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Abstract

Lactic acid is an important product of industrial importance. Various approaches using traditional and modern biotechnological approaches
have been tried to improve the lactic acid production. The lactic acid bacteria, yeast and fungal systems have been engineered to enhance the lactic
acid production. The advent of biotechnology and recognition of industrial applications of lactic acid led to the efforts being focused on use of
biotechnological tools to engineer lactic acid bacteria (LAB) and other systems for the production of lactic acid. The initial efforts in LAB genetic
modifications were concentrated mostly to develop LAB with enhanced qualities for food grade applications, using traditional approaches. The
spontaneous mutations were also attempted by using insertion sequence (IS) elements. The LAB subjected to genetic improvement have been used
in dairy industry for flavour enhancement, resistance to bacteriophages, addition of nutritional components and stability and structure of end
products. The controlled gene expression systems for industrial gram-positive bacteria with low G + C content have already been reported.
However, with the recognition of polylactide as a biodegradable polymer, attempts were directed to reduce the cost of lactic acid production by
genetically modifying the organism, by using various cheaply available agro-industrial residues and by process modifications to remove the lactic
acid produced during the course of fermentation. The authors here have tried to briefly summaries the various approaches to metabolic engineering
used for improving the lactic acid production and cost reduction.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction milk (lac). Many species of bacteria form lactate but amount

of lactate produced depends on the carbohydrate, conditions

Lactate is an important end product of bacterial of growth, and the metabolic pathway. The traditional food
fermentation of glucose and other carbohydrates (Fig. 1). related fermentations are known for long time but now only
The name of the acid was derived from the Latin word for  the metabolic pathways involved are understood so that we
can use selected strains and controlled conditions for carrying

out a particular fermentation. The lactic acid bacteria are
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Fig. 1. Generalized pathway of glucose metabolism.

of lactic acid bacteria involves animal food. Traditionally,
grass was preserved for animal food as hay, but now more of
the nutrients are kept when herbage is converted to silage.
Many studies have shown the beneficial effects on ruminant
performance of feeding them with silages inoculated with
lactic acid bacteria (LAB). These benefits might derive from
probiotic effects [1,2]. These processes became possible only
when fermentations by lactic acid bacteria were understood.
The majority of LAB live free of any host species and are
nonpathogenic. Some lactic acid bacteria are found in the guts
of animals, where their activities affect the well-being of the
hosts; others are associated with dental caries, and a few are
pathogenic. Because lactic acid bacteria are generally
regarded as safe (GRAS), hence, humans can use edible
material preserved by the growth of lactic acid bacteria. Also,
reducing conditions and low pH inhibit the growth of
pathogenic and food spoilage bacteria, because growth of
these organisms will cause food spoilage or may cause food
borne diseases.

The importance of LAB and lactic acid production got a
boost with the discovery of biodegradable polylactide
polymer. Much of the growth is attributable to two emerging
products: polylactic acid for biodegradable plastics [3] and the
environmentally benign solvent ethyl lactate [4]. Due to this
growing market for the biodegradable and renewable polymer
polylactic acid, the world demand for lactic acid is increasing
rapidly. The worldwide production of lactic acid, which is
presently in excess of 100,000 metric tonnes per year, is rapidly

increasing, mainly as a result of the growing market for
polylactic acid [5,6]. It is expected that this biodegradable
polymer, produced from renewable resources, will replace
various petrochemical industry based polymers in applications
ranging from packaging to fibers [7]. The major end product of
LAB fermentation, lactate, has applications as a preservative,
acidulant and flavouring agent in food industry, because of the
tartness provided by lactate and also because lactate is
generally regarded as safe (GRAS). Other uses of lactic acid,
comprises applications in cosmetics, tanning industry and as
intermediate in pharmaceutical processes [8].

2. Current problems in lactic acid production

The initial production technology of lactic acid fermenta-
tion was based on neutralization of produced acid with a
suitable neutralizing agent. The major problems associated
with lactic acid production by fermentation have been
fastidious nutritional requirements of lactic acid bacteria,
which add up to 35% of cost of production [9] and end
product inhibition [10]. To remove the end product inhibition,
attempts were directed to develop processes for removal of
lactic acid from fermentation broth and various methods were
reported for the purpose. These methods included cross flow
filtration with cell recycling [11-13], electro dialysis [14—
16], ion exchange resins [17,18] and extraction from
fermentation broth [19-28]. The US patents 5,780,678
[23], 5,892,109 [25], 6,087,532 [26] 6,187,951 [27] and
6,472,559 [28], described the use of trialkyl amine extraction
of lactic acid in presence of CO,. The recovered carbonate or
bicarbonate was recycled to the fermenter, also US patent
5,786,185 described use of solid phase polymer containing
pyridine for lactic acid extraction from fermentation broth
[24]. Oh et al.,, used cell recycle with repeated batch
bioreactor for lactic acid production [9]. The US patent
6,475,759 described process for producing lactic acid, which
includes incubating acid tolerant homofermentative lactic
acid bacteria in nutrient medium to produce a fermentation
broth with high levels of free lactic acid [29]. Several
alternative substrates including agro-industrial residues have
been tried to reduce the cost of production. Yun et al. [30]
reported production of L-(+)-lactic acid from various
carbohydrates using a newly isolated bacteria Enterococcus
faecalis RKY1. Similarly Yun et al. [31] reported use of
amylase treated rice and wheat bran hydrolysates for
production of lactic acid without any other nutrient being
added to the fermentation media. Wee et al. [32] reported the
use of adapted E. faecalis RKY1 for lactic acid production
from wood hydrolysate. Wee et al. [33] reported use of same
culture for L-(+)-lactic acid production from sugar molasses
and observed that lactic acid fermentation using molasses
was significantly affected by yeast extract concentration.
Woiciechowski et al. [34] used statistical experimental design
to enhance the L-(+)-lactic acid production from steam-
exploded wood hydrolysate using Rhizopus oryzae. Solid-
state fermentation and agro-industrial residues have also
being used for L-(+)-lactic acid production [35-39].
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3. Approaches to genetic modification in LAB

With increasing demand for lactic acid and increasing
concern over environmental impact of gypsum accumulation as
a by-product of traditional fermentation, enhanced efforts for
development of alternative technologies/methods are being
made. The advent of biotechnology led to the efforts being
focused on use of biotechnological tools to engineer for the
production of lactic acid. The initial efforts in genetic
modifications were concentrated mostly to develop LAB with
enhanced qualities for food grade applications, using traditional
approaches such as exposing to mutagenic agents such as ethyl
methyl sulphonate, NNG, NTG and UV radiations. The
spontaneous mutations were also attempted by using insertion
sequence (IS) elements [40]. The LAB subjected to genetic
improvement has been used in dairy industry for flavour
enhancement, resistance to bacteriophages, addition of nutri-
tional components and stability and structure of end products.
The use of insertion sequence elements for deletion of Lac Z
gene of Lactobacillus bulgaricus resulted in its limited
fermentation of lactose. Hence, this strain could be used in
yoghurt fermentation and limited lactose utilization prevents
further souring of yoghurt [41]. The gene inactivation method
based upon integration of insertion sequence (IS) elements into
chromosome leads to altered gene expression pattern, which
may give rise to a strain with enhanced qualities [42].

The genetic engineering approaches have been exploited in
a big way for improvement of LAB. Table 1 gives brief
account of work done for improvement of LAB using genetic
modification. Inactivation of aldB gene encoding a-acet-
olactate decarboxylase had been used to improve the flavour
and flavour stability of buttermilk [43]. Similarly spontaneous
mutation was used for selection of a Lactococcus lactis strain
that overproduced diacetyl, responsible for the butter flavour
in many fresh dairy products [44]. The transformation of
industrially important strains with phage resistant genes from
other LAB has been used to generate new phage resistant
strains [45]. The «a-Gal structural genes from Lactobacillus
plantarum ATCC8014 and from guar was cloned and
expressed in L. lactis to develop a lactic acid bacterium
capable of degrading non-digestible oligosaccharides (NDO)
and used to study the problems associated with non-digestible
oligosaccarides [46].

The five genes involved in folate biosynthesis pathway of L.
lactis MG1363 were identified and designated as folA, folB,
JolKE, folP and folC. The gene folKE encodes the biprotein 2
amino 4-hydroxy 6 hydroxymethyl dihydropteridine pyropho-
phokinase and GTP cyclohydrolase I. These findings suggested
feed back inhibition of reduced folate on folate biosynthesis
[47]. Gene-specific genetic engineering has also been used to
examine the genes of the rib operon’s need to be over expressed
in order to effect riboflavin overproduction in L. lactis subsp.
cremoris strain NZ9000. Transcriptional regulation of the L.
lactis riboflavin biosynthetic process as well as the analysis of
roseoflavin-induced riboflavin-overproducing L. lactis isolates
revealed the presence of both nucleotide replacements and
deletions in the regulatory region of the rib operon [48]. These
findings suggest that fermentation process can be used for
producing foods containing increased levels of riboflavin and
folate, negating the need for vitamin fortification.

The mannitol and lactic acid yields and productivities were
practically unaffected by deletion of the IdhD gene of a
mannitol producing Lactobacillus fermentum. The stepwise
inactivation of the Idh genes involved gene replacement
technique with deletion constructs removing a 0.4 kb fragment
from the promoter and the 5’ end region of the Idh genes. In
bioreactor cultivations, the single mutant GRL1030 produced
mannitol and L-(+)-lactic acid as expected [49]. The engineer-
ing of L. lactis to a mannitol producing strain was carried out by
disruption of two genes mt[A and mt/F by double-crossover
recombination in strain L. lactis F19630 (a food-grade lactate
dehydrogenase-deficient strain derived from MG1363), yield-
ing two mutant (_Ildh_mtIA and _ldh_mtlF) strains having
disrupted phosphoenolpyruvate mannitol phosphotransferase
system. The new strains, FI10091 and FI10089, respectively, do
not possess any selection marker and were proposed to be
suitable for use in the food industry [50]. It was suggested that
Ildh deficient and the mtlD over expressing L. lactis was the
most promising strain for mannitol production [51].

Attempts have also been made to study the regulatory
mechanisms for metabolism and also role of regulatory
sequences. The L. lactis ccpA gene, encoding the regulatory
protein CcpA was identified and characterized. The L. lactis
ccpA gene is constitutively transcribed from a promoter lacking
a cre sequence. The functions of ccpA gene can be
complemented, indicating conserved nature of gene. The

Table 1

Improvement of LAB using genetic modification

SN Reference Organism Target Outcome
1 Mollet et al. [41] Lactobacillus bulgaricus lac Z Restricted lactose utilization
2 Swindell et al. [43] Lactococcus lactis aldB gene Flavour and stability
3 Luesink et al. [52] L. lactis ccpA gene Inhibition of catabolite repression of gal operon
4 Monnet et al. [44] L. lactis aldB and ldh Overproduction of diacetyl
5 Le Blanc et al. [46] L. lactis «-Gal structural genes Degradation of NDO
6 Sybesma et al. [47] L. lactis NZ9000 rib operon Production of folate
7 Burgess et al. [48] L. lactis NZ9000 rib operon Increased levels of riboflavin
8 Aarnikunnas et al. [49] Lactobacillus fermentum ldhD Mannitol and L-(+)-lactic acid
9 Gaspar et al. [50] L. lactis mtlA and mtlF Mannitol-production

10 Wisselink et al. [51] L. lactis mtlD Mannitol production
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disruption of the ccpA gene reduces the catabolite repression
of the gal operon, which contains a cre site at the transcription
start site and encodes enzymes involved in galactose
catabolism. In contrast, CcpA activates the transcription of
the cre containing promoter of the /as operon, encoding the
glycolytic enzymes phosphofructokinase, pyruvate kinase and
L-lactate dehydrogenase [52]. Three isogenic strains of L.
lactis, the parent strain L. lactis MG1363, a NOX™ strain
harboring a deletion of the gene coding for H,O-forming
NADH oxidase, and a NOX* strain with the NADH oxidase
activity enhanced by about 100-fold were used to study the
effect of oxygen on glucose metabolism. (i) The fructose 1,6-
bisphosphate (Fru-1, 6-P,) level was lower under aerobic than
under anaerobic conditions, and rate of Fru-1, 6-P, depletion
was very high; (ii) the levels of 3-phosphoglycerate and
phosphoenolpyruvate were considerably enhanced under
aerobic conditions and significantly lower in the NOX™
strain; (iii) the glycolytic flux decreased in the presence of
saturating levels of oxygen, but it was not altered in response
to changes in the NADH oxidase activity. This indicated that
fructose 1,6-bisphosphate (Fru-1, 6-P,) has arole in glycolytic
flux control and also glycolytic flux is affected by oxygen
concentration but is not primarily determined by the level of
NADH in the cell [53]. It has also been observed that the
glycolytic flux was unchanged in the mutants overproducing
glyceraldehyde 3-phospahte dehydrogenase (GAPDH). This
suggested that the GAPDH activity has no control over the
glycolytic flux at the wild-type enzyme level and that the
enzyme is present in excess capacity by a factor of 3—4. Also
the glycolytic flux in resting cells is even more insensitive to
changes in the GAPDH activity because GAPDH was also
present in large excess and had no control over the glycolytic
flux [54]. Two-component signal-transduction machinery was
proposed for transcription activation and production of several
auto inducers found in LAB, which are predominantly
bacteriocins or bacteriocin-like peptides. In the nisin auto
regulation process in L. lactis the NisK protein acts as the
sensor for nisin and the NisR protein as the response regulator,
activating transcription of target genes. The cis-acting
elements nisA and nisF are promoter fragments for NisR [55].

Attempts have also been made to completely sequence the
genome of LAB so that information regarding metabolic
pathways can be generated. The sequencing of the genome of
the laboratory strain L. lactis 1L.1403 showed that the genome

contained 2,365,589 base pairs (AE005176) and encodes for
2310 proteins, including 293 protein-coding genes belonging to
six prophages and 43 insertion sequence (IS) elements. Non-
random distribution of IS elements indicated that the
chromosome of the sequenced strain may be a product of
recent recombination between two closely related genomes.
Analysis of sequence data showed that a complete set of late
competence genes was also present, indicating the ability of L.
lactis to undergo DNA transformation. Genomic sequence data
reveals new possibilities for fermentation pathways and for
aerobic respiration and also indicates a horizontal transfer of
genetic information from Lactococcus to gram-negative enteric
bacteria of Salmonella-Escherichia group [56]. Similarly, L.
plantarum strain WCFS1 sequence was determined to be
3,308,274 bp and 3052 protein-coding genes were predicted
[57]. The L. plantarum strain WCFS1 (NCIMB8826) was
originally isolated from human saliva.

4. Lactate dehydrogenase

Garvie has given a beautiful account of lactate dehydro-
genases present in different systems [58], however, to the best
of our knowledge no subsequent efforts were made to account
for the work done afterwards. Here, authors have tried to
present a brief account of work done afterwards (Table 2) for
studying lactate dehydrogenases from different sources.

The nucleotide sequence of 1.29 kb of Streptococcus mutans
DNA that contained the promoter and protein-coding region of
the gene Idh was determined and it was confirmed that S.
mutans JH1000 contained a single copy of the lactate
dehydrogenase gene [59]. The cloning of an allosteric IdhL
gene of Lactobacillus casei ATCC 393 in Escherichia coli
revealed that the open reading frame consisted of 981 bp,
starting with a GTG codon and ending with a TAA codon. The
sequences for the promoter, ribosome-binding site, and for a
structure resembling a p-independent transcription terminator
were also identified [60].

Similarly, gene encoding b-(—)-lactate dehydrogenase
(IdhD) of L. plantarum with an inducible expression plasmid,
in which the 5’-noncoding region of the gene was replaced
with the fac promoter was expressed in E. coli. The
comparison of the sequence of [dhL with [dhD including
the L. plantarum IdhL showed no significant homology among
them. However, the IdhD was homologous to E. coli p-3-

Table 2

Lactate dehydrogenase enzyme from different sources

SN Reference Gene Source organism Outcome

1 Duncan and Hillman [59] ldh Streptococcus mutans JH1000 Single copy gene

2 Kim et al. [60] ldhL Lactobacillus casei ATCC 393 981 bp OREF identification

3 Taguchi and Ohta [61] ldhD Lactobacillus plantarum 2-Hydroxyacid dehydrogenase

4 Llanos et al. [62] ldhL L. lactis subsp. lactis Allosteric enzyme of 324 amino acids

5 Kochhar et al. [63] ldhD Lactobacillus helveticus NAD (+)-dependent, 336 amino acids protein

6 Savijoki and Palva [64] ldhL L. helveticus Non-allosteric enzyme of 323 amino acids

7 Weeks and Yuksel [65] ldhD and ldhL Lactobacillus sp. strain MONT4 1002 bp ldhD ORF coding for 334 amino acids,

o]

Lee et al. [66] ldhL and IdhD

Lactobacillus sp. RKY2

963 bp IdhL ORF coding for 321 amino acids
962 and 998 bp ORFs
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phosphoglycerate dehydrogenase and L. casei p-2-hydroxyi-
socaproate dehydrogenase suggesting that p-lactate dehydro-
genase was a member of a new family of 2-hydroxyacid
dehydrogenases. These being distinct from L-lactate dehy-
drogenase and L-malate dehydrogenase, and also that the new
family consisted of D-isomer-stereo specific enzymes. The D-
lactate dehydrogenase is also having p-glycerate dehydro-
genase activity, because of the conserved residues in this
family appear to be the residues involved in the substrate
binding and the catalytic reaction [61].

It has also been demonstrated that L-(+)-lactate dehy-
drogenase from L. lactis subsp. lactis was activated by
fructose-1,6-bisphosphate. Plasmids containing IdhL con-
ferred fructose-1, 6-bisphosphate activated L-(+)-lactate
dehydrogenase activity on E. coli cells, and a promoter
was introduced to express the cloned Idh. The nucleotide
sequence of /dh predicted a chain length of 324 amino acids
and a subunit molecular weight of 34,910 for the enzyme,
after removal of the N-terminal methionine residue. L. lactis
subsp. lactis Ildh was suggested to be a product of
posttranscriptional processing transcribed from a 4.1 kb
transcript [62]. NAD (+)-dependent p-lactate dehydrogenase
from Lactobacillus helveticus was purified and first 36 amino
acid residues sequence was determined. The plasmid over
expression showed that p-lactate dehydrogenase was greater
than 60% total soluble cell protein and plasmids were stable
in E. coli, compared to plasmids carrying the L. bulgaricus
and L. plantarum genes. The entire nucleotide sequence of the
L. helveticus ldhD gene was determined and used to deduce
amino acid sequence. This indicated a polypeptide consisting
of 336 amino acid residues, showing significant amino acid
sequence similarity to D-2-hydroxy-acid dehydrogenases
family. The physicochemical and catalytic properties of
recombinant p-lactate dehydrogenase were identical to those
of the wild-type enzyme, e.g. a 2 dimeric subunit structure,
isoelectric pH, Km and Kcat for pyruvate and other 2-oxo-
acid substrates. However the kinetic profiles of 2-oxo-acid
substrates showed differences from that of L-lactate dehy-
drogenase, suggesting different mechanisms for substrate
binding and specificity [63].

The IdhL gene with capacity to encode a protein of 323
amino acids (35.3 kDa) was isolated from L. helveticus. The
amino acid sequence of IdhL showed a high degree of identity
with IdhL’s of other Lactobacilli. The highest identity (80.2%)
was observed with the L. casei ldhL. The sizes and 5’ end
analyses of I/dhL transcripts showed that the IdhL gene of L.
helveticus was a monocistronic transcriptional unit. The
expression of ldhL, studied as a function of growth, revealed
a high expression level at the logarithmic phase of growth. The
ldhL OREF organization in L. helveticus showed two putative
—10 regions without corresponding —35 regions and the IdhL
transcripts to be derived from the —10 region closest to the
initiation codon with presence of additional putative —10/—35
regions. These findings suggest that L-LDH of L. helveticus is a
non-allosteric enzyme, and amino acid residues involved in
allosteric regulation are not conserved. Although optimal
reaction velocity was at pH 5.0, however, enzyme particularly

at neutral pH showed a slight enhancement of activity in the
presence of fructose 1,6-diphosphate [64].

Two lactate dehydrogenase (Idh) genes from Lactobacillus
sp. strain MONT4 were cloned by complementation in E. coli
DC1368 (Idh pfl) and were sequenced. The sequence analysis
revealed a 1002 bp IdhD OREF potentially coding for 334 amino
acids. While, a 963 bp /dhL ORF coding for 321 amino acids
was identified as responsible for L-(+)-lactate dehydrogenase
expression. The subcloning of the individual Idh genes and their
Northern blot analyses indicated that the genes are mono-
cistronic [65]. The open reading frames of IdhL and IdhD from
Lactobacillus sp. RKY2 encoding L-(+) and p-(—)-lactate
dehydrogenases were found to be 962 and 998 bp, respectively
with both the proteins showing highest homology with lactate
dehydrogenases from L. plantarum [66].

The recent findings suggest co-regulation of lactococcal
lactate dehydrogenases (LDHs) at the substrate level by at least
two mechanisms: the fructose-1, 6-bisphosphate/phosphate
ratio and the NADH/NAD ratio. Among the L. lactis species,
there are strains that are predominantly regulated by the first
mechanism (e.g. strain 65.1) or by the second mechanism (e.g.
strain NCDO 2118) [67].

5. Metabolic engineering for lactic acid production

A few attempts have been made to improve L-(+)-lactic acid
production by metabolic engineering in lactic acid bacteria and
also in fungal and yeasts systems. Table 3 presents a brief
account of metabolic engineering approaches for lactic acid
production.

The plasmid pSUW100 encoding the p-(—)-lactate dehy-
drogenase from L. helveticus CNRZ32 was designed for
deletion studies and nucleotide sequence of the [ldhD was
determined. A putative 1014 bp IdhD reading frame encoding a
polypeptide of 337 amino acid residues with a deduced
molecular mass of 38 kDa was identified. The homology of this
gene was detected with leuconostocs and pediococci genes but
not with lactococci or L. casei. The IdhD negative derivative of
L. helveticus CNRZ 32 showed production of only L-(+)-lactic
acid. However, no significant difference in growth or total lactic
acid production was observed between CNRZ32 and its ldhD
mutant [68].

The cloning of a gene (designated /dhL) encoding L-(+)-
lactate dehydrogenase from L. plustanm DG301and analysis of
nucleotide sequence of the /dhL gene predicted a protein of 320
amino acids closely related to that of Lactobacillus pentosus.
Introduction of multiple copies of gene in L. plantarum resulted
in 13-fold increase in L-LDH activity. However, this failed to
increase the production of L-(+)- and p-(—)-lactate. A stable
chromosomal deletion in the IdhL gene of L. plantarum resulted
in the absence of L-LDH activity and in exclusive production of
the p isomer of lactate [69]. Similarly in L. lactis, when the copy
number of the lac operon in which the /dhL gene was present
was increased, it resulted in a slight increase in lactic acid
production [70].

The pyruvate decarboxylase (PDC) deficient Saccharo-
myces cerevisiae strain used for expression of lactate
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Table 3
Metabolic engineering approaches for lactic acid production
SN Reference Approach Organism Outcome Yield/conc.
1 Bhowmik and Steele [68] ldhD deletion L. helveticus CNRZ32 No significant difference in -
total lactic acid
2 Ferain et al. [69] ldhL L. plustanm DG301 No increase in lactate 15.6 = 1.0 g/l lactate
production
3 Davidson et al. [70] lac operon copy L. lactis Slight increase in lactic -
number increase acid production
4 Adachi et al. [71] Idh cloning and pyruvate Saccharomyces Increased lactate yield 11.36 g/1
decarboxylase cerevisiae
(PDC) deletion
5 Porro et al. [72] Bovine IdhL gene cloning K. lactis Improved yields 109 g/1
of lactic acid
6 Nikkila et al. [73] ldhD deletion L. helveticus CNRZ32 Exclusive production 50.64 g/1
of L-(+)-lactic acid
7 Bai et al. [77] Random mutagenesis Rhizopus oryzae Improved lactic acid 794 g/l
production
8 Skory [75] ldhA from R. oryzae S. cerevisiae Lactic acid production 38 g/l
9 Skory [76] IdhA constructs R. oryzae Increase in lactic acid 72.8-76 g/l
for expression production in
some constructs
10 van Maris et al. [78] PDC deletion S. cerevisiae Homofermentative lactate 1.66 £ 0.04 mol of
producing strain lactate/mol of glucose
11 Saitoh et al. [79] Bovine /dhL expression Wine yeast strain L-(+)-lactate production 122 g/l

dehydrogenase showed increased lactate yield with suppressed
ethanol production. The findings also suggested that out of
three genes (PDC1, PDCS5 and PDC6) responsible for pyruvate
decarboxylase, PDCI plays a key role [71]. Similarly,
introduction of bovine L-(+)-lactate dehydrogenase gene
(Idh) into a wild-type Kluyveromyces lactis yeast strain showed
co-production of lactate and ethanol. Deletion of unique
pyruvate decarboxylase gene led to further improvement of the
strain and concentrations, productivities, and yields of lactic
acid as high as 109 g/1, 0.91 g/l/h, and 1.19 mol/mole of glucose
consumed, were obtained. It was also observed that the
engineered strain produced organic acid at pH levels lower than
those usual for bacterial processes [72].

The expression of IdhD and IdhL and production of p-(—)-
and L-(+)-lactic acid were studied in L. helveticus CNRZ32. In
order to develop a host for production of pure L-(+)-isomer of
lactic acid, two [dhD-negative L. helveticus CNRZ32 strains
were constructed using gene replacement. One of the strains
was constructed by deleting the promoter region of the IdhD
gene, and the other was constructed by replacing the structural
gene of ldhD with an additional copy of the structural gene
(IdhL) of the same species. The resulting strains were
designated GRL86 and GRLS89, respectively. In strain
GRL89, the second copy of the IdhL structural gene was
expressed under the ldhD promoter. The two IdhD negative
strains produced only L-(+)-lactic acid in an amount equal to the
total lactate produced by the wild type. The maximum L-LDH
activity was found to be 53 and 93% higher in GRL86 and
GRLA89, respectively, than in the wild-type strain. The L-(+)-
lactic acid production by GRL89 was optimized using
statistical experimental design and response surface methodol-
ogy. The temperature and pH optima were found to be 41 °C
and pH 59. At low pH, when the growth and lactic acid

production are uncoupled, strain GRL89 produced approxi-
mately 20% more lactic acid than GRL86 [73].

The Rhizopus fungal system has also been used for
metabolic engineering studies. The lactate dehydrogenase
enzyme from R. oryzae has been cloned and expressed in E. coli
[74]. The L-LDH gene (IdhA) from the filamentous fungus R.
oryzae, expressed under control of the S. cerevisiae adhl
promoter and terminator was introduced into yeast system. The
diploid isolate accumulated approximately 40% more lactic
acid with a final concentration of 38 g lactic acid/l and a yield
of 0.44 g lactic acid/g glucose. The optimal pH for lactic acid
production by the diploid strain was pH 5. S. cerevisiae mutants
with diminished pyruvate decarboxylase activity and mutants
with disrupted alcohol dehydrogenase activity showed trans-
formants with diminished ethanol production. However, the
efficiency of lactic acid production also decreased [75].
Similarly, transformation of R. oryzae with ldhA constructs
revealed that some constructs gave lactic acid more than control
strain [76]. A L-(+)-lactic acid over-producing mutant, R.
oryzae R1021, was isolated by mutagenizing the parent strain
(R. oryzae R3017) with UV, diethyl sulfate (DES) and 60Co.
Starting with a concentration of 120 g/l corn starch, mutant
R1021 produced 79.4 g/l L-(+)-lactic acid after 60 h in flasks,
52% higher than that produced by the parent strain. The L-(+)-
lactic acid purity was 99.05% by weight based on the amount of
total lactic acid. The mutant R1021 was also morphologically
different from the parent strain. The results of carbon flux
analysis of the parent strain and mutants showed that the
pyruvate node in the metabolic model was the principle and
flexible node. The results show that the key steps of the
pathways in parent strain where most carbon is lost from lactic
acid formation are the reactions form pyruvate to acetyl-CoA,
oxaloacetate and ethanol. Although the fractions of the carbon
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from pyruvate to ethanol and acetyl-CoA were reduced in
mutants, these two pathways are still the steps that need to be
further targeted to reroute the pyruvate metabolism to improve
lactic acid production [77].

The S. cerevisiae (CEN.PK background) was engineered to
homofermentative lactate-producing yeast by deletion of the
three genes encoding pyruvate decarboxylase and introduction
of a heterologous lactate dehydrogenase (EC 1.1.1.27). Like all
pyruvate decarboxylase-negative S. cerevisiae strains, the
engineered strain required small amounts of acetate for the
synthesis of cytosolic acetyl-coenzyme A. Exposure of aerobic
glucose-limited chemostat cultures to excess glucose resulted
in the immediate appearance of lactate as the major
fermentation product. However, the engineered strain could
not grow anaerobically, and lactate production was strongly
stimulated by oxygen also under all conditions examined,
lactate production by the engineered strain was slower than
alcoholic fermentation by the wild type [78]. Similarly,
transgenic wine yeast strain containing six copies of the
bovine L-lactate dehydrogenase gene on the genome were
constructed. The recombinant strain upon fermentation with
cane juice media produced L-(+)-lactate to the tune of 122 g/l
with an optical purity of 99.9% or higher [79]. The nicotinic
acid (NiA) was the limiting factor for the lactate production
from S. cerevisiae strain K1 expressing lactate dehydrogenase
gene from L. plantarum [80].

6. Development of vector systems

Table 4 describes some of the vector systems used or
metabolic engineering of LAB and S. cerevisiae and also
studies regarding the search for strong promoters for expression
of desired genes. Various attempts have been made to develop

efficient vector systems for metabolic engineering of LAB. The
commercially available vectors modified by introducing
promoters and terminators and addition of genes of interest
along with different selection markers suitable for the system in
use [68,71,73,75,76,79] have been used for lactic acid
production studies. Also, several improvements associated
with the lactic acid bacteria involved indigenous plasmids
[88,89] and vectors for different lactic acid bacteria were
developed based on these indigenous plasmids [90,91]. The
plasmids based systems rely on selection markers and strains
for food grade applications are not supposed to contain the
antibiotic selection markers or inducible gene expression
systems. Hence, the markers based on natural properties of
lactic acid bacteria [92] were an ideal choice for food related
applications and several attempts were made to develop these
vectors. A shuttle vector able to replicate in E. coli and in gram-
positive bacteria containing a nisin-inducible promoter (PnisA)
and genes encoding NisR and NisK was developed [84], for
activating transcription from PnisA in the presence of nisin. E.
faecalis pCF10 plasmid genes prgX, prgY, and prgZ, encoding
cytosolic, integral membrane, and cell surface proteins,
respectively, were cloned downstream of PnisA and increased
protein expression was observed in the presence of nisin [84].
Similarly, a shuttle vector able to replicate in both Strepto-
coccus sp. and E. coli was developed by joining the E. coli
plasmid pACYC184 (chloramphenicol and tetracycline resis-
tance) to the streptococcal plasmid pGB305 (erythromycin
resistance) [93]. Similarly, to screen for conditional promoters
alr gene encoding alanine racemase was used in L. plantarum
[85]. The p-cycloserine presence showed increased alr level
requirement making it a quantitative factor to the primarily
qualitative nature of the alr complementation screen. This
study showed alanine racemase complementation screening

Table 4
Development of vector systems for metabolic engineering
Vector Characteristics Reference Purpose
pJDC9 Em', lacZ, strong transcriptional terminators Chen and Morrison [81] Streptococcal gene cloning
pIL252 Em" Simon and Chopin [82] Cloning in Streptococcus lactis
pLAB1301 Em', Cm" shuttle vector Escherichia coli — L. plantarum Josson et al. [83] Broad host range vector development
pGIT005 Em', pJDC9 with a 1.65 kb Alu 1 fragment from Ferain et al. [69] Lactic acid production
L. plantarum DG301 containing IdhL
pGIT032 Em', Cm', pLAB1301 with a 1.45 kbp Kpn Ferain et al. [69] Lactic acid production
I fragment from pGITO005 containing /dhL
PSA3 Shuttle vector E. colilStreptococcus by joining Bhowmik and Steele [68] Lactic acid production
pACYC184 and pGB305, Cm', Tet", Em", Ts replicon
pADNS adhl promoter, IdhA Adachi et al. [71] Lactic acid production
pEPL2 KIPDC1 promoter, URA3 marker Porro et al. [72] Lactic acid production
pKTH2154 ldhD construct in pSA3 Nikkila et al. [73] Lactic acid production
pKTH2156 ldhD promoter and IdhL in pJDC9 Nikkila et al. [73] Lactic acid production
pMSP3535VA Km', pVA380-1 replicon, nisRK and PnisA Bryan et al. [84] Vector for Gram +ve system
pMSP3535 Em', pAMDI and colE1 replicons, nisRK, PnisA Bryan et al. [84] Lactic acid production
pNZ7110 Amp', pUCI18 derivative containing cre and TN Bron et al. [85] alr as selection marker
pldhA48X11 IdhA gene Skory [75] Lactic acid production
pNZ7119 Amp', pNZ7110 derivative with cre replaced by L. lactis alr Bron et al. [86] Conditional active promoters
pNZ7120 Em', pIL252 derivative containing L. lactis alr from pNZ7119 Bron et al. [86] Conditional active promoters
pUI100 pIDCY, ldhD-IdhL, Em', PnisA, nisR and nisK Weeks and Yuksel [65] Ildh cloning
yEPLDH TPII promoter with [/dh gene van Maris et al. [78] Lactic acid production
PZn zitR PZn promoter, zitR repressor, uspnuc* and lacL*M* Llull and Poquet [87] Controlled expression system development
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method can be used for the identification of promoters on their
conditional or constitutive activity [85]. The regulatory signals
(PZn promoter and zitR repressor) of the L. lactis zit operon
were used to develop a new expression system PZn zitR. The
expression system is induced upon Zn deficiency and can be
easily manipulated for expression of desired genes by
manipulating the environmental conditions [92].

7. Conclusions

Although efforts have been put in to metabolic engineering
of LAB, but these were concentrated in food related
applications. However, with increase in demand for PLA and
environmental concerns regarding production of large amounts
of gypsum, efforts are now directed to metabolically engineer
LAB for lactic acid production. However, given the intrinsic
problems of growth under anaerobic conditions and inability of
LAB to produce lactic acid under low pH conditions, concerted
efforts are required to develop LAB with tolerance to low pH/
product inhibition and identification of suitable target sites for
engineering to develop lactic acid hyper producing strains at
low pH making recovery of lactate easier and resulting in less
accumulation of gypsum. In yeast based system pyruvate
carboxylase gene has been identified as a target for engineering,
however to completely divert yeast metabolism for lactic acid
production more such targets need to be identified. However
development of tolerant LAB systems seems to be more
economic in terms of production and overall yields.

Acknowledgement

Authors acknowledge grants from CSIR, New Delhi, under
Task Force Project CMM 006.

References

[1] Weinberg ZG, Muck RE, Weimer PJ, Chen Y, Gamburg M. Lactic acid
bacteria used in inoculants for silage as probiotics for ruminants. In:
Mulchandani A, Pandey A, Larroche C, editors. Appl biochem biotech-
nol, vol. 118. Humana Press; 2004. p. 1-11.

[2] Pandey A, Bringel F, Meyer JM. Iron requirement and search for side-
rophores in lactic acid bacteria. Appl Microbiol Biotechnol 1994;40:735—
9.

[3] Hester A. IB market forecast. Ind Bioprocess 2000;22(5):3-5.

[4] Watkins K. A solvent business. Chem Eng News 2002;80:15-6.

[5] Hester A. IB market forecast. Ind Bioprocess 2000;22(7):4-5.

[6] Bizzari SN, Kishi A. Lactic acid, its salts and esters. In: Chemical
economics handbook. Menlo Park, California: SRI International; 2003.

[7] Tullo A. Plastic found at the end maize. Chem Eng News 2000;78:13.

[8] Martin AM. Fermentation process for the production of lactic acid. In:
Bozolu TF, Ray B, editors. Lactic acid bacteria current advances in
metabolism genetics and applications NATO ASI Series, vol. H98. Berlin:
Springer; 1996. p. 270-301.

[9] Oh H, Wee YJ, Yun JS, Ryu HW. Lactic acid production through cell-
recycle repeated batch bioreactor. Appl Biochem Biotechnol
2003;105:603-13.

[10] Benninga H. A history of lactic acid making. Dordrecht, The Netherlands:
Kluwer Academic; 1990.

[11] Taniguchi M, Kotani N, Kobayashi T. High concentration cultivation of
lactic acid bacteria in fermenter with crossflow filtration. J Ferment
Technol 1987;65:179-84.

[12] Bibal B, Coma VY, Pareilleux A. High concentration cultivation of
Lactococcus femuris in a cell-recycle reactor. Biotechnol Bioeng 1991;
37:746-54.

[13] Shimizu K, Furuya K, Taniguchi M. Optimal operation derived by Green’s
theorem for the cell-recycle filter fermentation focusing on the efficient
use of the medium. Biotechnol Prog 1994;10:258-62.

[14] Boyaval P, Corre C, Terre S. Continuous lactic acid fermentation with
concentrated product recovery by ultrafiltration and electrodialysis. Bio-
technol Lett 1987;9:207-12.

[15] Nomura Y. An approach to high-speed built-in electrodialysis culture.
Hakkokogaku 1992;70:205-16.

[16] Vonktaveesuk P, Toyokawa M, Ishlzaki A. Stimulation of the rate of L-
lactate fermentation using Lactococcus lactis 10-1 by periodic electro-
dialysis. J Ferment Technol 1994;77:508-12.

[17] Vaccari G, Gonzalez-Vara RAY, Campi AL, Doci E, Brigidi P. Fermenta-
tive production of L-lactic acid by Lactococcus lactis DSM20011 and
product recovery using ion exchange resins. Appl Microbiol Biotechnol
1993;40:23-7.

[18] Srivastava A, Roychoudbury PK, Sashi V. Extractive lactic acid fermenta-
tion using ion-exchange resin. Biotechnol Bioeng 1992;39:607-13.

[19] Hano T, Matsumoto M, Uenoyama S, Ohta T, Kawano Y, Miura S.
Separation of lactic acid from fermented broth by solvent extraction.
Bioseparation 1993;3:321-6.

[20] Yabannavar VM, Wang DIC. Extractive fermentation for lactic acid
production. Biotechnol Bioeng 1991;37:1095-100.

[21] Honda H, Toyama Y, Takahashi H, Nakazeko T, Kobayashi T. Effective
lactic acid production by two-stage extractive fermentation. J Ferment
Bioeng 1995;79:589-93.

[22] Ye K, Jin S, Shimizu K. Performance improvement of lactic acid fer-
mentation by multistage extractive fermentation. J Ferment Bioeng
1996;81:240-6.

[23] Baniel AM, Eyal AM, Mizrahi J, Hazan B, Fisher RR, Kolstad JJ, Stewart
BF. Lactic acid production, separation and/or recovery process. US Patent
5,780,678.

[24] Tsao GT, Lee SJ, Tsai GJ, Seo JH, McQuigg DW, Vorkies SL, Iyer GK.
Process for producing and recovering lactic acid. US Patent 5,786,185.

[25] Baniel AM, Eyal AM, Mizrahi J, Hazan B, Fisher RR, Kolstad JJ, Stewart
BF. Lactic acid production, separation and/or recovery process. US Patent
5,892,109.

[26] Baniel AM, Eyal AM, Mizrahi J, Hazan B, Fisher RR, Kolstad JJ, Stewart
BF. Process for isolating lactic acid. US Patent 6,087,532.

[27] Baniel AM, Eyal AM, Mizrahi J, Hazan B, Fisher RR. Lactic acid
production, separation and/or recovery process. US Patent
61,879,515,780,678.

[28] Baniel AM, Eyal AM, Mizrahi J, Hazan B, Fisher RR, Kolstad JJ, Stewart
BF. Lactic acid production, separation and/or recovery process. US Patent
6,472,559.

[29] Carlson TL, Peters J, Eugene M. Low pH lactic acid fermentation. US
Patent 6,475,759.

[30] Yun JS, Wee YJ, Ryu HW. Production of optically pure L-(+)-lactic acid
from various carbohydrates by batch fermentation of Enterococcus fae-
calis RKY1. Enz Microbial Tech 2003;33:416-23.

[31] Yun JS, Wee YJ, Kim JN, Ryu HW. Fermentative production of DL-
lactic acid from amylase treated rice and wheat bran’s hydrolyzate by a
novel lactic bacterium, Lactobacillus sp. Biotechnol Lett 2004;18:
1613-6.

[32] Wee YJ, Yun JS, Park DH, Ryu HW. Biotechnological production of L-
(+)-lactic acid from wood hydrolyzate by batch fermentation of Enter-
ococcus faecallis. Biotechnol Lett 2004;26:71-4.

[33] Wee YJ, Kim JN, Yun JS, Ryu HW. Utilization of sugar molasses for
economical L-(+)-lactic acid production by batch fermentation of Enter-
ococcus faecalis. Enz Microbial Tech 2004;35:568-73.

[34] Woiciechowski AL, Soccol CR, Ramos LP, Pandey A. Experimental
design to enhance the production of L-(+)-lactic acid from steam-exploded
wood hydrolysate using Rhizopus oryzae in a mixed-acid fermentation.
Process Biochem 1999;134:949-55.

[35] John RP, Nampoothiri KMN, Syamaprasad A, Pandey A. Solid-state
fermentation for L-lactic acid production from agro wastes using Lacto-


https://www.researchgate.net/publication/5254736_Extractive_Fermentation_for_Lactic_Acid_Production?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/5254736_Extractive_Fermentation_for_Lactic_Acid_Production?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223184275_Production_of_optically_pure_L-lactic_acid_from_various_carbohydrates_by_batch_cultivation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223184275_Production_of_optically_pure_L-lactic_acid_from_various_carbohydrates_by_batch_cultivation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223184275_Production_of_optically_pure_L-lactic_acid_from_various_carbohydrates_by_batch_cultivation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8124828_Fermentative_production_of_DL-lactic_acid_from_amylase-treated_rice_and_wheat_brans_hydrolyzate_by_a_novel_lactic_acid_bacterium_Lactobacillus_sp?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8124828_Fermentative_production_of_DL-lactic_acid_from_amylase-treated_rice_and_wheat_brans_hydrolyzate_by_a_novel_lactic_acid_bacterium_Lactobacillus_sp?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8124828_Fermentative_production_of_DL-lactic_acid_from_amylase-treated_rice_and_wheat_brans_hydrolyzate_by_a_novel_lactic_acid_bacterium_Lactobacillus_sp?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8124828_Fermentative_production_of_DL-lactic_acid_from_amylase-treated_rice_and_wheat_brans_hydrolyzate_by_a_novel_lactic_acid_bacterium_Lactobacillus_sp?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/6707274_Biotechnological_production_of_L-lactic_acid_from_wood_hydrolyzate_by_batch_fermentation_of_Enterococcus_faecalis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/6707274_Biotechnological_production_of_L-lactic_acid_from_wood_hydrolyzate_by_batch_fermentation_of_Enterococcus_faecalis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/6707274_Biotechnological_production_of_L-lactic_acid_from_wood_hydrolyzate_by_batch_fermentation_of_Enterococcus_faecalis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222204348_Utilization_of_sugar_molasses_for_economical_L-lactic_acid_production_by_batch_fermentation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222204348_Utilization_of_sugar_molasses_for_economical_L-lactic_acid_production_by_batch_fermentation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222204348_Utilization_of_sugar_molasses_for_economical_L-lactic_acid_production_by_batch_fermentation_of_Enterococcus_faecalis_RKY1?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223429904_Experimental_design_to_enhance_the_production_of_L--lactic_acid_from_steam-exploded_wood_hydrolysate_using_Rhizopus_oryzae_in_a_mixed-acid_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223429904_Experimental_design_to_enhance_the_production_of_L--lactic_acid_from_steam-exploded_wood_hydrolysate_using_Rhizopus_oryzae_in_a_mixed-acid_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223429904_Experimental_design_to_enhance_the_production_of_L--lactic_acid_from_steam-exploded_wood_hydrolysate_using_Rhizopus_oryzae_in_a_mixed-acid_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223429904_Experimental_design_to_enhance_the_production_of_L--lactic_acid_from_steam-exploded_wood_hydrolysate_using_Rhizopus_oryzae_in_a_mixed-acid_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8655061_Use_of_the_alr_Gene_as_a_Food-Grade_Selection_Marker_in_Lactic_Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222794666_Gene_cloning_and_expression_in_lactic_streptococci_FEMS_Microbiol_Rev?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10782680_Lactic_Acid_Production_Through_Cell-Recycle_Repeated-Batch_Bioreactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10782680_Lactic_Acid_Production_Through_Cell-Recycle_Repeated-Batch_Bioreactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10782680_Lactic_Acid_Production_Through_Cell-Recycle_Repeated-Batch_Bioreactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/43266076_Lactic_acid_bacteria_used_in_inoculants_for_silage_as_probiotics_for_ruminants?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/43266076_Lactic_acid_bacteria_used_in_inoculants_for_silage_as_probiotics_for_ruminants?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/43266076_Lactic_acid_bacteria_used_in_inoculants_for_silage_as_probiotics_for_ruminants?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/43266076_Lactic_acid_bacteria_used_in_inoculants_for_silage_as_probiotics_for_ruminants?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/226172713_Continuous_lactic_acid_fermentation_with_concentrated_product_recovery_by_ultrafiltration_and_electrodialysis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/226172713_Continuous_lactic_acid_fermentation_with_concentrated_product_recovery_by_ultrafiltration_and_electrodialysis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/226172713_Continuous_lactic_acid_fermentation_with_concentrated_product_recovery_by_ultrafiltration_and_electrodialysis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222598668_High-concentration_cultivation_of_lactic_acid_bacteria_in_fermentor_with_cross_filtration?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222598668_High-concentration_cultivation_of_lactic_acid_bacteria_in_fermentor_with_cross_filtration?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222598668_High-concentration_cultivation_of_lactic_acid_bacteria_in_fermentor_with_cross_filtration?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/5251996_Highconcentration_cultivation_of_Lactoccus_cremoris_in_a_cell_recycle_reactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/5251996_Highconcentration_cultivation_of_Lactoccus_cremoris_in_a_cell_recycle_reactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/5251996_Highconcentration_cultivation_of_Lactoccus_cremoris_in_a_cell_recycle_reactor?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/227032043_Iron_requirement_and_search_for_Siderophores_in_Lactic-Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/227032043_Iron_requirement_and_search_for_Siderophores_in_Lactic-Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/227032043_Iron_requirement_and_search_for_Siderophores_in_Lactic-Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222208698_Performance_Improvement_of_Lactic_Acid_Fermentation_by_Multistage_Extractive_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222208698_Performance_Improvement_of_Lactic_Acid_Fermentation_by_Multistage_Extractive_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222208698_Performance_Improvement_of_Lactic_Acid_Fermentation_by_Multistage_Extractive_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/263459553_Lactic_acid_production_separation_andor_recovery_process?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/263459553_Lactic_acid_production_separation_andor_recovery_process?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/263459553_Lactic_acid_production_separation_andor_recovery_process?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/231227415_Optimal_Operation_Derived_by_Green's_Theorem_for_the_Cell-Recycle_Filter_Fermentation_Focusing_on_the_Efficient_Use_of_the_Medium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/231227415_Optimal_Operation_Derived_by_Green's_Theorem_for_the_Cell-Recycle_Filter_Fermentation_Focusing_on_the_Efficient_Use_of_the_Medium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/231227415_Optimal_Operation_Derived_by_Green's_Theorem_for_the_Cell-Recycle_Filter_Fermentation_Focusing_on_the_Efficient_Use_of_the_Medium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/272135683_Plastic_found_at_the_end_maize?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222215801_Effective_lactic-acid_production_by_2-stage_extraction_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222215801_Effective_lactic-acid_production_by_2-stage_extraction_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222215801_Effective_lactic-acid_production_by_2-stage_extraction_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/294651359_Separation_of_lactic_acid_from_fermented_broth_by_solvent_extraction?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/294651359_Separation_of_lactic_acid_from_fermented_broth_by_solvent_extraction?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/294651359_Separation_of_lactic_acid_from_fermented_broth_by_solvent_extraction?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==

S.K. Singh et al./Process Biochemistry 41 (2006) 991-1000 999

bacillus delbrueckii, Process Biochem, in press [corrected proof available
online].

[36] John RP, Nampoothiri KMN, Pandey A. L-(+)-lactic acid production using
Lactobacillus casei in solid-state fermentation. Biotechnol Lett
2005;27:1685-8.

[37] Pandey A. Solid-state fermentation. Biochem Eng J 2003;13(2/3):81-4.

[38] Pandey A. Recent process developments in solid-state fermentation.
Process Biochem 1992;27:109-16.

[39] Pandey A, Soccol CR, Mitchell D. New developments in solid-state
fermentation. Process Biochem 2000;35:1153-69.

[40] Visser J, Akkermans A, Hoekstra R, de Vos WM. Activity of insertion
sequence elements during growth and starvation in Lactococcus lactis.
Genetics 2004;168:1145-57.

[41] Mollet B, Knol J, Poolman B, Marciset O, Delley M. Directed genomic
integration, gene replacement, and integrative gene expression in Strep-
tococcus thermophilus. J Bacteriol 1993;175:4315-24.

[42] Maguin E, Prevost H, Ehrlich SD, Gruss A. Efficient insertional mutagen-
esis in lactococci and other gram-positive bacteria. J Bacteriol 1996;
178:931-5.

[43] Swindell SR, Benson KH, Griffin HG, Renault P, Ehrlich SD, Gasson M1J.
Genetic manipulation of the pathway for diacetyl metabolism in Lacto-
coccus lactis. Appl Environ Microbiol 1996;62:2641-3.

[44] Monnet C, Aymes F, Corrieu G. Diacetyl and alpha-acetolactate over-
production by Lactococcus lactis subsp. lactis biovar diacetylactis
mutants that are deficient in alpha-acetolactate decarboxylase and have
a low lactate dehydrogenase activity. Appl Environ Microbiol 2000;66:
5518-20.

[45] Daly C, Fitzgerald GF, Davis R. Biotechnology of lactic acid bacteria with
special reference to bacteriophage resistance. Antonie van Leeuwenhoek
1996,70:99-110.

[46] Le Blanc JG, Silvestroni A, Connes C, Juillard V, de Gioril GS, Piard JC,
et al. Reduction of non-digestible oligosaccharides in soymilk: application
of engineered lactic acid bacteria that produce a-galactosidase. Genet Mol
Res 2004;3:432—-40.

[47] Sybesma W, Starrenburg M, Kleerebezem M, Mierau I, de Vos WM,
Hugenholtz J. Increased production of folate by metabolic engineering of
Lactococcus lactis. Appl Environ Microbiol 2003;69:3069-76.

[48] Burgess C, O’Connell-Motherway M, Sybesma W, Hugenholtz J, van
Sinderen D. Riboflavin production in Lactococcus lactis: potential for in
situ production of vitamin-enriched foods. Appl Environ Microbiol
2004,70:5769-717.

[49] Aarnikunnas J, von Weyman N, Ronnholm K, Leizola M, Palva A.
Metabolic engineering of Lactobacillus fermentum for production of
mannitol and pure L-lactic acid or pyruvate. Biotechnol Bioeng
2003,82:653-63.

[50] Gaspar P, Neves AR, Ramos A, Gasson MJ, Shearman CA, Santos H.
Engineering Lactococcus lactis for production of mannitol: high yields
from food-grade strains deficient in lactate dehydrogenase and the man-
nitol transport system. Appl Environ Microbiol 2004;70:1466-74.

[51] Wisselink HW, Mars AE, van der Meer P, Eggink G, Hugenholtz J.
Metabolic engineering of mannitol production in Lactococcus lactis:
influence of overexpression of mannitol 1-phosphate dehydrogenase in
different genetic backgrounds. Appl Environ Microbiol 2004;70:4286-92.

[52] Luesink EJ, van Herpen REMA, Grossiord BP, Kuipers OP, de Vos WM.
Transcriptional activation of the glycolytic las operon and catabolite
repression of the gal operon in Lactococcus lactis are mediated by the
catabolite control protein CcpA. Mol Microbiol 1998;30:789-98.

[53] Neves AR, Ramos A, Costa H, van Swam II, Hugenholtz J, Kleerebezem
M, et al. Effect of different NADH oxidase levels on glucose metabolism
by Lactococcus lactis: Kinetics of intracellular metabolite pools deter-
mined by in vivo nuclear magnetic resonance. Appl Environ Microbiol
2002;68:6332-42.

[54] Solem C, Koebmann BJ, Jensen PR. Glyceraldehyde-3-phosphate dehy-
drogenase has no control over glycolytic flux in Lactococcus lactis
MG1363. J Bacteriol 2003;185:1564-71.

[55] Kuipers OP, de Ruyter PGGA, Kleerebezem M, de Vos WM. Quorum
sensing controlled gene expression in lactic acid bacteria. J Biotechnol
1998;64:15-21.

[56] Bolotin A, Wincker P, Mauger S, Jaillon O, Malarme K, Weissenbach J,
et al. The complete genome sequence of the lactic acid bacterium
Lactococcus lactis ssp. lactis 1L1403. Letter 2001;11:731-53 (Cold
Spring Harbor Laboratory Press).

[57] Kleerebezem M, Boekhorst J, van Kranenburg R, Molenaar D, Kuipers
OP, Leer R, et al. Complete genome sequence of Lactobacillus plantarum
WCFS1. PNAS (USA) 2003;100:1990-5.

[58] Garvie EI. Bacterial lactate dehydrogenases. Microbiol Rev 1980;44:106—
39.

[59] Duncan MJ, Hillman JD. DNA sequence and in vitro mutagenesis of the
gene encoding the fructose 1, 6-diphosphate dependent L-(+)-lactate
dehydrogenase of Streptococcus mutans. Infect Immun 1991;59:3930—
4.

[60] Kim SF, Baek SJ, Pack MY. Cloning and nucleotide sequence of the
Lactobacillus casei lactate dehydrogenase gene. Appl Environ Microbiol
1991;57:2413-7.

[61] Taguchi H, Ohta T. Cloning, sequencing, and expression in Escherichia
coli of the D-lactate dehydrogenase gene of Lactobacillus plantarum: D-
lactate dehydrogenase is a member of the D-isomer-specific 2-hydroxya-
cid-dehydrogenase family. J Biol Chem 1991;266:12588-94.

[62] Llanos RM, Hillier AJ, Davidson ABE. Cloning, nucleotide sequence,
expression, and chromosomal location of 1dh, the gene encoding L-(+)-
lactate dehydrogenase, from Lactococcus lactis. J Bacteriol 1992;
174:6956-64.

[63] Kochhar S, Hottinger H, Chuard N, Taylor PG, Atkinson T, Scawen MD,
et al. Cloning and overexpression of Lactobacillus helveticus D-lactate
dehydrogenase gene in Escherichia coli. Eur J Biochem 1992;208:799—
805.

[64] Savijoki K, Palva A. Molecular genetic characterization of the L-lactate
dehydrogenase gene (IdhL) of Lactobacillus helveticus and biochemical
characterization of the enzyme. Appl Environ Microbiol 1997;63:
2850-6.

[65] Weeks J, Yuksel GU. Molecular characterization of two lactate dehy-
drogenase genes with a novel structural organization on the genome
of Lactobacillus sp. strain MONT4. Appl Environ Microbiol 2004;
70:6290-5.

[66] Lee JH, Choi MH, Park JY, Kang HK, Ryu HW, Sunwo CS, et al. Cloning

and characterization of the lactate dehydrogenases from Lactobacillus sp.

RKY?2. Biotechnol Bioprocess Eng 2004;9:318-22.

van Niel Ed WJ, Palmfeldt J, Martin R, Paese M, Hahn-Hagerdal B.

Reappraisal of the regulation of lactococcal L-lactate dehydrogenase.

Appl Environ Microbiol 2004;70:1843-6.

[68] Bhowmik T, Steele JL. Cloning, characterization and insertional inactiva-
tion of the Lactobacillus helveticus p-(—)-lactate dehydrogenase. Appl
Microbiol Biotechnol 1994;41:432-9.

[69] Ferain T, Garmyn D, Bernard N, Hols P, Delcour J. Lactobacillus

plantarum IldhL gene: overexpression and deletion. J Bacteriol 1994;

176:596-601.

Davidson BE, Llanos RM, Cancilla MR, Redman NC, Hillier AJ. Current

research on the genetics of lactic acid production in lactic acid bacteria. Int

Dairy J 1995;5:763-84.

Adachi E, Mikiko T, Sugiyama M, Nikawa JI, Shimuzu K. Modification of

metabolic pathways of Saccharomyces cerevisiae by the expression of

lactate dehydrogenase and deletion of pyruvate decarboxylase genes for

the lactic acid fermentation at low pH value. J Ferment Bioeng 1998;

86:284-9.

[72] Porro D, Bianchi MM, Brambilla L, Menghini R, Bolzani D, Carrera V,

et al. Replacement of a metabolic pathway for large-scale production of

lactic acid from engineered yeasts. Appl Environ Microbiol 1999;65:

4211-5.

Nikkila KK, Hujanen M, Leisola M, Palva A. Metabolic engineering of

Lactobacillus helveticus CNRZ32 for production of pure L-(+)-lactic acid.

Appl Environ Microbiol 2000;669:3835-41.

[74] Skory CD. Isolation and expression of lactate dehydrogenase genes from
Rhizopus oryzae. Appl Environ Microbiol 2000;66:2343-8.

[75] Skory CD. Lactic acid production by Saccharomyces cerevisiae expres-
sing a Rhizopus oryzae lactate dehydrogenase gene. J Ind Microbiol
Biotechnol 2003;30:22-7.

[67

[70

[71

[73


https://www.researchgate.net/publication/21217744_DNA_sequence_and_in_vitro_mutagenesis_of_the_gene_encoding_the_fructose-16-diphosphate-dependent_L--lactate_dehydrogenase_of_Streptococcus_mutans?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21217744_DNA_sequence_and_in_vitro_mutagenesis_of_the_gene_encoding_the_fructose-16-diphosphate-dependent_L--lactate_dehydrogenase_of_Streptococcus_mutans?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21217744_DNA_sequence_and_in_vitro_mutagenesis_of_the_gene_encoding_the_fructose-16-diphosphate-dependent_L--lactate_dehydrogenase_of_Streptococcus_mutans?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21217744_DNA_sequence_and_in_vitro_mutagenesis_of_the_gene_encoding_the_fructose-16-diphosphate-dependent_L--lactate_dehydrogenase_of_Streptococcus_mutans?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21755958_Cloning_nucleotide_sequence_expression_and_chromosomal_location_of_ldh_the_gene_encoding_L--lactate_dehydrogenase_from_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21755958_Cloning_nucleotide_sequence_expression_and_chromosomal_location_of_ldh_the_gene_encoding_L--lactate_dehydrogenase_from_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21755958_Cloning_nucleotide_sequence_expression_and_chromosomal_location_of_ldh_the_gene_encoding_L--lactate_dehydrogenase_from_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21755958_Cloning_nucleotide_sequence_expression_and_chromosomal_location_of_ldh_the_gene_encoding_L--lactate_dehydrogenase_from_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21758398_Cloning_and_overexpression_of_Lactobacillus_helveticus_D-lactate_dehydrogenase_gene_in_Escherichia_coli?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21758398_Cloning_and_overexpression_of_Lactobacillus_helveticus_D-lactate_dehydrogenase_gene_in_Escherichia_coli?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21758398_Cloning_and_overexpression_of_Lactobacillus_helveticus_D-lactate_dehydrogenase_gene_in_Escherichia_coli?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21758398_Cloning_and_overexpression_of_Lactobacillus_helveticus_D-lactate_dehydrogenase_gene_in_Escherichia_coli?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12827475_Replacement_of_a_metabolic_pathway_for_large-scale_production_of_lactic_acid_from_engineered_yeasts?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12827475_Replacement_of_a_metabolic_pathway_for_large-scale_production_of_lactic_acid_from_engineered_yeasts?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12827475_Replacement_of_a_metabolic_pathway_for_large-scale_production_of_lactic_acid_from_engineered_yeasts?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12827475_Replacement_of_a_metabolic_pathway_for_large-scale_production_of_lactic_acid_from_engineered_yeasts?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12356486_Metabolic_Engineering_of_Lactobacillus_helveticus_CNRZ32_for_Production_of_Pure_L--Lactic_Acid?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12356486_Metabolic_Engineering_of_Lactobacillus_helveticus_CNRZ32_for_Production_of_Pure_L--Lactic_Acid?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12356486_Metabolic_Engineering_of_Lactobacillus_helveticus_CNRZ32_for_Production_of_Pure_L--Lactic_Acid?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/240176216_New_developments_in_solid-state_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/240176216_New_developments_in_solid-state_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8248189_Riboflavin_Production_in_Lactococcus_lactis_Potential_for_In_Situ_Production_of_Vitamin-Enriched_Foods?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8248189_Riboflavin_Production_in_Lactococcus_lactis_Potential_for_In_Situ_Production_of_Vitamin-Enriched_Foods?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8248189_Riboflavin_Production_in_Lactococcus_lactis_Potential_for_In_Situ_Production_of_Vitamin-Enriched_Foods?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8248189_Riboflavin_Production_in_Lactococcus_lactis_Potential_for_In_Situ_Production_of_Vitamin-Enriched_Foods?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7518329_L-Lactic_Acid_Production_Using_Lactobacillus_Casei_in_Solid-State_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7518329_L-Lactic_Acid_Production_Using_Lactobacillus_Casei_in_Solid-State_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7518329_L-Lactic_Acid_Production_Using_Lactobacillus_Casei_in_Solid-State_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11018347_Effect_of_Different_NADH_Oxidase_Levels_on_Glucose_Metabolism_by_Lactococcus_lactis_Kinetics_of_Intracellular_Metabolite_Pools_Determined_by_In_Vivo_Nuclear_Magnetic_Resonance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11018347_Effect_of_Different_NADH_Oxidase_Levels_on_Glucose_Metabolism_by_Lactococcus_lactis_Kinetics_of_Intracellular_Metabolite_Pools_Determined_by_In_Vivo_Nuclear_Magnetic_Resonance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11018347_Effect_of_Different_NADH_Oxidase_Levels_on_Glucose_Metabolism_by_Lactococcus_lactis_Kinetics_of_Intracellular_Metabolite_Pools_Determined_by_In_Vivo_Nuclear_Magnetic_Resonance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11018347_Effect_of_Different_NADH_Oxidase_Levels_on_Glucose_Metabolism_by_Lactococcus_lactis_Kinetics_of_Intracellular_Metabolite_Pools_Determined_by_In_Vivo_Nuclear_Magnetic_Resonance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11018347_Effect_of_Different_NADH_Oxidase_Levels_on_Glucose_Metabolism_by_Lactococcus_lactis_Kinetics_of_Intracellular_Metabolite_Pools_Determined_by_In_Vivo_Nuclear_Magnetic_Resonance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14422434_Genetic_manipulation_of_the_pathway_for_diacetyl_metabolism_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14422434_Genetic_manipulation_of_the_pathway_for_diacetyl_metabolism_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14422434_Genetic_manipulation_of_the_pathway_for_diacetyl_metabolism_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10895578_Glyceraldehyde-3-Phosphate_Dehydrogenase_Has_No_Control_over_Glycolytic_Flux_in_Lactococcus_lactis_MG1363?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10895578_Glyceraldehyde-3-Phosphate_Dehydrogenase_Has_No_Control_over_Glycolytic_Flux_in_Lactococcus_lactis_MG1363?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10895578_Glyceraldehyde-3-Phosphate_Dehydrogenase_Has_No_Control_over_Glycolytic_Flux_in_Lactococcus_lactis_MG1363?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10936214_Lactic_acid_production_by_Saccharomyces_cerevisiae_expressing_a_Rhizopus_oryzae_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10936214_Lactic_acid_production_by_Saccharomyces_cerevisiae_expressing_a_Rhizopus_oryzae_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10936214_Lactic_acid_production_by_Saccharomyces_cerevisiae_expressing_a_Rhizopus_oryzae_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/257555536_Solid-State_Fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10823289_Metabolic_engineering_of_Lactobacillus_fermentum_for_production_of_mannitol_and_pure_L-lactic_acid_or_pyruvate?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10823289_Metabolic_engineering_of_Lactobacillus_fermentum_for_production_of_mannitol_and_pure_L-lactic_acid_or_pyruvate?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10823289_Metabolic_engineering_of_Lactobacillus_fermentum_for_production_of_mannitol_and_pure_L-lactic_acid_or_pyruvate?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10823289_Metabolic_engineering_of_Lactobacillus_fermentum_for_production_of_mannitol_and_pure_L-lactic_acid_or_pyruvate?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8677981_Reappraisal_of_the_Regulation_of_Lactococcal_L-Lactate_Dehydrogenase?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8677981_Reappraisal_of_the_Regulation_of_Lactococcal_L-Lactate_Dehydrogenase?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8677981_Reappraisal_of_the_Regulation_of_Lactococcal_L-Lactate_Dehydrogenase?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223407803_Recent_developments_in_solid-state_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223407803_Recent_developments_in_solid-state_fermentation?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/16200761_Bacterial_Lactate_Dehydrogenases?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/16200761_Bacterial_Lactate_Dehydrogenases?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14897813_Lactobacillus_plantarum_ldhL_gene_Overexpression_and_deletion?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14897813_Lactobacillus_plantarum_ldhL_gene_Overexpression_and_deletion?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14897813_Lactobacillus_plantarum_ldhL_gene_Overexpression_and_deletion?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12487542_Isolation_and_Expression_of_Lactate_Dehydrogenase_Genes_from_Rhizopus_oryzae?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12487542_Isolation_and_Expression_of_Lactate_Dehydrogenase_Genes_from_Rhizopus_oryzae?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14007882_Molecular_genetic_characterization_of_the_L-lactate_dehydrogenase_gene_ldhL_of_Lactobacillus_helveticus_and_biochemical_characterization_of_the_enzyme?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14007882_Molecular_genetic_characterization_of_the_L-lactate_dehydrogenase_gene_ldhL_of_Lactobacillus_helveticus_and_biochemical_characterization_of_the_enzyme?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14007882_Molecular_genetic_characterization_of_the_L-lactate_dehydrogenase_gene_ldhL_of_Lactobacillus_helveticus_and_biochemical_characterization_of_the_enzyme?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14007882_Molecular_genetic_characterization_of_the_L-lactate_dehydrogenase_gene_ldhL_of_Lactobacillus_helveticus_and_biochemical_characterization_of_the_enzyme?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10723207_Increased_Production_of_Folate_by_Metabolic_Engineering_of_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10723207_Increased_Production_of_Folate_by_Metabolic_Engineering_of_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/10723207_Increased_Production_of_Folate_by_Metabolic_Engineering_of_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223538571_Current_research_on_the_genetics_of_lactic_acid_production_in_lactic_acid_bacteria_Int_Dairy_J_5763-784?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223538571_Current_research_on_the_genetics_of_lactic_acid_production_in_lactic_acid_bacteria_Int_Dairy_J_5763-784?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223538571_Current_research_on_the_genetics_of_lactic_acid_production_in_lactic_acid_bacteria_Int_Dairy_J_5763-784?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21314574_D-Lactate_dehydrogenase_is_a_member_of_the_D-isomer-specific_2-hydroxyacid_dehydrogenase_family-Cloning_sequencing_and_expression_in_Escherichia_coli_of_the_D-lactate_dehydrogenase_gene_of_Lactobacill?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21314574_D-Lactate_dehydrogenase_is_a_member_of_the_D-isomer-specific_2-hydroxyacid_dehydrogenase_family-Cloning_sequencing_and_expression_in_Escherichia_coli_of_the_D-lactate_dehydrogenase_gene_of_Lactobacill?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21314574_D-Lactate_dehydrogenase_is_a_member_of_the_D-isomer-specific_2-hydroxyacid_dehydrogenase_family-Cloning_sequencing_and_expression_in_Escherichia_coli_of_the_D-lactate_dehydrogenase_gene_of_Lactobacill?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21314574_D-Lactate_dehydrogenase_is_a_member_of_the_D-isomer-specific_2-hydroxyacid_dehydrogenase_family-Cloning_sequencing_and_expression_in_Escherichia_coli_of_the_D-lactate_dehydrogenase_gene_of_Lactobacill?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7746201_Engineering_Lactococcus_lactis_for_Production_of_Mannitol_High_Yields_from_Food-Grade_Strains_Deficient_in_Lactate_Dehydrogenase_and_the_Mannitol_Transport_System?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7746201_Engineering_Lactococcus_lactis_for_Production_of_Mannitol_High_Yields_from_Food-Grade_Strains_Deficient_in_Lactate_Dehydrogenase_and_the_Mannitol_Transport_System?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7746201_Engineering_Lactococcus_lactis_for_Production_of_Mannitol_High_Yields_from_Food-Grade_Strains_Deficient_in_Lactate_Dehydrogenase_and_the_Mannitol_Transport_System?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7746201_Engineering_Lactococcus_lactis_for_Production_of_Mannitol_High_Yields_from_Food-Grade_Strains_Deficient_in_Lactate_Dehydrogenase_and_the_Mannitol_Transport_System?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14328304_Biotechnology_of_lactic_acid_bacteria_with_special_reference_to_bacteriophage_resistance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14328304_Biotechnology_of_lactic_acid_bacteria_with_special_reference_to_bacteriophage_resistance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14328304_Biotechnology_of_lactic_acid_bacteria_with_special_reference_to_bacteriophage_resistance?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223497128_Modification_of_metabolic_pathways_of_Saccharomyces_cerevisiae_by_the_expression_of_lactate_dehydrogenase_and_deletion_of_pyruvate_decarboxylase_genes_for_the_lactic_acid_fermentation_at_low_pH_value?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223497128_Modification_of_metabolic_pathways_of_Saccharomyces_cerevisiae_by_the_expression_of_lactate_dehydrogenase_and_deletion_of_pyruvate_decarboxylase_genes_for_the_lactic_acid_fermentation_at_low_pH_value?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223497128_Modification_of_metabolic_pathways_of_Saccharomyces_cerevisiae_by_the_expression_of_lactate_dehydrogenase_and_deletion_of_pyruvate_decarboxylase_genes_for_the_lactic_acid_fermentation_at_low_pH_value?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223497128_Modification_of_metabolic_pathways_of_Saccharomyces_cerevisiae_by_the_expression_of_lactate_dehydrogenase_and_deletion_of_pyruvate_decarboxylase_genes_for_the_lactic_acid_fermentation_at_low_pH_value?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/223497128_Modification_of_metabolic_pathways_of_Saccharomyces_cerevisiae_by_the_expression_of_lactate_dehydrogenase_and_deletion_of_pyruvate_decarboxylase_genes_for_the_lactic_acid_fermentation_at_low_pH_value?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14649063_Efficient_insertional_mutagenesis_in_Lactococci_and_other_Gram-positive_bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14649063_Efficient_insertional_mutagenesis_in_Lactococci_and_other_Gram-positive_bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14649063_Efficient_insertional_mutagenesis_in_Lactococci_and_other_Gram-positive_bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12000552_The_Complete_Genome_Sequence_of_the_Lactic_Acid_Bacterium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12000552_The_Complete_Genome_Sequence_of_the_Lactic_Acid_Bacterium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12000552_The_Complete_Genome_Sequence_of_the_Lactic_Acid_Bacterium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/12000552_The_Complete_Genome_Sequence_of_the_Lactic_Acid_Bacterium?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8469460_Metabolic_Engineering_of_Mannitol_Production_in_Lactococcus_lactis_Influence_of_Overexpression_of_Mannitol_1-Phosphate_Dehydrogenase_in_Different_Genetic_Backgrounds?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8469460_Metabolic_Engineering_of_Mannitol_Production_in_Lactococcus_lactis_Influence_of_Overexpression_of_Mannitol_1-Phosphate_Dehydrogenase_in_Different_Genetic_Backgrounds?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8469460_Metabolic_Engineering_of_Mannitol_Production_in_Lactococcus_lactis_Influence_of_Overexpression_of_Mannitol_1-Phosphate_Dehydrogenase_in_Different_Genetic_Backgrounds?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8469460_Metabolic_Engineering_of_Mannitol_Production_in_Lactococcus_lactis_Influence_of_Overexpression_of_Mannitol_1-Phosphate_Dehydrogenase_in_Different_Genetic_Backgrounds?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14868364_Directed_genomic_integration_gene_replacement_and_integrative_gene_expression_in_Streptococcus_thermophilus?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14868364_Directed_genomic_integration_gene_replacement_and_integrative_gene_expression_in_Streptococcus_thermophilus?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/14868364_Directed_genomic_integration_gene_replacement_and_integrative_gene_expression_in_Streptococcus_thermophilus?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21387904_Cloning_and_nucleotide_sequence_of_the_Lactobacillus_casei_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21387904_Cloning_and_nucleotide_sequence_of_the_Lactobacillus_casei_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/21387904_Cloning_and_nucleotide_sequence_of_the_Lactobacillus_casei_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/13195814_Transcriptional_activation_of_the_glycolytic_las_operon_and_catabolite_repression_of_the_gal_operon_in_Lactococcus_lactis_are_mediated_by_the_catabolite_control_protein_CcpA_Mol_Microbiol_30_789-798?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/13195814_Transcriptional_activation_of_the_glycolytic_las_operon_and_catabolite_repression_of_the_gal_operon_in_Lactococcus_lactis_are_mediated_by_the_catabolite_control_protein_CcpA_Mol_Microbiol_30_789-798?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/13195814_Transcriptional_activation_of_the_glycolytic_las_operon_and_catabolite_repression_of_the_gal_operon_in_Lactococcus_lactis_are_mediated_by_the_catabolite_control_protein_CcpA_Mol_Microbiol_30_789-798?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/13195814_Transcriptional_activation_of_the_glycolytic_las_operon_and_catabolite_repression_of_the_gal_operon_in_Lactococcus_lactis_are_mediated_by_the_catabolite_control_protein_CcpA_Mol_Microbiol_30_789-798?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/284225971_Cloning_characterization_and_insertional_inactivation_of_the_Lactobacillus_helveticus_D_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/284225971_Cloning_characterization_and_insertional_inactivation_of_the_Lactobacillus_helveticus_D_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/284225971_Cloning_characterization_and_insertional_inactivation_of_the_Lactobacillus_helveticus_D_lactate_dehydrogenase_gene?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==

1000 S.K. Singh et al./Process Biochemistry 41 (2006) 991-1000

[76] Skory CD. Lactic acid production by Rhizopus oryzae transformants with
modified lactate dehydrogenase activity. Appl Microbiol Biotechnol
2004;64:237-42.

[77] Bai DM, Zhao XM, Li XG, Xub SM. Strain improvement of Rhizopus
oryzae for over-production of L-(+)-lactic acid and metabolic flux analysis
of mutants. Biochem Eng J 2004;18:41-8.

[78] van Maris AJA, Winkler AA, Porro D, van Dijken JP, Pronk JT.
Homofermentative lactate production cannot sustain anaerobic growth
of engineered Saccharomyces cerevisiae: possible consequence of
energy-dependent lactate export. Appl Environ Microbiol 2004;70:
2898-905.

[79] Saitoh S, Ishida N, Onishi T, Tokuhiro K, Nagamori E, Kitamoto K, et al.
Genetically engineered wine yeast produces a high concentration of L-(+)-
lactic acid of extremely high optical purity. Appl Environ Microbiol
2005;71:2789-92.

[80] Colombie S, Seblayrolles JM. Nicotinic acid controls lactate production
by KI1-LDH: a Saccharomyces cerevisiae strain expressing a bacterial
LDH gene. J Ind Microbiol Biotechnol 2004;31:209-15.

[81] Chen JD, Morrison DA. Cloning of Streptococcus pneumoniae DNA
fragments in Escherichia coli requires vectors protected by strong tran-
scriptional terminators. Gene 1987;55:179-87.

[82] Simon D, Chopin A. Construction of a vector plasmid family and its
use for molecular cloning in Streptococcus lactis. Biochimie 1988;70:
559-66.

[83] Josson K, Scheirlinck T, Michiels F, Platteeum C, Stanssens P, Joos H,
et al. Characterization of a Gram-positive broad host range plasmid
isolated from Lactobacillus hilgardii. Plasmid 1989;21:9-20.

[84] Bryan EM, Bae T, Kleerebezem M, Dunny GM. Improved vectors for nisin-
controlled expression in Gram-positive bacteria. Plasmid 2000;44:183-90.

[85] Bron PA, Benchimol MG, Lambert J, Palumbo E, Deghorain M, Delcour J,
et al. Use of the alr gene as a food grade selection marker in lactic acid
bacteria. Appl Environ Microbiol 2002;68:5663-70.

[86] Bron PA, Sally MH, Iris I, Swam V, de Vos WM, Kleerebezem M.
Selection and characterization of conditionally active promoters in Lac-
tobacillus plantarum, using Alanine racemase as a promoter probe. Appl
Environ Microbiol 2004;70:310-7.

[87] Llull D, Poquet I. New expression system tightly controlled by zinc
availability in Lactococcus lactis. Appl Environ Microbiol 2004;70:5398—
406.

[88] Leenhouts KJ, Venema G. Lactococcal plasmid vectors. In: Hardy KG,
editor. Plasmids: a practical approach. New York: Oxford University
Press; 1993. p. 65-94.

[89] de Vos WM, Simons G. Gene cloning and expression systems in lactococci.
In: Gasson MJ, de Vos WM, editors. Genetics and biotechnology of lactic
acid bacteria. Glasgow, UK: Chapman & Hall; 1994 p. 52-105.

[90] Pouwels PH, Leer RJ. Genetics of Lactobacilli. Plasmids and gene
expression. Antonie van Leeuwenhoek 1993;64:85-107.

[91] Mercenier A, Muller-Alouf H, Grangette C. Lactic acid bacteria as live
vaccines. Curr Issues Mol Biol 2000;2:7-25.

[92] de Vos WM. Gene cloning and expression in lactic streptococci. FEMS
Microbiol Rev 1987;46:281-95.

[93] Dao ML, Ferretti 1J. Streptococcus—Escherichia coli shuttle vector pSA3
and its use in the cloning of streptococcal genes. Appl Environ Microbiol
1985;49:115-9.


https://www.researchgate.net/publication/19844196_Cloning_of_Streptococcus_pneumoniae_DNA_fragments_in_E_coli_requires_vectors_protected_by_strong_transcriptional_terminators?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/19844196_Cloning_of_Streptococcus_pneumoniae_DNA_fragments_in_E_coli_requires_vectors_protected_by_strong_transcriptional_terminators?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/19844196_Cloning_of_Streptococcus_pneumoniae_DNA_fragments_in_E_coli_requires_vectors_protected_by_strong_transcriptional_terminators?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20312549_Construction_of_a_vector_plasmid_family_and_its_use_for_molecular_cloning_in_Streptococcus_lactis_Biochimie_70_559-566?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20312549_Construction_of_a_vector_plasmid_family_and_its_use_for_molecular_cloning_in_Streptococcus_lactis_Biochimie_70_559-566?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20312549_Construction_of_a_vector_plasmid_family_and_its_use_for_molecular_cloning_in_Streptococcus_lactis_Biochimie_70_559-566?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8655061_Use_of_the_alr_Gene_as_a_Food-Grade_Selection_Marker_in_Lactic_Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8655061_Use_of_the_alr_Gene_as_a_Food-Grade_Selection_Marker_in_Lactic_Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8655061_Use_of_the_alr_Gene_as_a_Food-Grade_Selection_Marker_in_Lactic_Acid_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/15106112_Genetics_of_lactobacilli_plasmids_and_gene_expression_Antonie_Van_Leeuwenhoek_64_85-107?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/15106112_Genetics_of_lactobacilli_plasmids_and_gene_expression_Antonie_Van_Leeuwenhoek_64_85-107?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11877198_Lactic_acid_bacteria_as_live_vaccines?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/11877198_Lactic_acid_bacteria_as_live_vaccines?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222794666_Gene_cloning_and_expression_in_lactic_streptococci_FEMS_Microbiol_Rev?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/222794666_Gene_cloning_and_expression_in_lactic_streptococci_FEMS_Microbiol_Rev?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/19277836_Streptococcus-E_coli_shuttle_vector_pSA3_and_its_use_in_the_cloning_of_streptococcal_genes?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/19277836_Streptococcus-E_coli_shuttle_vector_pSA3_and_its_use_in_the_cloning_of_streptococcal_genes?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/19277836_Streptococcus-E_coli_shuttle_vector_pSA3_and_its_use_in_the_cloning_of_streptococcal_genes?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20429383_Characterization_of_a_Gram-positive_broad-host-range_plasmid_isolated_from_Lactobacillus_hilgardii?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20429383_Characterization_of_a_Gram-positive_broad-host-range_plasmid_isolated_from_Lactobacillus_hilgardii?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/20429383_Characterization_of_a_Gram-positive_broad-host-range_plasmid_isolated_from_Lactobacillus_hilgardii?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8928292_Selection_and_Characterization_of_Conditionally_Active_Promoters_in_Lactobacillus_plantarum_Using_Alanine_Racemase_as_a_Promoter_Probe?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8928292_Selection_and_Characterization_of_Conditionally_Active_Promoters_in_Lactobacillus_plantarum_Using_Alanine_Racemase_as_a_Promoter_Probe?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8928292_Selection_and_Characterization_of_Conditionally_Active_Promoters_in_Lactobacillus_plantarum_Using_Alanine_Racemase_as_a_Promoter_Probe?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8928292_Selection_and_Characterization_of_Conditionally_Active_Promoters_in_Lactobacillus_plantarum_Using_Alanine_Racemase_as_a_Promoter_Probe?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/9003565_Lactic_acid_production_by_Rhizopus_oryzae_transformants_with_modified_lactate_dehydrogenase_activity_Appl_Microbiol_Biotechnol?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/9003565_Lactic_acid_production_by_Rhizopus_oryzae_transformants_with_modified_lactate_dehydrogenase_activity_Appl_Microbiol_Biotechnol?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/9003565_Lactic_acid_production_by_Rhizopus_oryzae_transformants_with_modified_lactate_dehydrogenase_activity_Appl_Microbiol_Biotechnol?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8576218_Homofermentative_Lactate_Production_Cannot_Sustain_Anaerobic_Growth_of_Engineered_Saccharomyces_cerevisiae_Possible_Consequence_of_Energy-Dependent_Lactate_Export?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8576218_Homofermentative_Lactate_Production_Cannot_Sustain_Anaerobic_Growth_of_Engineered_Saccharomyces_cerevisiae_Possible_Consequence_of_Energy-Dependent_Lactate_Export?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8576218_Homofermentative_Lactate_Production_Cannot_Sustain_Anaerobic_Growth_of_Engineered_Saccharomyces_cerevisiae_Possible_Consequence_of_Energy-Dependent_Lactate_Export?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8576218_Homofermentative_Lactate_Production_Cannot_Sustain_Anaerobic_Growth_of_Engineered_Saccharomyces_cerevisiae_Possible_Consequence_of_Energy-Dependent_Lactate_Export?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8576218_Homofermentative_Lactate_Production_Cannot_Sustain_Anaerobic_Growth_of_Engineered_Saccharomyces_cerevisiae_Possible_Consequence_of_Energy-Dependent_Lactate_Export?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8368624_New_Expression_System_Tightly_Controlled_by_Zinc_Availability_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8368624_New_Expression_System_Tightly_Controlled_by_Zinc_Availability_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/8368624_New_Expression_System_Tightly_Controlled_by_Zinc_Availability_in_Lactococcus_lactis?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7868776_Genetically_Engineered_Wine_Yeast_Produces_a_High_Concentration_of_L-Lactic_Acid_of_Extremely_High_Optical_Purity?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7868776_Genetically_Engineered_Wine_Yeast_Produces_a_High_Concentration_of_L-Lactic_Acid_of_Extremely_High_Optical_Purity?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7868776_Genetically_Engineered_Wine_Yeast_Produces_a_High_Concentration_of_L-Lactic_Acid_of_Extremely_High_Optical_Purity?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/7868776_Genetically_Engineered_Wine_Yeast_Produces_a_High_Concentration_of_L-Lactic_Acid_of_Extremely_High_Optical_Purity?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/256976918_Improved_Vectors_for_Nisin-Controlled_Expression_in_Gram-Positive_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==
https://www.researchgate.net/publication/256976918_Improved_Vectors_for_Nisin-Controlled_Expression_in_Gram-Positive_Bacteria?el=1_x_8&enrichId=rgreq-792d9d54-5763-436b-b968-6d5a5cb69711&enrichSource=Y292ZXJQYWdlOzIyMzg5ODA5MDtBUzoxMDMwMDQyOTY0NTAwNjFAMTQwMTU2OTU0NjQ4OA==

