth of said bacterial
cell. Such marker protein, or the DNA encoding it,
respectively, is referred to as "repressor" or
"repressor gene", respectively, and the gene that is
essential for growth of the bacterial cells is
referred to as "essential gene". In the following, an
RNA sequence that mimics an RNA II sequence, or parts
thereof, is referred to as "RNA II-like sequence". In
the meaning of the present invention "operably
associated" means that the DNA sequence i) and the DNA
sequence ii) are positioned relative to each other in
such a way that expression of the marker protein
encoded by said DNA sequence i) is modulated by said
RNA sequence ii) (the RNA II-like sequence).The
principle of the invention, i.e. RNA I-mediated marker
gene down-regulation or silencing, is shown in Fig. 1:
The RNA II-like sequence is present on the host's
transcript in combination with a Shine Dalgarno
sequence. The RNA I sequence transcribed from the
plasmid functions as an antisense RNA to said RNA
II-like sequence and thus inhibits translation of the
marker mRNA. After induction of marker gene
expression, in the case that the marker gene encodes a
toxic protein, the host can only survive in the
presence of the plasmid, because the plasmid provides
the RNA I sequence that is complementary to the RNA
II-like sequence and therefore hybridizes to the
marker gene transcript, thus preventing the
translation of the toxic protein. As described,
regulation of the system is based on RNA-RNA
interaction between the RNA I of the plasmid and,
complementary thereto, an RNA II-like sequence of
defined length that is positioned upstream or
downstream the ribosomal binding site of the marker
gene sequence, usually within the host's mRNA. The
length of the RNA II-like sequence and its distance
and position relative to the ribosomal binding site
and to the start codon of the marker gene must be such
that 



the plasmid-free host is able to translate the mRNA;
which means that care must be taken that the RNA
II-like sequence does not interfere with ribosomal
binding and translation. Also, the inserted RNA
II-like sequence must be designed and positioned such
that it guarantees sufficient RNA-RNA interaction of
the complementary sequences, so that when the plasmid
is present, the RNA I transcribed therefrom binds to
the mRNA of the host in an extent sufficient to
inhibit translation of the marker gene. Inhibition of
the marker gene must be to an extent such that an
advantage in growth is provided, as compared to cells
where no plasmid, hence no RNA I, is present. Thus,
the bacterial host is engineered such that in the
absence of the CoIEl -type plasmid the marker mRNA is
translated into a marker protein, and in presence of a
CoIEl -type plasmid, translation of the protein is
completely or partiallysuppressed. In the case that
said mRNA encodes a toxic protein that partially or
completely inhibits cell growth, hosts that contain
the plasmid will survive the toxicity or outgrow
plasmid-free hosts. For the purpose of the present
invention, a toxic protein is toxic in the sense that
it partially or completely inhibits growth of the
cells, at least to an extent to which cells without
the marker gene have an advantage with regard to
growth rate. If there are two populations of cells, on
the one hand a population with the marker gene and, on
the other hand, a population without or with an
inhibited marker gene, in an equimolar distribution,
the cell population without or with an inhibited
marker gene will increase to 99% of the population in
less than 10 generations. In an embodiment of the
invention, expression of the marker gene is regulated
by an additional mechanism, e.g. by induction. Since
in the case that the marker gene encodes a toxic
protein, the marker gene needs to be turned off during
cell propagation, an inducible promoter is
advantageously used for transcriptional control, which
promotes mRNA transcription only upon addition of an
inducer. Examples are the T7 promoter in a
T7-polymerase producing host, given that T7-polymerase
is under control of the IPTG, or the lactose-inducible
Lac-promoter, or an arabinose-inducible promoter.
Alternatively, said marker gene codes for a protein
that is not per se toxic, but acts via an indirect
mechanism, e.g. an enzyme, which, after addition of a
substrate, 



modifies that substrate to a toxic substance. An
example is SacB from Bacillus subtilis. sacB encodes a
protein called levan sucrase. This protein turns
sucrose into levan, a substance that is toxic to
bacteria. The RNA I sequence of the CoIEl -type
plasmid represents an essential feature that
contributes to the advantages of the system. It
provides selection criteria for plasmid-bearing hosts
without the use of additional selection markers on the
plasmid, e.g. antibiotic resistance genes. Thus, the
invention provides an innovative system for
antibiotic-free selection of CoIEl -type plasmids.In
embodiments of the invention, the following components
are useful: 1. Host cells Since their replication
depends on the host machinery, CoIEl -type plasmids
are plasmids with a narrow host range. Replication is
limited to E. coli and related bacteria such as
Salmonella and Klebsiella (Kues and Stahl, 1989).
Thus, the only mandatory property of the host is that
it has the ability to replicate CoIEl plasmids.
Suitable hosts are the widely used Escherichia Coli
strains Kl 2 or the B strain or related commercially
available strains, e.g. JMl 08, TGl, DH5alpha, Nova
Blue, XLl Blue, HMS174 or L121(for review see Casali,
2003). Preferred genetic features of the host cell are
mutations that improve plasmid stability and quality
or recovery of intact recombinant protein. Examples of
desirable genetic traits are recA (absence of
homologous recombination), endA (absence of
endonuclease I activity, which improves the quality of
plasmid minipreps) or ompT (absence of an outer
membrane protease), hsdr (abolished restriction but
not methylation of certain sequences), hsdS (abolished
restriction and methylation of certain sequences). In
the experiments of the invention, the host strain
HMS174(DE3) (Novagen) was used, which contains the DE3
phage with the IPTG inducible T7 polymerase in its
genome (Studier and Moffatt, 1986). Another example
for a suitable host is HMS174(DE)pLysS, which
additionally contains the pACYCl 84 plasmid (CmR) that
carries the gene for the T7-lysozyme to decrease the
transcriptional activity of the T7-Promoter in the
un-induced state. Particularly in the case of a lethal
marker protein, it is desirable to avoid its
expression without induction.2. Constructs for
engineering the host cells 



The principle of a construct suitable for engineering
the host cells is shown in Fig. 2: All the components
- two homologous arms [H], promoter + operator [P+O],
RNA I marker sequence (RNA II-like sequence), marker
gene [gene] (in the Examples, GFP was used in initial
experiments) with a transcriptional terminator and the
Kan cassette (kanamycin resistance cassette containing
FRT, the +/- FLP recombinase recognition marker
sequences; alternatively, other conventional selection
markers may be used) are cloned into the multiple
cloning site of a suitable vector, e.g. pBluescript
KS+. Linear fragments for genomic insertion are cut
out with restriction enzymes or amplified by PCR. The
kanamycin resistance cassette can be obtained, by way
of example, from the pUC4K vector (Invitrogen). It can
be cloned into the fragment at two different sites,
namely before or after the marker gene. To avoid
unintended premature transcription of the marker gene
before it is turned on deliberately, the gene is
preferably inserted in the opposite direction of the
chromosomal genes. Preferably, the marker construct is
integrated in the bacterial genome. This can be
achieved by conventional methods, e.g. by using linear
fragments that contain flanking sequences homologous
to a neutral site on the chromosome, for example to
the attTN7-site (Rogers et al., 1986; Waddel and
Craig, 1988; Craig, 1989) or to the recA site.
Fragments are transformed into the host, e.g. E. coli
strains MGl 655 or HMS174 that contain the plasmid
pKD46 (Datsenko and Wanner; 2000). This plasmid
carries the l Red function (g, b exo) that promotes
recombination in vivo. Alternatively, DY378 (Yu et
al., 2000), an E. coli Kl 2 strain which carries the
defective l prophage, can be used. In case of MGl 655
or DY378 the chromosomal locus including the
expression fragment can be brought into the
HMS174(DE3) genome via transduction by Pl phage.
Positive clones are selected for antibiotic
resistance, e.g. in the case of using the Kan cassette
for kanamycin, or chloramphenicol. The resistance
genes can be eliminated afterwards using the FLP
recombinase function based on the site-specific
recombination system of theyeast 2 micron plasmid, the
FLP recombinase and its recombination target sites
FRTs (Datsenko and Wanner, 2000). Alternatively to
having the construct integrated in the host's genome,
it may be 



present on a phage or a plasmid that is different from
a CoIEl -type plasmid and that is compatible with the
system of the invention in the sense that it does not
influence expression of the marker gene (and the gene
of interest). Examples for suitable plasmids or phages
are pACYC184 (which is a derivative of miniplasmid
pl5A; see Chang and Cohen, 1978), Rl-miniplasmids
(Diaz and Staudenbauer, 1982),F1 -based plasmids or
filamentous phages (Lin, 1984) or the plasmid pMMB67EH
(Frste et al., 1986) that was used in the experiments
of the invention. More specifically, the elements of
suitable constructs can be defined as follows: 2.1.
Homologous arms It was found in initial experiments of
the invention that homologies of 30 bp on either side
of the construct are sufficient for recombination by l
Red system (Yu, 2000). However, since better results
are obtained with longer homologies, the arms are
preferably in the range of 50 - 400 bp. In the Example
homologous arms of 250 and 350 bp are used. 2.2.
Promoter If the foreign marker gene product isper se
toxic or lethal to the cell or if it is a repressor,
its expression has to be regulated. The promoter
region has to contain suitable operator sequences
(e.g. the Lac operator) that allow control of gene
expression. According to certain embodiments of the
invention, the T7 promoter, the tac or the trc
promoter, the lac or the lacUV5 promoter, the PBAD
promoter (Guzman et al., 1995), the trp promoter
(inhibited by tryptophan), the P1promoter (with C
repressor) or the gal promoter are used.When using the
lac operator, addition of IPTG (isopropyl
thiogalactoside, an artificial inducer of the Lac
operon) or lactose are used to activate the marker
gene. When an inducible system is used, bacteria are
able to survive without induction, but die upon
addition of the inducer. To achieve tight regulation
of toxic gene expression, a tightly regulable promoter
like the arabinose-inducible PBAD promoter (Guzman et
al., 1995) is preferably used, in particular in the
case that the marker protein isper se toxic to the
cells. Another way to control expression of the marker
gene is by using constitutive promoters in combination
with a gene that is non-toxic (e.g. a reporter gene)
or 



only toxic under defined conditions, e.g. the Bacillus
subtilis sacB gene. SacB is only toxic to E. coli when
sucrose is present.. The promoter is chosen in
coordination with the effect of the marker gene
product and the required efficiency of down-regulation
or silencing effect of RNA I . For example, for a
construct containing a non-toxic or less toxic marker
gene, a stronger promoter is desirable. 2.3. RNA
II-like sequence As RNA I has to act as a partial or
complete inhibitor, RNA II-like sequences that are
complementary to RNA I (10-555 nt) have to be
presented upstream of the marker gene, together with a
ribosome binding site (Shine-Dalgarno sequence) that
is upstream, downstream or embedded within said RNA
II-like sequence. Shine- Dalgarno sequence (SD) refers
to a short stretch of nucleotides on a prokaryotic
mRNA molecule upstream of the translational start
site, that serves to bind to ribosomal RNA and thereby
brings the ribosome to the initiation codon on the
mRNA. When located upstream of the RNA II-like
sequence, the SD sequence, preferably consisting of 7
nucleotides (GAAGGAG) should be located approximately
4 to 15 bp, e.g. 7 bp, upstream of the ATG start codon
of the marker gene. In the case that a ribosome
binding site is embedded within the RNA I sequence
complementary to the marker gene, this sequence should
be inserted such that only the stem region is altered,
loop structures and preferably the wholesecondary
structure should stay intact in order to allow
antisense RNA interaction with RNA I and formation of
a kissing complex. In an embodiment that provides a
start codon in front of the RNAII- like sequence, the
construct results in a fusion product comprising the
marker sequence and the RNA II-like sequence. In
another embodiment, the RNA II-like sequence is
inserted between the ribosomal binding site and the
start codon; this approach is limited to the maximal
gap possible to allow translation, e.g. 15 to 20 bp.
(If the distance between the ribosomal binding site
and the start codon increases, translational
efficiency decreases.) Alternatively to directly
fusing the RNA II-like sequence and the marker gene,
the RNA II-like sequence can be translationally
coupled with the marker gene. To 



achieve this, by way of example, a construct may be
used that starts with a start ATG, followed by the RNA
II-like sequence, a further ribosome binding site, a
sequence which represents an overlap between a stop
and a start codon, e.g. TGATG, and the marker
sequence. In this case the marker gene is only
translated when the RNA II-like sequence has been
translated before and separately from the marker gene.
The advantage of this set up is that protein fusion to
the marker gene is not required. This approach
provides the option of separate translation, which may
be beneficial for some marker proteins, e.g. in the
case of some repressors like the Tet repressor. Since
even single RNA I/RNA II stem loops form kissing
complexes (Eguchi 1991b; Gregorian, 1995), it has to
be ensured that at least a single loop is formed. In
any case, both requirements, i.e. on the one hand
translation of the marker mRNA in spite of inserted
loop structures and, on the other hand, efficient
RNA-RNA antisense reaction between the inserted loop
structure of the RNA IIlike sequence and the
complementary RNA I on the plasmid are fulfilled. The
interaction between RNA I and the marker mRNA that
contains the RNA IIlike sequence has the purpose to
inhibit binding of the ribosome, thereby
abolishingtranslation. Said mRNA is under control of
an inducible promoter (e.g. the lac, arabinose or T7
promoter) and after induction (e.g. by IPTG, lactose,
arabinose), expression of said marker gene is
down-regulated, whenever sufficient RNA I is produced
from the plasmid's origin of replication. Preferably,
the marker gene encodes a lethal protein or a toxic
protein that inhibits cell growth at least to a
certain extent (as defined above); in this case,
expression results in cell death or decreased cell
growth (in plasmid-free cells), whereas
down-regulation provides cell-growth (in
plasmid-bearing cells). Alternatively to marker genes
that encode lethal or toxic proteins, the marker gene
may encode any protein the expression of which is to
be regulated during growth of bacterial cells, for
whatever purpose. In particular, the marker gene may
be a reporter gene, as described below (2.4.). In the
system of the present invention, RNA I, which is
normally responsible for down-regulation of plasmid
replication, acts as "gene-silencer", while inhibition
of replication is decreased. Thus, the use of the
system of the present invention results 



in an increase of plasmid replication, which is
beneficial for survival of the bacterial host cells.
2.4. Marker Gene RNA I-mediated down-regulation of the
marker gene, which is a key feature of the invention,
can be applied to any gene the expression of which,
for any given purpose, is to be regulated. According
to a first aspect, RNA I-mediated down-regulation is
useful for marker genes that are conditionally lethal
to the host (e.g. see Davison, 2002, for review).
Examples for marker genes that are toxic per se and
suitable in the present invention are genes encoding
restriction nucleases (e.g. CviAII, a restriction
endonuclease originating from Chlorella virus PBCV-I;
Zhang et al., 1992), EcoRI (Torres et al., 2000),
genes encoding toxins that interact with proteins,
e.g. streptavidin or Stvl3 (a truncated, easy soluble
streptavidin variant), asdescribed by Szafransky et
al., 1997; Kaplan et al., 1999; Sano et al., 1995,
which act by deprivation of biotin, an essential
protein in cell growth);genes encoding proteins that
damage membranes (the E gene protein of FX174 (Ronchel
et al., 1998; Haidinger et al., 2002), ge/(Jensen et
al., 1993; Klemm et al., 1995), relF (Knudsen et al.,
1995); genes that encode other bacterial toxins, e.g.
the ccdb gene (Bernard and Couturier, 1992) that
encodes a potent cell killing protein from the
F-plasmid trapping the DNA gyrase or sacB from
Bacillus Subtilis (Gay et al., 1983); or genes that
encode eukaryotic toxins that are toxic to the
bacterial host (e.g. FUS; Crozat et al., 1993). When
using toxic genes, it is essential that their
expression can be modulated by an inducible promoter.
This promoter must not be active without inductor, but
provide expression upon induction, sufficient to
inhibit cell growth. Further examples of genes toxic
in bacteria and useful in the present invention are
given by Rawlings, 1999. In certain embodiments, the
marker gene is selected from genes encoding
restriction nucleases, streptavidin or genes that have
an indirect toxic effect, e.g. SacB, as described
above. In a preferred embodiment, the toxic marker
protein is not lethal or toxic per se or due to a
toxic effect upon its expression, but a repressor
protein which acts by 



repressing the transcription of a gene that is
essential for growth of said bacterial cell. In this
embodiment of the invention, RNA I-mediated
down-regulation in the presence of the plasmid affects
the repressor. This means that the presence of RNA I
and its interaction with the repressor mRNA (the RNA
II-like sequence) leads to inhibition of the repressor
and thus to activation or up-regulation of an
essential gene, with the effect that growth of the
cells only occurs in the presence of the replicating
plasmid. In this embodiment, the promoter of an
essential gene is modified by providing a binding DNA
sequence (an "operator"), preferably the natural
promoter is replaced by a complete, inducible promoter
(containing anoperator sequence) in such way that the
expressed repressor protein, e.g. the Tet repressor,
can bind to that operator, thereby inhibiting
transcription and regulating expression of the
essential gene, e.g. murA (by expression of the Tet
repressor.). The operator is a DNA sequence to which
its specific repressor or enhancer is bound, whereby
the transcription of the adjacent gene is regulated,
e.g. the lac operator located in the lac promoter with
the sequence TGGAATTGTGAGCGGATAACAATT (SEQ ID NO: 53;
Gilbert and Maxam, 1973) or derivatives thereof (Bahl
et al., 1977). The repressor gene, which should not be
present in the wild-type host, is engineered into the
genome under the control of an inducible promoter,
e.g. the T7, the lac or the tac promoter. Under normal
growth conditions, the repressor is not expressed.
After induction, by e.g. IPTG, the repressor is
expressed, binds to the artificially introduced
operator within the promoter region of the essential
gene or the artificially inserted promoter and thus
inhibits expression of the respective essential gene.
Whenever there is replicating CoIEl plasmid present in
the host, RNA I is produced which can bind to the
repressor mRNA, which had been modified accordingly.
By this RNA-RNA interaction, the translation of the
repressor is inhibited (analogously to any other toxic
marker protein). Consequently, the essential gene
product can be produced and the cells maintain viable
and grow. In essence, in this embodiment the bacterial
host comprises, besides the RNA IIlike sequence, one
of its essentials genes (as naturally embedded in the
bacterial 



genome) under the control of an inducible promoter
(which has been engineered into the genome to modify
or, preferably completely replace the naturally
occurring promoter of the essential gene). The
promoter region controlling the essential gene also
contains a DNA sequence (operator) that is recognized
and specifically bound by said repressor protein. The
repressor gene, which is engineered into the bacterial
chromosome, is also under the control of an inducible
promoter that is different from the promoter
controlling the essential gene in thus independently
inducible.Essential bacterial genes are known from the
literature, e.g. from Gerdes et al., 2002 and 2003,
and from the PEC (Profiling the E. coli Chromosome)
database
(http://www.shigen.nig.ac.jp/ecoli/pec/genes.jsp ),
e.g. Isoleucyl-tRNA synthetase (ileS), cell division
proteins like ftsQ, ftsA, ftsZ, DNA polymerase III
alpha subunit (dnaE), murA, map, rps A (30s ribosomal
protein Sl), f s B (30s ribosomal protein S2), lyt B
(global regulator), etc. A repressor is a protein that
binds to an operator located within the promoter of an
operon, thereby down-regulation transcription of the
gene(s) located within said operon. Examples for
repressors suitable in the present invention are the
tetracyclin repressor (tet) protein TetR, which
regulates transcription of a family of tetracycline
resistance determinants in Gram-negative bacteria and
binds to tetracyclin (Beck, et al., 1982; Postle et
al., 1984), the tryptophan repressor (trp), which
binds to the operator of the trp operon, which
contains the tryptophan biosynthesis gene (Yanofski et
al., 1987). Examples for inducible promoters are
promoters, where transcription starts upon addition of
a substance, thus being regulable by the environment,
e.g. the lac promoter, which is inducible by IPTG
(Jacob and Monod, 1961), the arabinosepromoter (pBAD),
inducible by arabinose (Guzman et al., 1995), and
copperinducible promoters (Rouch and Brown, 1997). In
the experiments of the invention, the tet-repressor
(tetR) was chosen to be the repressor gene, which
served as "toxic" marker gene by turning off an
essential bacterial gene upon addition of the inducer
IPTG. For implementation of the repressor gene
approach, two types of cassettes are designed and
inserted in the bacterial chromosome in the
experiments of the invention (Example 4). The first
set of constructs comprises cassettes that serve to 



replace (or modify) promoters of specific essential
genes on the genome. The second type of cassettes
serve as test constructs employing GFP as a surrogate
for an essential gene to provide proof of concept. The
aim of the experiments using theGFP test constructs is
to evaluate regulatory cascades, promoter strengths
and thus adjustment of all interacting components of
the system. Thus, in another embodiment, the marker
gene is a reporter gene, e.g. encoding GFP (Green
Fluorescent Protein), hSOD (human superoxide
dismutase), CAT (chloramphenicol acetyltransferase) or
luciferase. A reporter gene is useful in cultivation
processes whenever information on the presence or
absence of a CoIEl -type plasmid in a host cell or on
plasmid copy number is needed. Such information is
particularly useful when fermentation processes are to
be optimized with regard to control of plasmid copy
number. A reporter gene may also serve as a surrogate
of a toxic marker gene, and may thus be used in
experimental settings that aim at proving the
functionality of constructs to be employed for the
gene-regulating or silencing and to determine their
effect on a toxic marker gene. In order to evaluate
the functionality of constructs designed for
engineering a bacterial host such that expression of a
toxic marker gene can by regulated by a CoIEl -type
plasmid, the reporter gene ,,green fluorescent
protein" (GFP) served as a model in the initial
experiments of the invention. Due to its
auto-fluorescence (Tsien, 1998) GFP was considered
suitable to substitute the marker gene, or the
essential gene, respectively, in the initial
experiments. In certain embodiments of the invention,
the marker gene may be an endogenous host gene, which
may be any gene of interest that is intended to be
regulated. In this case, the host cell is engineered
such that the sequence encoding the RNA IIlike
sequence is operably associated with the relevant host
gene, as described in 2.3. 3. CoIEl -type plasmid In
the present invention, all CoIEl -type plasmids with
their natural RNA I/RNA II pairs, as well as with
modified RNA I and/or RNA II sequences, e.g. as
described in WO 02/29067, may be used.As mentioned
above, representatives of useful CoIEl -type plasmids
are the naturally occurring CoIEl plasmids pMBl, p i
5A, pJHCMWl, as well as the 



commonly used and commercially available cloning
vehicles such as pBR322 and related vectors, the pUC
plasmids, the pET plasmids and the pBluescript
vectors. No antibiotic resistance genes need to be
included in the plasmid sequence. As essential
elements, the plasmid basically only contains the
CoIEl origin of replication and the gene expression
cassette carrying the gene of interest. The gene of
interest on the plasmid and its promoter depend on the
type of application; the invention is not limited in
any way with respect to the gene of interest, e.g. a
therapeutic gene. For gene therapy applications, the
gene may be operably associated to an eukaryotic
promoter, e.g. the CMV promoter. Application of the
invention: The present invention can be widely used in
state-of-the-art fermentations, both for plasmid DNA
production and for producing recombinant proteins.
Several approaches for fermentation of pDNA have been
described that are useful for applying the present
invention. The methods for plasmid DNA production
differ with regard to the level of control imposed
upon the cells and the numerous factors that influence
fermentation: For pDNA production on a laboratory
scale, cultivation of plasmid-bearing cells in shake
flasks is the simplest method (O'Kennedy et al., 2003;
Reinikainen et al., 1988; O'Kennedy et al., 2000; US
6,255,099). To obtain higher quantities of plasmids,
the cells can be cultivated in controlled fermenters
in so-called "batch fermentations", in which all
nutrients are provided at the beginning and in which
no nutrients are added during cultivation.
Cultivations of this type may be carried out with
culture media containing so called "complex
components" as carbon and nitrogen sources, as
described e.g. by O'Kennedy etal., 2003, and Lahijani
et al., 1996, and in WO 96/40905, US 5,487,986 and WO
02/064752. Alternatively, synthetic media may be used
for pDNA production, e.g. defined culture media that
are specifically designed for pDNA production (Wang et
al., 2001; WO 02/064752). The present invention may
also be used in fed batch fermentations of E. coli, in
which one or more nutrients are supplied to the
culture by feeding, typically by using a feed-back
control algorithm by feeding nutrients in order to
control a process parameter at a defined set point.
Feed-back control is hence directly related 



to cell activities throughout fermentation. Control
parameters which may be used for feed-back control of
fermentations include pH value, on line measured cell
density or dissolved oxygen tension (DOT). A feed-back
algorithm for controlling the dissolved oxygen tension
at a defined set point by the feeding rate was
described in WO 99/61633. Another, more complex
algorithm uses both the DOT and the pH value as
control parameters for a feed-back cultivation method
(US 5,955,323 ; Chen et al., 1997). Another feeding
mode is based on the supply of feeding medium
following an exponential function. The feeding rate is
controlled based on a desired specific growth rate
m.WO 96/40905 and O'Kennedy et al., 2003 describe
methods that use an exponential fed-batch process for
plasmid DNA production. Lahijani et al., 1996,
describe combining exponential feeding with
temperature-controllable enhancement of plasmid
replication. Alternatively, the invention may be
applied in a process for producing plasmid DNA, in
which E. coli cells are first grown in a pre culture
and subsequently fermented in a main culture, the main
culture being a fed-batch process comprising a batch
phase and a feeding phase. The culture media of the
batch phase and the culture medium added during the
feeding phase are chemically defined, and the culture
medium of the feeding phase contains a growth-limiting
substrate and is added at a feeding rate that follows
a pre-defined exponential function, thereby
controlling the specific growth rate at a pre-defined
value.When the marker gene is under the control of an
inducible promoter, the inducer may be added to the
batch at the beginning and/or pulse-wise (both in a
batch and in fed-batch cultivations). During the feed
phase, the inducer may be added pulsewise or
continuously. At the end of the fermentation process,
the cells are harvested and the plasmid DNA is
isolated and purified according to processes known in
the art, e.g. by methods based on anion exchange and
gel permeation chromatography, as described in US
5,981,735 or by using two chromatographic steps, i.e.
an anion exchange chromatography as the first step and
reversed phase chromatography as the second step, as
described in US 6,197,553. Another suitable method for
manufacturing plasmid DNA is described in WO
03/051483, which uses two 



different chromatographic steps, combined with a
monolithic support. In addition to applying the
invention for plasmid production, e.g. for production
of plasmids for gene therapy applications, it is also
useful for recombinant protein production. With regard
to recombinant protein production, in principle, any
method may be used that has proven useful for
expressing a gene of interest in E. coli, in
particular from a CoIEl type plasmid (see, for review,
e.g. Jonasson et al., 2002; Balbas, 2001). The protein
may be obtained intracellularly (completely or
partially soluble or as inclusion bodies) or by
secretion (into the cell culture medium or the
periplasmic space) from batch fermentations or,
preferably, fed-batch cultivations, using complex,
synthetic or semisynthetic media. In plasmid DNA
production, usually plasmid DNA for gene therapy
applications, the gene of interest is not expressed in
the bacterial host cell. In view of its application in
mammals, preferably in humans, where it is to be
ultimately expressed, the gene of interest is usually
operably associated with a eukaryotic promoter. In
contrast, for recombinant production of proteins in E.
coli, the gene of interest is to be expressed in the
host cell therefore under the control of a prokaryotic
promoter.For recombinant protein production, the two
promoters, i.e. the promoter controlling the marker
gene and the promoter controlling the gene of
interest, may be different or the same, as long as no
interference occurs that disturbs expression of either
one. Advantageously, since their activity is
independent of each other concerning timepoint and
level of transcription, the promoters are differently
regulated. Preferably, the promoter controlling the
marker gene is active at the start of the fermentation
process and produces moderate amounts of mRNA, while
the promoter of the gene of interest is rather strong
and activated at a chosen time-point during
fermentation. If inducible promoters are used for both
the gene of interest and the marker gene, they are
usually chosen such that they are turned on by
different inducers. Alternatively, the marker gene may
be under an inducible and the gene of interest under a
constitutive promoter, or vice versa. This applies
both for methods in which the marker gene construct is
integrated in the bacterial host genome and in 



which the marker gene construct is contained in a
plasmid or phage, as described above. With regard to
induction of the promoter in the various phases of
fermentation, the principle described above for
plasmid DNA production applies. The invention has the
great advantage that all replicated plasmids are
devoid of antibiotic resistance genes and are
therefore, in addition to gene therapy applications,
suitable for all applications for which the absence of
antibiotic resistance genes is required or desirable,
e.g. for the generation of recombinant yeast strains
that are intended for human and animal food production
or for the generation of recombinant plants.Brief
description of the Figures: Fig. 1: Principle of RNA
I-mediated marker gene down-regulation or silencing
Fig. 2: Construct for engineering host cells Fig. 3:
Results from hybridization experiments with in vivo
transcribed constructs Fig. 4 : Constructs containing
marker gene and RNA II-like sequences Fig. 5: Gene
down-regulation effect in the presence of pBR322 Fig.
6: Gene down-regulation effect of various plasmids
Fig. 7: Expression/suppression of marker gene during
fermentation Fig. 8: Principle of a construct based on
an essential gene including replacement of essential
gene promoter Fig. 9: Test constructs for repressing
GFP as a surrogate for an essential gene Fig. 10:
Results from shake flask experiments with test
constructs inserted into the HMS174(DE3) genomeIn
Examples 1 and 2, the oligonucleotides as shown in
Table 1 are used: Table 1:Table 1 ctd.: The
oligonucleotides of SEQ ID NO: 1 and 2 containing the
RNA-I complementary sequence in the context with the
T7 promoter and ribosomal binding site, and the first
60 nucleotides of the GFP cDNA, are amplified using
oligonucleotide of SEQ ID NO: 7 and 8 and used for in
vitro transcription by T7 polymerase (see Example 1).
Oligonucleotide of SEQ ID NO: 1 contains loop 1 and
loop 2 of RNA I (equivalent to III in Fig. 4), the
oligonucleotide of 



SEQ ID NO: 2 contains loop 2 of RNA I (equivalent to
II in Fig. 4). Oligonucleotides of SEQ ID NO: 3 and 4
are used to amplify RNA I ( 110 bp) from a CoIEl
plasmid and to incorporate the T7 promoter for in
vitro transcription. Oligonucleotides of SEQ ID NO: 5
and 6 are used to amplify RNA II18Ont from a CoIEl
plasmid and to incorporate the T7 promoter for in
vitro transcription. Oligonucleotides of SEQ ID NO: 7
and 8 are also used to produce DNA for the negative
control (equivalent to I in Fig. 4) from petl IaGFP as
template. Negative control is a fragment of the green
fluorescent protein mRNA in context with the T7
promoter and a ribosomal binding site. Example 1
Hybridization experiments with in vivo transcribed
constructs In order to chose the desired length and
position of the sequence complementary to RNA I (the
RNA II-like sequence), within the mRNA molecule the
translation of which is to be inhibited by
hybridization, in vitro antisense experiments are
carriedout. RNA hybrids of RNA I to different
synthetic RNAs and to RNA II are subjected to a gel
shift assay. To this end, artificially designed GFP
constructs that contain an RNA II-like sequence are
transcribed in vitro and incubated with in vitro
transcribed RNA I . Hybridization is detected on
native RNA-polyacrylamide gels. Synthetic RNAs (RNA I
and synthetic constructs with RNA II hairpin
structures at their 5' end) are obtained by in vitro
transcription (Ampliscribe, T7-Flash Transcription
Kit; Epicentre) (Fig 2). 110 bp of RNA I and RNA II
each from pBR322 ori and oligonucleotides
(oligonucleotides SEQ ID NO: 1 and 2) obtained from
Metabion are amplified by PCR and serve as linear DNA
templates for in vitro transcription. To verify RNAI
and RNAII-target interactions, gel shift experiments
are carried out. Loop-loop complexes are visualised as
they appear retarded. RNAs are heated separately,
prior to hybridization. Gels are 75 mm thick, 5% (w/v)
polyacrylamide (60: 1) and are run in a mini protein
gel apparatus (Pharmacia) cooled with ice cold water.
The running buffer is Ix Tris-borate (89 mM Tris (pH
8.3), 89 mM boric acid) containing 5 mM MgCl . Bands
are stained with ethidium bromide and viewed using a
UV transilluminator. 



When 60 nt of GFP mRNA including RBS and start codon
with and without RNAII sequences at the beginning of
the transcripts are incubated with RNAI, the results
shown in Fig. 3 are obtained. Gel 1 of Fig. 3 shows
positive (RNAII108 nt, corresponding to the complete
RNAI sequence and negative control. If a reaction has
occurred between the two RNAs, the (marked) RNAI band
appears weaker, because it is retarded.GeI l : 1 neg.
control RNA 2. RNAI + neg. control RNA 3 RNAIIi08nt 4
RNAI + RNAIIiosnt (heating prior to incubation (3 min
at 90C) 5 RNAI + RNAIIio8nt 6 RNAI (heating prior to
incubation (3 min at 900C)) 7 RNAI On gel 2 of Fig. 3,
lanes 8, 9 and 10, only the RNAI band is shown. When
incubated with a transcript carrying one RNAII loop, a
very weak reaction is seen, whereas a transcript with
two loops gave a strong reaction. Gel 2: 8 RNAI 9 RNAI
(+RNAII Ioop2) 10 RNAI (+RNAII loopl and 2) Loop2GFP
(lane 9) shows a slightly weakened RNA I band compared
to the negative control, whereas Loopl+2GFP (lane 10)
shows a dramatic decrease in the RNA I band,
indicating formation of a kissing complex. This data
shows that RNARNA interaction with the presence of
only one loop is efficient. Loop constructs that
indicate formation of a kissing complex on the gel -
even a weak one - are cloned into pMMB67EH and
pBluescriptll KS+ and tested for GFP expression. Since
interaction of RNA I with a marker containing two
hairpin loops is stronger, this construct is
considered the favorite candidate for the in vivo
experiments.Example 2 



In vivo assay to test gene expression and gene
silencing In the constructs to be tested, either one
or two RNA II stem loops are cloned into an expression
vector. Secondary structures and proper folding of the
transcript are confirmed by the computer program
RNAfold (Gene Quest, Vienna RNA folding procedure; see
Zuker, 1999). For this experiment, an expression
vector with a non-ColEl origin, for example pMMB67EH
(Frste et al., 1986) is considered useful to
circumvent RNA I-target interactions within the
plasmid and to determine whether GFP expression is
hampered by the presence of additional sequences in
proximity of the ribosomal binding site. This is
considered to be an important point, because
additional sequences and secondary structures on or
near the ribosomal track usually decrease or even
completely inhibit gene expression (Malmgren, 1996;
Ringquist, 1993). Based on the results obtained with
the native RNA gels (see Example 1), two fusions of
GFP with RNA II-like sequences are constructed (Fig.
4). Two different RNA II-like sequences are inserted
upstream of the GFP coding sequences, under control of
the T7 promoter and lac operator. The gfp gene is
amplified from pGFPmut3.1 by primers Nhel-GFP-back and
BamHI-GFP-for (for primer sequences see Table 2). The
T7/lacO promoter - with and without RNAII loops/RBS
combinations - is fully synthesized on primers
(HindIII-T7GFP-back) and together with BamHI-GFP-for
used to amplify gfp or synthesized on oligos
(T7al3-oligo and T7L12ras -oligo) and fused to the
amplified gfp by Nhel restriction site. The whole
fragment is cloned into pMMB67EH by BamHI and HindIII
restriction (for primers and oligos see Table 2).Table
2: Selected constructs Table 2 ctd.:The constructs are
cloned into the pMMB67EH vector to confirm GFP
expression in spite of additional sequences in
proximity to the ribosomal binding site. Both
constructs produce GFP, but expression is
significantly lower as compared to a construct without
hairpin loops. The two constructs are cloned into
vector pBluescript containing the Tn7 homologies and
the kanamycin resistance gene, which serves for
selection of hosts that have the capacity to integrate
the entire cassette into the chromosome. The GFP
cassettes are inserted on the bacterial 



chromosome as described before. Fig. 4 : shows
constructs that are cloned into pMMB67EH and also
inserted on the genome of HMS174(DE3). Cassettes for
I) HMS174(DE3)T7GFP =IS5, II) HMS174(DE3)T7al3GFP =
ISl 1 and III) HMS174(DE3)T7112rasGFP = IS13 As
T7aL3GFP and T7112rasGFP show GFP expression when
cloned into pMMB67EH, these expression cassettes - and
T7GFP as a negative control - are inserted on the
bacterial chromosome for testing their ability to
serve as a target for antisense RNAI. The constructs
are cloned into vector pBluescript KSII+ by BamHI and
HindIII restriction sites. The Tn7 homologies are
amplified from E. coli HMS174(DE3) colonies with
primers NotI-Tn7/l-back and EcoRI-Tn7-for for homology
1 and primers XhoI-Tn7/2-back and KpnI-Tn7-for for
homology 2 (for primer sequences see Table 3). For the
kanamycin resistance cassette, which serves for
selection of hosts that have the entire cassette
integrated into the chromosome, the EcoRI fragment
from pUC4K is taken. The T7 Terminator is amplified
from expression vector pETl Ia by primers
XhoI-T7term-for and EcoRIT7 term-for (Table 2). The
entire plasmids are digested by Notl and Kpnl for the
cassette and by Alw44I for the digestion of the
plasmid backbone. The gel purified linear cassette is
inserted on the bacterial chromosome of MG1655
carrying the Red Helper plasmid pKD46. The chromosomal
section carrying the inserted fragment is transferred
to HMS174(DE3) by Pl transduction. Correct insertion
of the expression cassettes is confirmed by PCR
(external primers (Table 3) and internal
primers).Table 3: Primers for Tn7 site for strains IS
5, IS 11 and IS 13 As chromosomal insertion site
attTn7 is chosen (deBoy and Craig, 2000), which is
situated in the non-coding region between genes glmS
and phoS within the transcriptional terminator of
glmS. By the specified Tn7 primers only this
transcriptional terminator is replaced by the
cassette. (Yu and coworkers demonstrated that
homologies of 40 bp are sufficient for integration of
linear fragments into the chromosome (Yu et al.,
2000)). As better results are obtained with longer
homologies, they are extended to 300 bp on one side
and 240 bp on the other side. As HMS174(DE3) does not
seem to be suitable for direct integration of linear
DNA by Red Helper plasmid, MGl 655 is used for initial
integration and by 



Pl transduction the recombinant chromosomal section is
transferred into HMS174(DE3). Resulting strains
HMS174(DE3)T7al3GFP =IS5, HMS174(DE3)T7GFP = ISl 1 and
HMS174(DE3)T7112rasGFP = IS13 contain GFP under
control of the T7 promoter with or without an RNA II
loop structure, respectively. Correct insertion of the
expression cassettes is confirmed by PCR. The obtained
strains are designated I) IS5, II) ISl 1 and III) IS13
and tested for GFP expression and RNAI-mediated gene
silencing effect in shake flask experiments. For shake
flasks experiments, overnight cultures are diluted
1:100 and grown until OD600 -0.5. Then IPTG is added
for induction. Fluorescence is measured by the
microplate reader SPECTRAmax GeminiXS and software,
SOFTmax Pro(Molecular devices) at excitation
wavelength 488 nm and emission 530 nm with a 515 nm
cutoff filter. Detection of GFP with and without
induction with IPTG shows a clear gene silencing
effect when pBR322 is present (Fig. 5). IS13 shows
lower GFP expression the ISl 1 and inhibition of GFP
expression is little, whereas ISl 1 shows higher GFP
expression and a significant gene silencing effect
providing evidence that our concept is working. When
no RNA II-like sequence is present (IS5) upstream of
the GFP-gene, no gene silencing is detected (Fig. 6).
IS5 is transformed with different plasmids, including
pETl Ia, pET3d, pMMB67EH and pBR322, to check for
undesired interaction between plasmid and genomic gene
expression (Fig. 6). It is found that only when the
GFP mRNA contains the RNA II-like sequence and a CoIEl
plasmid is used that does not contain homologous
sequences to the cassette on the genome, e.g. the T7
promoter or the lac operator, a defined gene silencing
effect can be observed. No interference between host
and plasmid disturbs the antisense reaction when using
pBR322 related plasmids that are typically used in
gene therapy. Fig. 5 shows the comparison of strains
ISl 1 and IS13 with and without pBR322. Rfu/OD are
fluorescence units related to optical density. The
increase of GFP fluorescence is observed after
induction in intervals of 1.5 hrs. Fig. 6 shows the
results of the shake flask experiments with IS5
containing various plasmids. pBR322 and related
plasmids (as used in gene therapy applications) 



show no interference between host and plasmid.Example
3 Expression/suppression of marker gene during
fermentation The E. coli strains ISl 1 and IS5 are
analyzed during a fed-batch fermentation process, with
and without the presence of plasmid pBR322. Table 4
summarizes the experimental set-up of four fed-batch
fermentations. Each strain is grown either in the
presence or absence of pBR322. Table 4 : Fed batch
fermentations All four cultivations show very similar
trends for online signals such as CO , O , base
consumption or capacity and the course of total BDM
varies also in a very small range of less than  10%
from the calculated mean as shown in Figs. 7a and 7b.
Fig. 7a shows bacterial dry mass (BDM) and GFP
expression of ISl 1 with or without maintenance of
pBR322. While the total BDM is identical for both
fermentations, the GFP concentration is drastically
decreased when pBR322 is present (50%). The curve
progression of GFP measurements strongly indicates
inhibition of GFP translation by the plasmid' s
presence, hence, its replication, and confirms the
expectation that RNA I and the modified mRNA of GFP
interact, thereby hampering translation (Fig. 7a). In
order to rule out that pBR322 has an effect on
recombinant protein expression per se, further
fed-batch experiments are carried out using IS5, again
with or without plasmid propagation. As is shown in
Fig. 7b, there is no difference in GFP expression or
cellular growth: whether pBR322 is present in the host
or not, no influence on transcription nor translation
of GFP can be detected. In these experiments the
overall GFP expression is muchhigher than when strain
ISl 1 is used, due to efficient translation of the
native mRNA. Although, protein expression is decreased
by the presence of a stable RNA loop structure near
the ribosomal binding site in ISl 1, expression is
inhibited, when pBR322 is present. Thus, it can be
demonstrated by using GFP as a surrogate for a toxic
marker that the replication regulatory system of CoIEl
can be used to suppress marker gene expression.
Example 4 Use of a repressor for regulating the
expression of an essential gene a) Generation of
constructs for essential genes The first essential
gene to be tested is map (Li et al., 2004), the gene
for the 



methionine aminopeptidase, which is located at min 4
of the E. coli chromosome, 357 base pairs from the
rpsB-tsfbperon and 201 bp from the T44-RNA gene. The
two genes are transcribed divergently and promoters do
not overlap. This is an essential point, because the
promoter of the essential gene is to be removed
entirely and replaced by an inducible promoter that is
specific for a chosen repressor. Chang et al, 1989
described a conditionally lethal mutant strain which
has the map gene controlled by the lac promoter. By
the map cassette, a 67 bp chromosomal section is
replaced containing the map promoters (Chang et al,
1989). To circumvent possible transcripts from the
genome, two strong transcriptional terminators Tl and
T2 from the rrnB operon (Brosius et al, 1981) are
added to the integration cassette. The second gene
that is tested is murA (Brown et al, 1995), which has
been described as an essential E. coli gene. The gene
murA encoding the enzyme UDP-JV-acetylglucosamine
enolpyruvyl transferase for the first committed step
of bacterial cell wall biosynthesis, is situated on
the E. coli chromosome at 69.3 min Herring and
Blattner compared death curves of several conditional
lethal amber mutants in their publication (Herring and
Blattner, 2004), amongst others also thoseof map and
murA mutants. But of all the mutations murA is far the
most bactericidal showing the best and fastest killing
rate in non-permissive medium. Fig. 8 shows the
principle of a construct based on an essential gene,
including replacement of essential gene promoter. The
constructs for genomic integration are cloned into
vector pBluescript KSII+ again. The essential gene
homologies, each -300 bp are amplified from MGl 655
colonies with primer pairs Sacl-mapl-for /
Notl-mapl-back and Xhol-map2-back / Kpnl-map2-for for
the map homologies and primer pairs SacI-murAl-for /
NotlmurAl -back and XhoI-murA2-back / KpnI-murA2-for
for the murA homologies (for primer sequences see
Table 5). The fragment containing the lactose promoter
and operator (plac) is amplified from pBluescriptKSII+
by primers BamHI-placOback and Notl-placO-for. The
gene for the chloramphenicol acetyl transferase (cat)
is amplified from pLys (pACYC184) with primers
Hindlll-Sall-Cat-back and XhoI-Cat-for. The rrnBT12
Terminators are amplified from pBAD by primers
BamHI-T12-for and HindIII-T12-back. The assembled
vectors pBSKmap<plac- 



T12-Cat> and pBSKmurA<plac-T12-Cat> are digested by
Sad and Kpnl and the linearized cassettes are inserted
on the genome of MG1655 as described previously.
Correct integration of the cassettes is verified by
PCR combining external primers (mapl extern, map2
extern, murAl extern, murA2 extern; Table 5) and
internal primers. The primers for essential and test
gene constructs are shown in Table 5.Table 5:If the
homology primers are chosen correctly, colonies are
expected after genomic integration only in the
presence of IPTG. No ribosomal binding site (RBS) is
provided on the primers NotI-map/murA-for, as it is
intended not to replace the native RBS by the cassette
to keep gene expression pattern as normal as possible.
So the aim is to replace any promoter in front of the
essential gene but to keep the native RBS intact.
Neither the map nor the murA mutants grew on LB-CM
plates after transformation, but they grew properly on
LB-CM plates and liquid medium containing 0,1 mmol
IPTG/L, indicating that the choice of the primers was
correct and plac and the terminators are functioning
properly. However, in further cultivation map mutants
show slight growth on plates and liquid medium without
IPTG. As murA mutants did not show any growth on
non-permissive media the murA construct is chosen as a
basis for the selection system. b) Generation of test
constructs for repressing GFP as a surrogate for an
essential gene The principal of the constructs,
exemplified by pBluescriptKSII+, is shown in Fig. 9.
The plasmidpBSKTn7< rLtetOgfp-T7aL3tetR-Cat> is
constructed in several successive cloning steps from
pBSKTn7<T7al3GFP> as starting vector and intermediate
plasmids containing the individual fragments (for
primer sequences see Table 5 and 6). The Tn7 homology
1 is amplified from a bacterial template using primers
Sacl-Tn7/1 -back and EcoRI-Tn7/l -for, Tn7 homology 2
is amplified using primers XhoI-Tn7/2-back and
KpnI-Tn7/2-for, rrnBT12 terminators are amplified
using primers EcoRI-T12-back and HindIII-SalI-T12 for
and the cat gene is amplified by primers
Hindlll-Sall-Cat-back and XhoI-Cat-for. (Table 5). The
tetracyclin repressor gene (tetR) is amplified from
the tetracycline resistant strain 



ISl (HMS174(DE3) ilv500::Tnl0) containing TnIO by
primers Nhel-tetR-back and BamHI-tetR-for. The
tet-inducible pLtetO promoter is fully synthesized on
a primer (HindIII-PLtetO-NotI-RB S-GFP back) and
together with primer EcoRIGFP-for used to amplify gfp.
For genomic integration, the assembled vector
pBSKTn7<pLtetOgfp-T7al3tetR-Cat> is again digested
with Sad and Notl to release the desired expression
cassette. Table 6: Additional Primers for test
construct:Table 6 ctd.: c) Shake flask experiments
with test constructs inserted into the HMS174(DE3)
(=K12) genome HMS174(DE3)Tn7::pLtetOgfpT7aL3tetRCat
(HMS-GTC) overnight cultures with and without pBR322
are diluted 1:100 in semi-synthetic medium and split
up in two parallel shake flask cultures with and
without the inducer IPTG. The cultures are grown by
shaking at 37C. When shake flasks reached an OD6oonm
of more than 0.7, sampling for the gfp-ELISA is
started. The shake flask experiment with HMS-GTC is
performed to test if the synthetic promoter pLtetO is
working and tetR with the small fusion peptide (Loop3)
on its N-terminus is still efficient in
operator-binding. The induced media contain 0.1 mmol
IPTG, and is increased to 0.5 mmol IPTG at OD 0.5.
This high amount of IPTG is the reason of the growth
inhibition of the induced flask (Fig. 10). IPTG
addition shuts down transcription of the gfp gene,
indicating that the reaction cascade functions
properly. The low - and constant - basal GFP level in
the induced flask is apparently caused by remaining
GFP from the overnight culture without IPTG. The
HMS-GTC shake flask results are compared with shake
flask experiments of the same host and MG1655-GTC
containing plasmid pBR322. MGl 655 lacks the DE3
prophage and thus the T7-polymerase and so serves as
negative control.Presence of pBR322 always shows
increased GFP expression. In Table 7 the mean ratio
(plasmid/no plasmid) of ng GFP/OD in the shake flasks
is calculated and both hosts containing a chromosomal
copy of the cassette as well as different induction
strategies are compared. Table 7 : When HMS-GTC
containing the plasmid is induced at the start of
cultivation, a slight increase (factor 1.44) in GFP
expression is measured compared to the flask 



without plasmid. However, this slight increase (factor
1.43) is also measured in MGl 655-GTC indicating that
this GFP cumulation is probably caused by the plasmid
but not by RNAI-antisense reaction. Completely
different results are obtained when IPTG is added when
an OD6oonm of 0.5 is reached. Although basal GFP level
is higher, there is a definite raise in GFP
expression, when pBR322 is present in the cell. Here
RNAI and its antisense reaction with the Ioop3 of
RNAII is the antagonist of the inducer IPTG. However,
IPTG is a strong inducer and RNAI-loop3 antisense
reaction is comparatively weak.Also a more than double
increase (factor 2.29) of GFP is observed in HMS-GTC
pBR322 without induction (Table 7). This can be
explained by the leakiness of T7 system (Studier and
Mofatt, 1986) and is also an indirect proof of the
antisense reaction. Due to the basal level of
T7-polymerase, small amounts of TetR are present in
the cell. And since TetR is a strong and efficient
repressor molecule, this small amount is sufficient to
suppress GFP expression to a factor of 2.29. When RNAI
from pBR322 is present, it is able to "handle" the few
tetR mRNA molecules and GFP level raises.References
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A non-naturally occurring bacterial cell containing i)
a DNA sequence encoding a protein the expression of
which is to be regulated, and, operably associated
thereto, ii) a DNA sequence encoding an RNA sequence
that mimics an RNA II sequence, or parts thereof, and
that is complementary to an RNA I sequence that is
transcribable from a plasmid with a CoIEl origin of
replication. 2. The bacterial cell of claim 1
containing said DNA sequences i) and ii) integrated in
its genome. 3. The bacterial cell of claim 1 or 2,
wherein said DNA sequence i) is a DNA sequence that is
foreign to said cell. 4. The bacterial cell of claim
3, wherein said foreign DNA sequence i) encodes a
protein that is lethal or toxic to said cell. 5. The
bacterial cell of claim 4, wherein said foreign DNA
sequence i) is under the control of an inducible
promoter. 6. The bacterial cell of claim 4, wherein
said foreign DNA sequence i) encodes a protein that is
lethal or toxic to said cell per se or by generating a
toxic substance. 7. The bacterial cell of claim 4,
wherein said foreign DNA sequence i) encodes a
repressor protein that is lethal or toxic to said
bacterial cell by repressing the transcription of a
gene that is essential for growth of said cell. 8. The
bacterial cell of claim 7, which is engineered such
that said essential gene is operably linked to a
promoter which contains a DNA sequence that is
recognized and specifically bound by said repressor
protein.9. The bacterial cell of claim 8, wherein said
promoter linked to said essential gene is inducible.
10. The bacterial cell of claim 9, wherein said
inducible promoter is inducible independent of the
inducible promoter of claim 5. 



11. The bacterial cell of claim 1, wherein said DNA
sequence ii) is inserted between the ribosomal binding
site and the start codon of said DNA sequence i). 12.
The bacterial cell of claim 1, wherein said DNA
sequence i) and said DNA sequence ii) are linked such
that they encode a fusion protein. 13. The bacterial
cell of claim 1, wherein said DNA sequence i) and said
DNA sequence ii) are translationally coupled. 14. The
bacterial cell of any one of claims 1 to 13 that has
ability to replicate a plasmid with a CoIEl origin of
replication. 15. The bacterial cell of claim 14, which
is an Escherichia coli cell. 16. A host-vector system
comprising a) a plasmid with a CoIEl origin of
replication; b) a bacterial host cell in which said
plasmid a) can be replicated, containing i) a DNA
sequence encoding a protein the expression of which is
to be regulated, and, operably associated thereto, ii)
a DNA sequence encoding an RNA sequence that mimics an
RNA II sequence, or parts thereof, and that is
complementary to an RNA I sequence transcribable from
the plasmid a), wherein said RNA sequence defined in
ii), in the absence of the plasmid a), allows for
expression of said protein andwherein, when said
plasmid a) is present inside said host cell, the RNA I
molecule transcribed from the plasmid hybridizes with
said RNA sequence defined in ii), whereby expression
of said protein is suppressed. 17. The host-vector
system of claim 16, wherein said bacterial host cell
b) is a bacterial cell as defined in any one of claims
2 to 13 and 15. 18. The host-vector system of claim 16
or 17, wherein said foreign DNA sequence i) encodes a
protein that is lethal or toxic to said bacterial cell
and wherein said RNA sequence defined in ii), in the
absence of the plasmid a), allows for expression of
said lethal or toxic protein such that growth of said
host cell is completely or partially inhibited and
wherein, when said plasmid a) is present inside said
host cell, the RNA I molecule transcribed from the 



plasmid hybridizes with said RNA sequence defined in
ii), whereby expression of said lethal or toxic
protein is suppressed such that said complete or
partial growth inhibition is abrogated in
plasmid-bearing cells. 19. The host-vector system of
claim 16, wherein said plasmid a) additionally
contains a gene of interest. 20. A method for
producing plasmid DNA, comprising the steps of i)
transforming a population of bacterial host cells of
claim 4 with a plasmid that has a CoIEl origin of
replication and contains a gene of interest that is
not to be expressed from said plasmid in said
bacterial host cell, ii) growing said bacterial host
cell population under conditions in which said lethal
or toxic protein is expressible in the cells, whereby
expression of said protein completely or partially
inhibits growth of plasmid-free cells such that the
plasmid-bearing cells outgrow the plasmid-free cells,
iii) harvesting plasmid-bearing cells, and iv)
isolating and purifying the plasmid DNA.21.A method
for producing a protein of interest, comprising the
steps of i) transforming a population of bacterial
host cells of claim 4 with a plasmid that has a CoIEl
origin of replication and contains a DNA sequence
encoding a protein of interest under the control of a
prokaryotic promoter that enables expression of said
protein in said bacterial host cells, ii) growing said
bacterial host cell population under conditions in
which said lethal or toxic protein is expressible in
the cells, whereby expression of said protein
completely or partially inhibits growth of
plasmid-free cells such that the plasmid-bearing cells
outgrow the plasmid-free cells, iii) harvesting the
protein of interest, and iv) isolating and purifying
it. 


