
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2018/007560 Al
11 January 2018 (11.01.2018) W !P O PCT

(51) International Patent Classification:
Declarations under Rule 4.17:

C07K 14/245 (2006.01) C12N 9/00 (2006.01)
— of inventorship (Rule 4.1 7(iv))

C12P 7/00 (2006.01) C12R 1/00 (2006.01)
Published:(21) International Application Number:
— with international search report (Art. 21(3))

PCT/EP20 17/067025
— with sequence listing part of description (Rule 5.2(a))

(22) International Filing Date:
06 July 2017 (06.07.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
PCT/IB20 16/00 1123

08 July 2016 (08.07.2016) IB

(71) Applicant: METABOLIC EXPLORER [FR/FR];
BIOPOLE CLERMONT-LIMAGNE, 63360 SAINT
BEAUZIRE (FR).

(72) Inventors: CORRE, Gwenaelle; 3 place de l'Eglise, 63360
SAINT BEAUZIRE (FR). RAYNAUD, Celine; 1 rue des
Ecoles, 63360 SAINT BEAUZIRE (FR).

(74) Agent: REGIMBEAU; 20, rue de Chazelles, 75847 PARIS
CEDEX 17 (FR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

©
(54) Title: METHOD FOR THE FERMENTATIVE PRODUCTION OF MOLECULES OF INTEREST BY MICROORGANISMS
COMPRISING GENES CODING SUGAR PHOSPHOTRANSFERASE SYSTEM (PTS)

o© (57) Abstract: The present invention relates to a new method for the production of a molecule of interest by conversion of a source of
carbon in a fermentative process comprising culturing a microorganism genetically modified for the production of molecule of interest,

00 wherein said microorganism comprises functional genes coding PTS carbohydrate utilization system and wherein the expression of

o proteins regulated the expression of phosphoenolpyruvate synthase (PPS) is down -regulated. The present invention also relates to the
genetically modified microorganism used in the method of the invention.



METHOD FOR THE FERMENTATIVE PRODUCTION OF MOLECULES OF INTEREST BY

MICROORGANISMS COMPRISING GENES CODING SUGAR PHOSPHOTRANSFERASE SYSTEM

(PTS)

FIELD OF THE INVENTION

The present invention relates to a new method for the production of a molecule of

interest by conversion of a source of carbon in a fermentative process comprising culturing

a microorganism genetically modified for the production of said molecule of interest,

wherein said microorganism comprises functional genes coding PTS carbohydrate utilization

system and wherein the expression of proteins regulating the expression of

phosphoenolpyruvate synthase (PPS) is down -regulated. The present invention also relates

t o the genetically modified microorganism used in the method of the invention.

BACKGROUND

In bacteria, external carbohydrate (sugar) is transported into the cell and

phosphorylated by the phosphoenolpyruvate: sugar phosphotransferase system (PTS).

Phosphoenolpyruvate (PEP) is a critical molecule of central metabolism. In many

microorganisms, carbohydrates supporting growth are taken up and simultaneously

phosphorylated by PTS consuming one molecule of PEP per molecule of carbohydrate

(Postma & Roseman 1976). The PTS i s made of two cytoplasmic proteins, Enzyme I (El) and

HPr, and a variable number of membrane protein complexes specific t o the carbohydrate t o

be taken up (Enzymes II, Ell). All together, these El, HPr and Ell proteins act as a phosphoryl

transfer chain between PEP and the carbohydrate, which is phosphorylated as it crosses the

cell membrane:

El + PEP ■= El-P + Pyruvate

El-P + Hpr Hpr-P + El

Hpr-P + Ell Ell-P + Hpr

Ell-P + Carbohydrate (outside) ■= Carbohydrate-P (inside) + Ell

In addition t o its role as a phosphate donor for the PTS, PEP also participates in the

last step of glycolysis generating pyruvate through the pyruvate kinase enzymes (Kornberg

& Malcovati 1973):

PEP + ADP ■= Pyruvate + ATP



Furthermore, PEP connects glycolysis and the citric acid cycle via an anaplerotic

reaction generating oxaloacetate, catalysed by the PEP carboxylase enzyme (Canovas &

Kornberg 1965):

PEP + HC03- ■= Oxaloacetate + Pi

PEP is also a precursor of aromatic amino acids, quinones and C 1 metabolites, through

the chorismate pathway (Pittard & Wallace 1966):

2 PEP + Erythrose-4-phosphate + ATP + NAD(P)+ ■= Chorismate + 4 Pi + ADP + NAD(P)H

+ H+

Several research groups have developed strategies t o increase the availability of PEP

in order t o enhance the production and yield of desired products: inactivation of the PTS

and /or the pyruvate kinase enzymes (Gosset et al. 1996, Meza et al. 2012), inactivation of

the global regulator CsrA (Tatarko & Romeo 2001 ), overexpression of the gluconeogenic

enzymes PEP carboxykinase (Kim et al. 2004) or PEP synthase (Patnaik et al. 1992).

The enzyme PEP synthase (PPS, EC 2.7.9.2) catalyzes the phosphorylation of pyruvate

t o PEP with the hydrolysis of ATP t o AMP (Cooper & Kornberg, 1965):

Pyruvate + ATP + H20 = PEP + AMP + Pi

In many microorganisms, PPS is regulated by a phosphorylation/dephosphorylation

mechanism mediated by the PPS regulatory protein (PRPP) belonging t o the DUF299 family

(Burnell, 2010).

The aim of the study of Burnell is t o characterize the structure and the function of

protein DUF299 and the gene encoding said protein. However, this article does not suggest

the possibility t o regulate the expression of this protein in order t o obtain a specific effect

such as increasing the production of molecules of interest.

SUMMARY OF INVENTION

The Applicant has found surprisingly that the inactivation of the expression of

proteins regulating PPS expression allows the production of molecules of interest which are

usually produced by fermentation process in microorganisms t o be increased.

The finding of the inventors is advantageous since it allows a number of drawbacks

of other prior art methods known for increasing the production of metabolic products, such

as suggested in patent application WO2004033471 , t o be overcome.

Indeed, in order t o increase the production of molecules of interest, it is often

necessary t o improve the carbon source uptake in the producer microorganism by performing

several genetic modifications. However, genes involved in carbon sources uptake and more

particularly in carbohydrates import are engaged in complex system of regulation (Gabor et



a , 201 1; Kotrba et a , 2001 ). Thus, such genetic modifications lead to unpredictable

consequences and strains obtained could be unstable. Moreover, these methods have a high

cost.

Consequently, there is a need to provide new methods allowing producing molecules

of interest at low cost using stable microorganism strains.

According to the present invention, it is possible to increase the production of desired

products by inactivating the PPS regulatory protein (PRPP) only.

With respect to a first aspect, the present invention thus relates to a method for the

production of a molecule of interest by conversion of a source of carbon in a fermentative

process comprising the following steps:

culturing a genetically modified microorganism for the production of the

molecule of interest in an appropriate culture medium comprising a carbohydrate

as a source of carbon; and

recovering the molecule of interest from the culture medium,

wherein said genetically modified microorganism comprises functional genes

coding for a PTS carbohydrate utilization system and

wherein in said genetically modified microorganism the expression of the

bifunctional ADP-dependent kinase-Pi-dependent pyrophosphorylase protein

regulating the expression of the phosphoenolpyruvate synthase (PPS) is

decreased.

The microorganism used in the method of the invention has specific characteristics,

such as having a functional gene coding for a PTS carbohydrate utilization system and a

decreased expression of the bifunctional ADP-dependent kinase-Pi-dependent

pyrophosphorylase protein regulating the expression of the PPS. This microorganism can be

considered as being specific and surprising since it was not obvious to obtain a genetically

modified microorganism wherein the expression of phosphoenolpyruvate synthase (PPS) is

affected without affecting the functionality of the whole cascade of carbohydrates uptake.

With respect to a second aspect, the present invention thus relates to a genetically

modified microorganism for the enhanced production of a molecule of interest from a

carbohydrate as a source of carbon, wherein said genetically modified microorganism

comprises functional genes coding for a PTS carbohydrate utilization system and a decreased

expression of the bifunctional ADP-dependent kinase-Pi-dependent pyrophosphorylase

protein regulating the expression of the PPS.



DETAILED DESCRIPTION OF THE INVENTION

Before describing the present invention in detail, it is t o be understood that this

invention is not limited to particularly exemplified methods and may, of course, vary. It is

also t o be understood that the terminology used herein is for the purpose of describing

particular embodiments of the invention only, and is not intended to be limiting, which will

be limited only by the appended claims.

All publications, patents and patent applications cited herein, whether supra or infra,

are hereby incorporated by reference in their entirety. However, publications mentioned

herein are cited for the purpose of describing and disclosing the protocols, reagents and

vectors which are reported in the publications and which might be used i n connection with

the invention.

Furthermore, the practice of the present invention employs, unless otherwise

indicated, conventional microbiological and molecular biology techniques within the skill of

the art. Such techniques are well-known to the skilled worker, and are explained fully in

the literature.

It must be noted that as used herein and i n the appended claims, the singular forms

"a", "an", and "the" include plural reference unless the context clearly dictates otherwise.

Thus, for example, a reference to "a microorganism" includes a plurality of such

microorganisms, a reference to "an enzyme" is a reference t o one or more enzymes, and so

forth. Unless defined otherwise, all technical and scientific terms used herein have the

same meanings as commonly understood by one of ordinary skill in the art t o which this

invention belongs. Although any materials and methods similar or equivalent to those

described herein can be used t o practice or test the present invention, the preferred

materials and methods are now described.

As used herein, the following terms may be used for interpretation of the claims and

specification.

In the claims which follow and in the preceding description of the invention, except

where the context requires otherwise due to express language or necessary implication, the

word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive sense,

i.e. t o specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.

In the description of the present invention, genes and proteins are identified using

the denominations of the corresponding genes in E. coli. However, and unless specified

otherwise, use of these denominations has a more general meaning according to the



invention and covers all the corresponding genes and proteins in other organisms, more

particularly microorganisms.

PFAM (protein families database of alignments and hidden Markov models) represents

a large collection of protein sequence alignments. Each PFAM makes i t possible t o visualize

multiple alignments, see protein domains, evaluate distribution among organisms, gain

access t o other databases, and visualize known protein structures.

COGs (clusters of orthologous groups of proteins) are obtained by comparing protein

sequences from 66 fully sequenced genomes representing 38 major phylogenetic lines. Each

COG is defined from at least three lines, which permits the identification of former

conserved domains.

The means of identifying homologous sequences and their percent homologies are

well-known t o those skilled in the art, and include, in particular, the BLAST programs

(Altschul et al, 1990). The sequences obtained can then be exploited (e.g., aligned) using,

for example, the programs CLUSTALW or MULTALIN.

Using the references given on GenBank for known genes, those skilled in the art are

able t o determine the equivalent genes in other organisms, bacterial strains, yeasts, fungi,

mammals, plants, etc. This routine work is advantageously done using consensus sequences

that can be determined by carrying out sequence alignments with genes derived from other

microorganisms, and designing degenerate probes t o clone the corresponding gene in

another organism. These routine methods of molecular biology are well known t o those

skilled in the art, and are claimed, for example, in Sambrook et al. (2001 ).

As described above, the method of the present invention allows the production of a

molecule of interest by conversion of a source of carbon in a fermentative process including

the steps of:

- culturing a genetically modified microorganism for the production of the

molecule of interest in an appropriate culture medium comprising a carbohydrate

as source of carbon and

recovering the molecule of interest from the culture medium,

said genetically modified microorganism comprising functional genes coding for

a PTS carbohydrate utilization system and a decreased expression of the

Afunctional ADP-dependent kinase-Pi-dependent pyrophosphorylase protein

regulating the expression of the phosphoenolpyruvate synthase (PPS).

The terms "fermentative process," "fermentation," or "culture" are used herein

interchangeably t o denote the growth of a microorganism. The fermentation is generally

conducted in fermenters with an inorganic culture medium of a known, defined composition



adapted to the microorganism being used, containing at least one simple carbon source, and

if necessary a co-substrate necessary for the production of the metabolite. In particular,

the inorganic cultu re medium for E. coli can be of identical or similar composition to an M9

medium (Anderson, 1946), an M63 medium (Miller, 1992) or a medium such as defined by

Schaefer et al. ( 1999).

In the context of the present invention, by "fermentative conversion, " it is meant

that the conversion of the carbon source into the molecule of interest occurs when the

microorganism is cultured under appropriate fermentation conditions.

A "culture medium" means herein a medium (e. g. , a sterile, liquid media) comprising

nutrients essential or beneficial to the maintenance and /or growth of the microorganism

such as carbon sources or carbon substrates; nitrogen sources, for example peptone, yeast

extracts, meat extracts, malt extracts, urea, ammonium sulfate, ammonium chloride,

ammonium nitrate and ammonium phosphate; phosphorus sources, for example

monopotassium phosphate or dipotassium phosphate; trace elements (e.g. , metal salts) for

example magnesium salts, cobalt salts and /or manganese salts; as well as growth factors

such as amino acids and vitamins.

The term "source of carbon, " "carbon source, " or "carbon substrate" according to

the present invention refers to any molecule that a microorganism is capable of metabolizing

and which contains at least one carbon atom. Examples of preferred carbon sou rces

according to the invention include, without limitation, carbohyd rates.

In a preferred embodiment of the invention, the carbon source is derived from

renewable feed -stock. Renewable feed -stock is defined as raw material required for certain

industrial processes that can be regenerated within a brief delay and in sufficient amount

to permit its transformation into the desired product. Vegetal biomass pre-treated or not,

is a particularly preferred renewable carbon source.

The term "carbohydrate" refers herein to any carbon source capable of being

metabolized by a microorganism and containing at least one carbon atom, two atoms of

hydrogen and one atom of oxygen. The carbohyd rate of the invention is preferably selected

from glucose, fructose, sucrose, mannose, chitobiose, cellobiose, trehalose, galactitol,

mannitol, sorbitol, galactosamine, N-acetyl- D-galactosamine, N-acetylglucosamine, N-

acetylmuramic acid, lactose, galactose, sorbose, maltose, N, N'-diacetylchitobiose,

ascorbate, β-glucoside. In a more preferred embodiment of the invention, the source of

carbon is selected from glucose, fructose, mannose, cellobiose, sucrose, and any

combination thereof.

The person skilled in the art can easily determine the culture conditions necessary

for growing the microorganisms in the method according to the invention. In particular, it is



well-known that bacteria can be fermented at a temperature comprised between 20° C and

55° C, preferentially between 25° C and 40° C. E. coli can more particularly be cultured at a

temperature comprised between about 30° C and about 37° C.

This culturing process can be performed either in a batch process, in a fed-batch

process or in a continuous process, and under aerobic, micro-aerobic or anaerobic

conditions.

According to a particular embodiment of the method of the invention, the functional

genes coding for a PTS carbohydrate utilization system are heterologous (recombinant

microorganism) or native to the genetically modified microorganism (wild-type

microorganism).

By "gene", it is meant herein a nucleic acid molecule or polynucleotide that codes

for a particular protein (i.e. polypeptide), or in certain cases, for a functional or structural

RNA molecule. In the context of the present invention, the genes referred to herein encode

proteins, such as enzymes, efflux systems or uptake transporters. Genes according to the

invention are either endogenous genes or exogenous genes.

The term "recombinant microorganism" or "genetically modified microorganism" as

used herein, refers to a bacterium, yeast, or a fungus that is not found in nature and is

genetically different from equivalent microorganisms found in nature. According to the

invention, the term "modifications" designate any genetic change introduced or induced in

the microorganism. The microorganism may be modified through either the introduction of

new genetic elements, the increase or the attenuation of the expression of endogenous or

exogenous genes or the deletion of endogenous genetic elements. Further, a microorganism

may be modified by forcing the development and evolution of new metabolic pathways by

combining directed mutagenesis and evolution under specific selection pressure (see, for

example, WO 2004076659).

In the context of the present invention, the term "exogenous gene" (or alternatively,

"heterologous gene" or "transgene") refers to a gene not naturally occurring in the

microorganism. It may be artificial or it may originate from another microorganism.

It shall be further understood that, in the context of the present invention, should

an exogenous gene encoding a protein of interest be expressed in a specific microorganism,

a synthetic version of this gene is preferably constructed by replacing non-preferred codons

or less preferred codons with preferred codons of said microorganism which encode the same

amino acid. It is indeed well-known in the art that codon usage varies between

microorganism species, which may impact the recombinant expression level of the protein

of interest. To overcome this issue, codon optimization methods have been developed, and

are extensively described in Graf et al. (2000), Demi et al. (2001 ) or Davis & Olsen (201 1).



Several softwares have been developed for codon optimization determination such as the

GeneOptimizer® software (Lifetechnologies) or the OptimumGene™ software (GenScript).

In other words, the exogenous gene encoding a protein of interest is preferably codon-

optimized for expression in a specific microorganism.

According t o another embodiment of the method of the present invention, the

genetically modified microorganism comprises a native gene coding for the Afunctional ADP-

dependent kinase-Pi-dependent pyrophosphorylase protein regulating the expression of the

phosphoenolpyruvate synthase (PPS) whose expression is attenuated or deleted. In other

worlds, in said genetically modified microorganism, expression of the native gene coding for

the Afunctional ADP-dependent kinase-Pi-dependent pyrophosphorylase protein is

attenuated or deleted compared t o the microorganism unmodified. Preferably in the

microorganism of the invention, the native gene coding for the Afunctional ADP-dependent

kinase-Pi-dependent pyrophosphorylase protein is deleted.

By "native gene" or "endogenous gene" it is meant herein that said gene is naturally

present in the microorganism.

In the context of the present invention, should the microorganism be genetically

modified t o "modulate" the expression level of one or more endogenous genes, it is meant

herein that the expression level of said gene is up-regulated, downregulated (i.e.

attenuated), or even completely abolished by comparison t o its natural expression level.

Such modulation can therefore theoretically result in an enhancement of the activity of the

gene product, or alternatively, in a lower or null activity of the endogenous gene product.

Endogenous gene activity and/or expression level can also be modified by introducing

mutations into their coding sequence t o modify the gene product. A deletion of an

endogenous gene can also be performed t o totally inhibit its expression within the

microorganism. Another way t o modulate the expression of an endogenous gene is t o

exchange its promoter (i.e. wild type promoter) with a stronger or weaker promoter t o up-

or down-regulate the expression level of this gene. Promoters suitable for such a purpose

can be homologous or heterologous and are well-known in the art. It is within the skill of the

person in the art t o select appropriate promoters for modulating the expression of an

endogenous gene.

According t o another embodiment of the present invention, the microorganism is

selected from microorganisms expressing a functional PTS sugar system. Preferentially, the

microorganism is selected from the group comprising Enterobacteriaceae, Clostridiaceae,

Bacillaceae, Streptomycetaceae, Deinococcaceae, Nitrosomonadaceae, Vibrionaceae,

Pseudomonadaceae, Corynebacteriaceae, Saccharomyceteceae and yeasts. More

preferentially, the microorganism is a species of Citrobacter, Corynebacterium,



Deinococcus, Escherichia, Pantoea, Klebsiella, Nitrosomonas, Photorhabdus,

Photobacterium, Pseudomonas, Salmonella, Serratia, Shigella and Yersinia. Even more

preferentially, the microorganism is selected from Escherichia coli, Klebsiella pneumoniae,

Klebisella oxytoca, Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonalla

typhimurium, Salmonella enterica, Serratia marcescens, Pantoea ananatis,

Corynebacterium glutamicum, Deinococcus radiodurans, Thermoanaerobacterium

thermosaccharolyticum, Clostridium sphenoides, and Saccharomyces cerevisiae.

In particular, the examples show modified E. coli strains, but these modifications can

easily be performed on other microorganisms of the same family.

E. coli belongs t o the Enterobacteriaceae family which comprises members that are

gram-negative, rod-shaped, non-spore forming and are typically 1-5 µ η in length. Most

members use flagella t o move about, but a few genera are non-motile. Many members of

this family are a normal part of the gut flora found in the intestines of humans and other

animals, while others are found in water or soil, or are parasites of a variety of different

animals and plants, E. coli is one of the most important model organisms, but other

important members of the Enterobacteriaceae family include Klebsiella, in particular

Klebsiella pneumoniae, and Salmonella.

According t o another embodiment of the method of the present invention, the gene

ppsR of SEQ ID NO:1 coding for the bifunctional ADP-dependent kinase-Pi-dependent

pyrophosphorylase DUF299 protein of SEQ ID NO:2 is deleted (which can be referred t o as

"AppsR").

The term "deleted", as used herein, refers t o the complete suppression of the

expression of a gene. This suppression of expression can be either an inhibition of the

expression of the gene, a deletion of all or part of the promoter region necessary for

expression of the gene, or a deletion in the coding region of the gene. The deleted gene can

be replaced by a selection marker gene that facilitates the identification, isolation and

purification of the strains according t o the invention. For example, suppression of gene

expression may be achieved by the technique of homologous recombination (Datsenko &

Wanner, 2000).

In another embodiment, the gene ppsR coding for the bifunctional ADP-dependent

kinase-Pi-dependent pyrophosphorylase DUF299 protein may be attenuated.

The term "attenuated", as used herein, refers t o the partial suppression of the

expression of a gene. This attenuation of expression can be either the exchange of the wild-

type promoter for a weaker natural or synthetic promoter or the use of an agent reducing

ppsR gene expression, including antisense RNA or interfering RNA (iRNA), and more

particularly small interfering RNAs (siRNAs) or short hairpin RNAS (shRNAs). For example,



promoter exchange may be achieved by the technique of homologous recombination

(Datsenko & Wanner, 2000).

Any other methods known to those skilled in the art suitable for the inhibition of the

expression or the function of a protein, and especially of this protein, may be used.

The method of the present invention may be used for producing various molecules of

interest in high quantity. Thus, the method of the invention allows the production of

molecules selected from alcohols, hydrocarbons, carboxylic acids, biofuels, solvents and

amino acids to be increased.

Particularly, the method of the invention allows the production of molecules of

interest selected from ethanol, ethylene, ethylene glycol, glycolic acid, propylene, acrylic

acid, isopropanol, lactic acid, 1,3-propanediol, 1,2-propanediol, prenol, isobutene,

butadiene, butanediol, butanol, isobutanol, methyl ethyl ketone, succinic acid, glutamic

acid, isoprene, adipic acid, muconic acid, lysine, dodecanedioic acid, farnesene, and 2,4-

dihydroxybutyric acid to be increased.

More particularly, the method of the invention allows the production of molecules of

interest selected from glycolic acid, 1,2-propanediol, and 1,3-propanediol t o be improved.

The term 'improving 1,2-propanediol production' refers to an increased productivity

of 1,2-propanediol and/or an increased titer of 1,2-propanediol and/or an increased 1,2-

propanediol/carbon source yield and/or an increased purity of 1,2-propanediol in

comparison t o the microorganism prior t o the deletion or the attenuation of ppsR gene. The

production of 1,2-propanediol by the microorganism in the culture broth can be recorded

unambiguously by standard analytical means known by those skilled in the art and in

particular with HPLC. Some examples of genetically modified microorganisms with increased

1,2-propanediol production are disclosed in the WO201 5 173247 and WO201 2 172050 patent

applications, the US6087140 patent, and in Altaras & Cameron (1999) for E. coli strains and

in Joon-Young et a (2008) for yeast strains. All of these disclosures are herein incorporated

by reference.

Preferably, the microorganism producing 1,2-propanediol of the invention is an

Escherichia coli strain and comprises at least:

- the overexpression of the mgsA or mgsA* gene of SE ID NO: 3 or 5 and /or a gene

chosen among the genes yqhD or yafB or yahK of SEQ ID NO: 7, 9 or 11 and/or adh gene

from Clostridium beijerinckii of SEQ ID NO: 13 and/or gldA gene of SEQ ID NO: 15

the deletion of at least one gene selected from the genes gloA of SEQ ID NO: 17, pflAB

of SEQ ID NO: 19 and 2 1 , adhE of SEQ ID NO:23, IdhA of SEQ ID NO:25, aldA and aldB of

SEQ ID NO:27 and 29, edd of SEQ ID NO:31 , arcA of SEQ ID NO:33, ndh of SEQ ID NO:35

and frdABCD of SEQ ID NO: 37, 39,41 ,43.



The term "improved glycolic acid production" refers t o an increased productivity of

glycolic acid and /or an increased titer of glycolic acid and /or an increased glycolic acid

/carbon source yield and /or an increased purity of glycolic acid compared t o its parent

strain, i.e. the microorganism prior t o the deletion or the attenuation of ppsR gene. The

production of glycolic acid by the microorganism in the culture broth can be recorded

unambiguously by standard analytical means known by those skilled in the art and in

particular with HPLC. Some genetically modified microorganisms with increased glycolic acid

production are disclosed in patent applications WO201 162063 and WO201 3050659 for yeast

strains producing glycolic acid and in WO 201 2025780 and WO 201 1157728 for E. coli strains

producing glycolic acid . All of these disclosures are herein incorporated by reference.

Preferably, the microorganism producing glycolic acid of the invention is an Escherichia

coli strain and comprises at least:

- attenuation of the expression of at least one gene selected from genes aceB of SEQ

ID NO:45, glcB of SEQ ID NO:47, gel of SEQ ID NO:49, eda of SEQ ID NO: 5 1 , glcDEFG

of SEQ ID NO: 53-55-57-59 respectively, aldA of SEQ ID NO:27, icd of SEQ ID NO: 6 1 ,

aceK of SEQ ID NO: 63, pta of SEQ ID NO: 65, ackA of SEQ ID NO: 67, poxB of SEQ ID

NO: 69, iclR of SEQ ID NO: 7 1 or fadR of SEQ ID NO: 73, pgi of SEQ ID NO: 75, udhA of

SEQ ID NO: 77, edd of SEQ ID NO: 3 1 , IdhA of SEQ ID NO:25, mgsA of SEQ ID NO: 3, arcA

of SEQ ID NO: 33, glcA of SEQ ID NO: 79, dP of SEQ ID NO: 8 1 and yjcG of SEQ ID NO: 83

and /or

- overexpression of aceA of SEQ ID NO: 85 and/or ycdW of SEQ ID NO: 87.

The term "improved 1,3-propanediol production" refers t o an increased productivity

of 1,3-propanediol and /or an increased titer of 1,3-propanediol and /or an increased 1,3-

propanediol/carbon source yield and/or an increased purity of 1,3-propanediol compared t o

its parent strain, i.e. the microorganism prior to the deletion or the attenuation of ppsR

gene. The production of 1,3-propanediol by the microorganism in the culture broth can be

recorded unambiguously by standard analytical means known by those skilled in the art and

in particu lar with GC-MS. Some genetically modified microorganisms with increased 1,3-

propanediol production are disclosed in patent applications WO2008052595, WO201 0 128070

and WO201 2062832 for Clostridium strains producing 1,3-propanediol and in WO2004033646,

WO201 0076324, WO201 2004247 and WO201 6050959 for E. coli strains producing 1,3-

propanediol. All of these disclosures are herein incorporated by reference.

Preferably, the microorganism producing 1,3-propanediol of the invention is an

Escherichia coli strain and comprises at least:

- overexpression of at least one gene selected from of yciK of SEQ ID NO: 89, btuR of

SEQ ID NO:91 , ppc of SEQ ID NO:93, galP of SEQ ID NO:95, glk of SEQ ID NO:97, dhaB1



from Klebsiella pneumoniae of SEQ ID NO:99, dhaB2 from Klebsiella pneumoniae of

SEQ ID NO:101 , dhaB3 from Klebsiella pneumoniae of SEQ ID NO:103, dhaB4 from

Klebsiella pneumoniae of SEQ ID NO: 105, orfX from Klebsiella pneumoniae of SEQ ID

NO: 107, DAR1 from Saccharomyces cerevisiae of SEQ ID NO: 109, GPP2 from

Saccharomyces cerevisiae of SEQ ID NO:1 11 and/or

attenuation of the expression of at least one gene selected from gapA of SEQ ID

NO:1 13, yqhC of SEQ ID NO:1 15, glpK of SEQ ID NO:1 17, gldA of SEQ ID NO:1 5, mgsA

of SEQ ID NO:03, ack of SEQ ID NO:67, pta of SEQ ID NO:65, arcA of SEQ ID

NO:33, edd of SEQ ID NO:31 , ptsH of SEQ ID NO: 119, ptsl of SEQ ID NO: 121 , err

of SEQ ID NO:123 and ndh of SEQ ID NO:35.

Table 1: Enzymes and genes according to the invention (n/a: not available)

Gene
Micro¬ Gene Enzyme Protein

RefSeq or
Name organism Enzyme Function SEQ ID Uniprot SEQ ID

GenBank
of origin NO : reference NO :

reference
bif unctional ADP-

Escherichia dependent kinase-Pi-
PpsR NP_41 621 8.1 1 P0A8A4 2

coli dependent

pyrophosphorylase

Escherichia methylglyoxal
MgsA NP_41 5483.2 3 P0A731 4

coli synthase

MgsA*
n/a n/a n/a 5 n/a 6

(H21 Q)

Escherichia alcohol dehydro¬
YqhD NP_41 7484. 1 7 Q46856 8

coli genase

Escherichia 2,5-diketo-D-gluconic
YafB NP_41 4743. 1 9 P30863 10

coli acid reductase B

Escherichia
YahK aldehyde reductase NP_41 4859. 1 11 P75691 12

coli

NADP-dependent
Clostridium GenBank:

Adh isopropanol 13 P25984 14
beijerinckii AF1 57307.2

dehydrogenase

Escherichia glycerol
GldA NP_41 8380.4 15 P0A9S5 16

coli dehydrogenase

Escherichia lactoyl
GloA NP_41 6 168. 1 17 P0AC81 18

coli glutathione lyase

pyruvate formate
Escherichia

PflA lyase activating NP_41 5422. 1 19 P0A9N4 20
coli

enzyme

Escherichia pyruvate formate
PflB NP_41 5423. 1 2 1 P09373 22

coli lyase

Escherichia aldehyde-alcohol
AdhE NP_41 5757. 1 23 P0A9Q7 24

coli dehydrogenase



Escherichia D-lactate
LdhA NP_41 5898. 1 25 P52643 26

coli dehydrogenase

Escherichia lactaldehyde
AldA NP_41 5933. 1 27 P25553 28

coli dehydrogenase A

Escherichia aldehyde
AldB NP_41 8045.4 29 P37685 30

coli dehydrogenase B

phosphopho

Escherichia gluconate
Edd NP_41 6365. 1 3 1 P0ADF6 32

coli dehydratase

Escherichia transcriptional dual
ArcA NP_41 881 8.1 33 P0A9Q1 34

coli regulator

Escherichia
Ndh NADH dehydrogenase NP_41 5627. 1 35 P00393 36

coli
Escherichia Fumarate reductase

FrdA NP_41 8578. 1 37 P00363 38
coli flavoprotein subunit

Escherichia Fumarate reductase
FrdB NP_41 8577. 1 39 P0AC47 40

coli iron-sulfur subunit

Escherichia Fumarate reductase
FrdC NP_41 8576. 1 4 1 P0A8Q0 42

coli subunit C

Escherichia Fumarate reductase
FrdD NP_41 8575. 1 43 P0A8Q3 44

coli subunit D

Escherichia
AceB malate synthase NP 4 18438. 1 45 P08997 46

coli
Escherichia

GlcB malate synthase NP 4 17450. 1 47 P37330 48
coli

Escherichia glyoxylate
Gel NP 4 15040. 1 49 P0AEP7 50

coli carboligase

-keto-3-
Escherichia

Eda deoxygluconate 6- NP 4 16364. 1 5 1 P0A955 52
coli

phosphate aldolase

Escherichia Glycolate oxidase
GlcD NP 4 17453. 1 53 P0AEP9 54

coli subunit

Escherichia Glycolate oxidase
GlcE YP 0261 9 1 .1 55 P52073 56

coli subunit

Glycolate oxidase
Escherichia

GlcF 4Fe-4S iron-sulfur YP 0261 90. 1 57 P52074 58
coli

cluster subunit

Escherichia DUF336 family
GlcG NP 4 17451 .1 59 P0AEQ1 60

coli protein

Escherichia isocitrate
led NP 4 15654. 1 6 1 P08200 62

coli dehydrogenase

isocitrate
Escherichia

AceK dehydrogenase NP 4 18440. 1 63 P 1 1071 64
coli

kinase/phosphatase

Escherichia Phosphate
Pta NP 4 16800. 1 65 P0A9M8 66

coli acetyltransferase

Escherichia acetate kinase
AckA NP 4 16799. 1 67 P0A6A3 68

coli activity



Escherichia
ΡοχΒ Pyruvate oxidase NP 4 15392. 1 69 P07003 70

coli
Escherichia glyoxylate pathway

IclR NP 4 18442.2 7 1 P 16528 72
coli repressors

Escherichia glyoxylate pathway
FadR NP 4 15705. 1 73 P0A8V6 74

coli repressors

Escherichia phosphoglucose
Pgi NP_41 8449. 1 75 P0A6T1 76

coli isomerase

pyridine nucleotide
Escherichia

UdhA transhydrogenase, NP_41 6 120. 1 77 P07001 78
coli

soluble

Escherichia
GlcA glycolate transporter NP 4 17449. 1 79 Q46839 80

coli
probable

Escherichia
LldP lactate/ proton NP 4 18060. 1 8 1 P33231 82

coli
symporter

Escherichia acetate/glycolate
YjcG NP 4 18491 . 1 83 P32705 84

coli permease

Escherichia
AceA isocitrate lyase NP 4 18439. 1 85 P0A9G6 86

coli
Escherichia NADPH-glyoxylate

YcdW NP 4 15551 .2 87 P7591 3 88
coli reductase

Escherichia Uncharacterized
YciK NP_41 5787. 1 89 P31 808 90

coli oxidoreductase

Escherichia Cob(l )alamin
BtuR NP_41 5786. 1 9 1 P0A9H5 92

coli adenosyltransferase

Escherichia Phosphoenolpyruvate
Ppc NP_41 8391 . 1 93 P00864 94

coli carboxylase

Escherichia Galactose-proton
GalP NP_41 741 8.1 95 P0AEP1 96

coli symporter

Escherichia
G K Glucokinase NP_41 6889. 1 97 P0A6V8 98

coli
Klebsiella Glycerol dehydratase

DhaB1 WP_0029 17676. 1 99 Q59476 100
pneumoniae large subunit

Klebsiella Glycerol dehydratase
DhaB2 WP_0029 17672. 1 10 1 A8CIV5 102

pneumoniae medium subunit

Klebsiella Glycerol dehydratase
DhaB3 WP_00291 7670. 1 103 Q59475 104

pneumoniae small subunit

Glycerol dehydratase
Klebsiella

DhaB4 reactivation factor WP_02 1440745. 1 105 Q59474 106
pneumoniae

large subunit

Klebsiella
OrfX OrfX AF282595 107 Q7BK08 108

pneumoniae
Saccharomy

Glycerol-3-phosphate
DAR1 ces NP_01 0262. 1 109 Q00055 110

dehydrogenase
cerevisiae

Saccharomy
Glycerol-1 -phosphate

GPP2 ces NP_01 0984.3 111 P401 06 112
phosphohydrolase

cerevisiae



Glyceraldehyde-3-
Escherichia

GapA phosphate NP_41 6293. 1 113 P0A9B2 114
coli

dehydrogenase A
Uncharacterized

Escherichia HTH-type
YqhC NP_41 7483.2 115 Q46855 116

coli transcriptional
regulator YqhC

Escherichia
GlpK Glycerol kinase NP_41 8361 .1 117 P0A6F3 118

coli
Escherichia Phosphocarrier

PtsH NP_41 691 0.1 119 P0AA04 120
coli protein HPr

Phosphoenolpyruvate-
Escherichia

Ptsl protein NP_41 691 1.1 12 1 P08839 122
coli

phosphotransferase
Glucose-specific

Escherichia phosphotransferase
err NP_41 691 2.1 123 P69783 124

coli enzyme MA

component

As discussed above, sugar is transported into bacterial cells and phosphorylated by

the phosphoenolpyruvate: sugar phosphotransferase system (PTS)). Phosphorylated sugar

and particularly, phosphorylated glucose is toxic t o cells in high concentrations and as a

result the PTS system is highly regulated . This, coupled with the fact that the system is

complex, makes manipulation of the system very difficult. However, as described below, the

inventors have surprisingly produced a genetically modified microorganism comprising

functional genes coding for a PTS carbohydrate utilization system while lacking at least one

protein regulating PPS expression.

In a second aspect, the present invention thus relates t o a genetically modified

microorganism for the enhanced production of a molecu le of interest from a carbohyd rate

as source of carbon, said genetically modified microorganism comprising functional genes

coding for the PTS carbohyd rate utilization system and a decreased expression of the

Afunctional ADP-dependent kinase- Pi-dependent pyrophosphorylase protein regulating the

expression of the Phosphenolpyruvate synthase (PPS).

This genetically modified microorganism has the same genetic characteristics as

those used in the method of the present invention. Particularly, in this microorganism, the

gene ppsR coding for the Afunctional ADP-dependent kinase- Pi-dependent

pyrophosphorylase DUF229 is deleted or attenuated . More preferentially the gene ppsR is

deleted in the microorganism of the invention.

Consequently, i t may be used i n the fermentative method according t o the invention

for increasing the production of a molecule of interest, for instance a molecule selected

from ethanol, ethylene, ethylene glycol, glycolic acid , propylene, acrylic acid , isopropanol,



lactic acid, 1,3-propanediol, 1,2-propanediol, prenol, isobutene, butadiene, butanediol,

butanol, isobutanol, methyl ethyl ketone, succinic acid, glutamic acid, isoprene, adipic acid,

muconic acid, lysine, dodecanedioic acid, farnesene, and 2,4-dihydroxybutyric acid.

Preferably, said microorganism may be used in the fermentative method according

t o the invention for increasing production of at least one of compound selected from 1,3-

propanediol, 1,2-propanediol, and glycolic acid.

EXAMPLES

EXAMPLE : Methods for strain construction

In the examples given below, methods well known in the art were used t o construct

E. coli strains containing replicating vectors and/or various chromosomal deletions, and

substitutions using homologous recombination well described by Datsenko & Wanner, (2000)

for E. coli. In the same manner, the use of plasmids or vectors t o express or overexpress one

or several genes in a recombinant microorganism are well-known by the man skilled in the

art. Examples of suitable E. coli expression vectors include pTrc, pACYCI 84n pBR322, pUC1 8,

pUC19, pKC30, pRep4, pHS1 , pHS2, pPLc236, etc...

Several protocols have been used in the following examples. Protocol 1 (chromosomal

modifications by homologous recombination, selection of recombinants), protocol 2

(transduction of phage P 1 ) and protocol 3 (antibiotic cassette excision, the resistance genes

were removed when necessary) used in this invention have been fully described in patent

application EP 2532751 . The antibiotic resistant cassette can be amplified on pKD3, pKD4,

pKD1 3 or any other plasmid containing another antibiotic resistant gene surrounded by FRT

sites. Chromosomal modifications were verified by PCR analysis with appropriate

oligonucleotides that the person skilled in the art is able t o design.

EXAMPLE 2: Construction of strains 1 to 6

Construction of strain 1

To express the those phosphate isomerase encoded by the tpiA gene and t o regulate

the expression of the glyceraldehyde phosphate dehydrogenase encoded by the gapA gene,

the homologous recombination strategy was used (according t o Protocols 1 and 3). The tpiA

gene was introduced as described in example 3 of patent application WO20081 16852 into

the evolved strain MG1655 Ipd* DtpiA DpflAB DadhE DldhA D oA DaldA DaldB Dedd DarcA



Dndh DfrdABCD described in example 2 of patent application WO201 5 173247. Then, the

genomic modification t o regulate the gapA expression "CI857-PR01 I RBS -ξαρΑ " was

introduced as described in patent EP2532751 into the previous strain. The gldA*(A1 0 ) gene

was cloned into the pME101VB06 plasmid as described in patent application EP2532751 . This

plasmid was named pPG0078. To allow the growth of Escherichia coli on sucrose, the genes

scrK, scrYAB and scrR from the plasmid pUR400 (Schmid et al., 1982) were cloned under

their natural promoters on the plasmid pBBR1MCS3. This plasmid was named pPG0231 .

Finally, plasmids pPG0078 and pPG0231 were transformed into the previous strain,

giving rise t o strain 1.

Construction of strain 2

To inactivate the gldA gene, the homologous recombination strategy was used

(according t o Protocol 1). Oligonucleotides for DgldA: SE ID N° 125 and 126, were used t o

amplify the resistance cassette by PCR. The strain retained was designated MG1655

DgldAr.Cm. The DgldAr.Cm deletion was transferred by P 1 phage transduction (according t o

Protocol 2) into the evolved strain MG1 655 Ipd* DtpiA DpflAB DadhE DldhA DgloA DaldA DaldB

Dedd DarcA Dndh DfrdABCD. The adh gene from Clostridium beijerinckii (Hanai et al., 2007)

was cloned into the pME101VB01 plasmid described in patent application WO2008/1 16853.

This plasmid was named pPG0468.

Finally, plasmids pPG0231 and pPG0468 were transformed into the previous strain,

giving rise t o strain 2.

Construction of strain 3

To inactivate the ptsHI+crr operon, the homologous recombination strategy was used

(according t o Protocol 1). Oligonucleotides for DptsHlcrr: SEQ ID N° 127 and 128, were used

t o PCR amplify the resistance cassette. The strain retained was designated MG1655

DptsHI+crrr.Km. The DptsHI+crrr.Km deletion was transferred by P 1 phage transduction

(according t o Protocol 2) into strain 2, giving rise t o strain 3.

Construction of strains 4 and 5

Table 2 below indicates the references of the patent applications describing full

protocols for constructing strains 4 and 5.



Table 2: Construction of strains 4 and 5

Construction of strain 6

To reconstruct the ptsHI+crr operon, the Km resistance cassette was introduced

downstream of the operon using the homologous recombination strategy (according t o

Protocol 1). Oligonucleotides for ptsHlcrr: SEQ ID N° 129 and 130, were used t o PCR amplify

the resistance cassette. The strain retained was designated MG1655 ptsHI+crrr.Km. The

ptsHI+crrr.Km modification was transferred by P 1 phage transduction (according t o Protocol

2) into strain 5, giving rise t o strain 6.

EXAMPLE 3: Construction of strains 7 to 12

To inactivate the PEP synthase regulatory protein PSRP encoded by the ppsR gene,

the homologous recombination strategy was used (according t o Protocols 1 and 3).

Oligonucleotides for DppsR: SEQ ID N° 13 1 and 132, were used t o PCR amplify the resistance

cassettes. The strains retained were designated MG1655 DppsRr.Km o MG1 655 DppsRr.Gt.

Finally, the DppsRr.Km or MG1655 DppsRr.Gt deletion was transferred by P 1 phage

transduction (according t o Protocol 2) into the strains given in example 2.

Table 3: Construction of strains 7 t o 12

DppsRr.Km deletion was giving rise to

transferred into

Strain 1 Strain 7

Strain 2 Strain 8

Strain 3 Strain 9

Strain 4 Strain 10

Strain 5 Strain 11

Strain 6 Strain 12



Construction of strain 13

To overexpress the phosphoenolpyruvate synthase from Escherichia coli, the pJB1 37-

PgapA-ppsA plasmid described in patent application WO20081 16853 was transformed into

the strain 1, giving rise t o strain 13.

EXAMPLE 4 : Shake flask cultures and yields

1,2-propanediol production strains were cultivated in flask cultures as described in

patent application EP 2532751 , except that either sucrose or glucose or mannose or maltose

were used as sugars, as well as 40 g/L MOPS. When necessary 100 µΜ IPTG were added t o

the medium. Residual sugars as well as produced 1,2-propanediol (PG) and hydroxacetone

(HA) were quantified by HPLC with refractometric detection.

Methods for shake flasks cultures and glycolic acid (AG) quantification were as

described in WO201 0 108909.

Methods for shake flask cultures and 1,3-propanediol (PDO) quantification were as

described in WO2004033646.

For all the cultures, when it was necessary, antibiotics were added at a concentration

of 50 mg. 1 for kanamycin and spectinomycin, at a concentration of 30 mg.L 1 for

chloramphenicol and at a concentration of 10 mg.L 1 for gentamycin.

Table 4: Yields (g product / g consumed sugar) of the strains described above

= : no difference with control strain, + : yield higher than control strain ( 1 10%-120%),

++ : yield higher than control strain (120%-1 50%), +++ : yield higher than control strain

(>1 50¾)



Yield
Strain Control strain Culture conditions Product (g product / g

consumed sugar)

7 1 Sucrose 37° C PG + HA ++

7 1 Sucrose 30° C PG + HA +

7 1 Glucose 37° C PG + HA +++

7 1 Glucose 30° C PG + HA ++

7 1 Mannose 37° C PG + HA +++

7 1 Maltose 37° C PG + HA =

13 1 Sucrose 37° C PG + HA =

8 2 Sucrose 37° C PG + HA +

9 3 Sucrose 37° C PG + HA =

10 4 Glucose 37° C AG +++

11 5 Glucose 37° C PDO =

12 6 Glucose 37° C PDO +++

Strain 7 had better yield than strain 1 in all conditions except with maltose which is

not transported by a PTS system. Strain 13 was not different from strain 1 indicating that

overexpressing pps is not efficient if ppsR is still expressed. Strains 10 and 12 had better

yields than corresponding control strains 4, and 6. Strain 11 was not different from strain 5,

compliant with the non- PTS transport system for glucose in this strain.

CONCLUSION

As demonstrated by the above examples, the deletion of ppsR coding for the

bifunctional ADP-dependent kinase- Pi-dependent pyrophosphorylase DUF299 protein allows

the production of1 ,2-propanediol, 1, 3-propanediol and glycolic acid in microorganisms using

the PTS system for sugar transport t o be increased .
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CLAIMS

1) A method for the production of a molecule of interest by conversion of a source of

carbon in a fermentative process comprising the following steps:

culturing a microorganism genetically modified for the production of the molecule of

interest in an appropriate culture medium comprising a carbohydrate as source of

carbon and

recovering the molecule of interest from the culture medium,

wherein said genetically modified microorganism comprises functional genes coding for

a PTS carbohydrate utilization system and

wherein in said genetically modified microorganism the expression of the Afunctional

ADP-dependent kinase-Pi-dependent pyrophosphorylase protein regulating the

expression of the phosphoenolpyruvate synthase (PPS) is decreased.

2) The method of claim 1, wherein the functional genes coding for a PTS carbohydrate

utilization system are heterologous t o the genetically modified microorganism.

3) The method of claim 1, wherein the functional genes coding for a PTS carbohydrate

utilization system are native t o the genetically modified microorganism.

4) The method of one of claims 1 t o 3, wherein the native gene coding for the Afunctional

ADP-dependent kinase-Pi-dependent pyrophosphorylase protein regulating the

expression of the phosphoenolpyruvate synthase (PPS) is attenuated or deleted in said

genetically modified microorganism.

5) The method of one of claims 1 t o 4, wherein the microorganism is selected among the

group consisting of Enterobacteriaceae, Bacillaceae, Clostridiaceae,

Streptomycetaceae, Corynebacteriaceae, Saccharomyceteceae and yeasts.

6) The method of claim 5, wherein the microorganism is selected among the group

consisting of Escherichia coli, Klebsiella pneumoniae, Thermoanaerobacterium

thermosaccharolyticum, Clostridium sphenoides or Saccharomyces cerevisiae.

7) The method of one of claims 1 t o 6, wherein the microorganism is E. coli.

8) The method of claim 7, wherein the gene ppsR coding for the Afunctional ADP-

dependent kinase-Pi-dependent pyrophosphorylase DUF299 protein is attenuated or

deleted.

9) The method of one of claims 1 t o 8, wherein the microorganism is genetically modified

for an enhanced production of the molecule of interest.

10) The method of one of claims 1 t o 9, wherein the molecule of interest is selected among

alcohols, hydrocarbons, carboxylic acids, biofuels, solvents and amino acids.



11) The method of claim 10, wherein the molecule of interest is selected from ethanol,

ethylene, ethylene glycol, glycolic acid, propylene, acrylic acid, isopropanol, lactic

acid, 1,3-propanediol, 1,2-propanediol, prenol, isobutene, butadiene, butanediol,

butanol, isobutanol, methyl ethyl ketone, succinic acid, glutamic acid, isoprene, adipic

acid, muconic acid, lysine, dodecanedioic acid, farnesene, and 2,4-dihydroxybutyric

acid.

12) A genetically modified microorganism for an enhanced production of a molecule of

interest from a carbohydrate as source of carbon,

wherein said genetically modified microorganism comprises functional genes coding for

a PTS carbohydrate utilization system and

wherein in said genetically modified microorganism the expression of the Afunctional

ADP-dependent kinase-Pi-dependent pyrophosphorylase protein regulating the

expression of the phosphenolpyruvate synthase (PPS) is decreased.

13) The genetically modified microorganism of claim 12, wherein it is modified as defined

in any one of claims 2 to 8.

1 ) The genetically modified microorganism of claim 12 or 13, wherein the gene ppsR coding

for the Afunctional ADP-dependent kinase-Pi-dependent pyrophosphorylase DUF229 is

attenuated or deleted.

15) The genetically modified microorganism of one of claims 12 to 14, wherein the molecule

of interest is selected among ethanol, ethylene, ethylene glycol, glycolic acid,

propylene, acrylic acid, isopropanol, lactic acid, 1,3-propanediol, 1,2-propanediol,

prenol, isobutene, butadiene, butanediol, butanol, isobutanol, methyl ethyl ketone,

succinic acid, glutamic acid, isoprene, adipic acid, muconic acid, lysine, dodecanedioic

acid, farnesene, and 2,4-dihydroxybutyric acid.
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