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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of microbiology, specifically the field of production of a
dairy food product using fermentation and the field of gene transfer by conjugation.

BACKGROUND OF THE INVENTION

[0002] Lactic acid bacteria (LAB) are gram-positive bacteria that are generally regarded as safe and they
are used extensively in food and feed fermentations. They are also found on mucosal surfaces of humans
and animals (34, 37). One of the dominant features during fermentation processes with LABs is that they
produce lactic acid as the main metabolic end product and this leads to rapid acidification and hence
preservation of the fermented material. An additional functionality of many strains is the production of
volatile metabolites that are important flavour compounds (51 - 53). In fermentation the bacteria can also
play a significant role in altering textural properties of the material through e.g. proteolytic activity or the
production of extracellular polysaccharides (50).

[0003] In general the structure of fermented dairy products is very complex, consisting of caseins, whey
proteins, fat droplets, serum or whey pockets, minerals, salts and microorganisms. Herein, we refer to
such structure as the matrix. In such a matrix interactions between milk components and their functionality
are studied extensively (14, 24, 31, 35, 46). For example, the rheological properties of a milk gel depend
on the size and number of fat droplets and the nature of available emulsifiers (43). If the matrix is
stabilized by low molecular weight surfactants, then the milk gel is weak and has a high meltability, the
extent to which gel flows and spreads upon heating, because the surface of fat droplets is smooth and
non-interactive. However, if fat droplets are stabilized by whey proteins, then the milk gel is strong and has
a low meltability because protein-protein cross-linking interactions are formed between emulsified fat
droplets. Other interactions in the food matrix can be hydrophobic (30), electrostatic (11), hydrogen
bonding (64), Van der Waals, depletion interaction (59), steric repulsion (16) and salt bridges (5).

[0004] In contrast to interactions between the milk components themselves very little is known about so
called microbe-matrix interactions which describe the interaction between lactic acid bacteria and matrix
components of the fermented products (7-10, 47).

[0005] Interactions between microorganisms and milk components occur via surface properties of both
particles. Bacteria as well as matrix components have a charge and hydrophobicity. The surface
properties of bacteria are determined by molecular composition of its cell wall, which can be decorated
with (lipo-) teichoic acids, proteins, pili, or (exo/capsular)polysaccharides (EPS/CPS) (13, 22, 45).

[0006] Bacterial strains with pilin gene clusters are known from Meyrand et al. (45), Oxaran et al. (132)
and Reunanen et al (134). Gasson et al. (19) describe plasmid complements of Streptococcus lactis
NCDO 712 and other lactic Streptococci after protoplast-induced curing. The molecular composition of the
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cell wall has a significant impact on the roughness of the bacterial surface, on bacterial chaining and on
cell aggregation. These properties govern the interactions between bacteria and the food matrix (7, 41). A
well-studied example of a change in textural properties is the production of EPS by the bacterial culture
used for the fermentation. EPS are hydrocolloids that can bind high amounts of water, increasing water
holding capacity in protein-free pores of the fermented milk matrix. This leads to an increase in milk
viscosity and it reduces syneresis (2, 26, 48). Additionally, the charge, stiffness and linearity of EPS
molecules impact on rheological and physical properties of the fermented milk matrix. EPS modification by
partial removal of side groups leads to its reduced efficiency as thickener (58). Besides the role of EPS on
textural properties of fermented milk little is known about the influence of bacterial surface properties on
interactions with the matrix and its functional consequences on flavour and texture.

SUMMARY OF THE INVENTION

[0007] In an aspect, the invention provides for a dairy bacterial strain with clumping and/or chaining
properties, preferably when cultured under liquid conditions, preferably without a substantial amount of a
clumping agent, wherein the clumping property results in clumps of at least 20 bacteria per average clump
and wherein the chaining property results in chains of at least 8 bacteria per average chain_and wherein
said strain comprises an increased amount of expression product of a pilin gene cluster, such expression
product comprising pilin, and wherein the amount of expression product is increased in view of
Lactococcus lactis subsp cremoris NCDO712 when cultured under identical conditions and wherein the
pilin gene cluster has a nucleotide sequence that has at least 90% sequence identity with SEQ ID NO: 1
and wherein said dairy bacterial strain is a lactic acid bacterial strain.

[0008] Further described is a method for the production of a dairy bacterial strain according to the
invention, comprising:

* culturing a precursor dairy bacterial strain under conditions that are conducive to the development
of clumping and/or chaining properties and, optionally, isolating a dairy bacterial strain according to
the invention.

[0009] Further described is a dairy bacterial strain obtainable by a method according to the invention. In a
further aspect, the invention provides for a composition comprising a dairy bacterial strain according to the
invention.

[0010] In a further aspect, the invention provides for a method for the production of a food product,
preferably a dairy food product, more preferably a fermented milk product, from a precursor food product
comprising inoculating the precursor food product with a strain according to the invention or with a
composition according to the invention and incubating the inoculated precursor food product.

[0011] Further described is a food product, preferably a dairy food product, obtainable by the method
according to the invention.

[0012] In a further aspect, the invention provides for a food product, preferably a dairy food product,
comprising a dairy bacterial strain according to the invention.

[0013] In a further aspect, the invention provides for the use of a dairy bacterial strain according to the
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invention, or of a composition according to the invention for the preparation of a food product, preferably a
dairy food product.

[0014] In a further aspect, the invention provides for a bacterial strain comprising an increased amount of
expression product of a pilin gene cluster, wherein the amount of expression product is increased in view
of Lactococcus lactis subsp cremoris NCDO712_and wherein the pilin gene cluster has a nucleotide
sequence that has at least 90% percentage sequence identity with SEQ ID NO: 1.

[0015] In a further aspect, the invention provides for a method for gene transfer by conjugation
comprising, providing a composition comprising at least one bacterial strain according to the invention and
incubating the composition under conditions conducive to conjugation.

[0016] In a further aspect, the invention provides for a method for the production of a desired bacterial
strain comprising a genetic trait of interest, comprising providing a composition comprising:

e a precursor of the desired bacterial strain, wherein the precursor lacks the genetic trait of interest,
and

* a donor bacterial strain comprising the genetic trait of interest,
incubating the composition under conditions conducive to conjugation, and optionally isolating the
desired bacterial strain comprising the genetic trait of interest, wherein at least one bacterial strain
in the composition comprises a pilin gene cluster, wherein the pilin gene cluster has a nucleotide
sequence that has at least 90% percentage sequence identity with SEQ ID NO: 1.

[0017] Further described is a bacterial strain comprising a genetic trait of interest obtainable by a method
according to the invention

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present inventors have found a novel gene cluster that encodes pilin structures. These pilin
structures surprisingly enhance conjugation efficiency and provide texturing properties to the bacteria
expressing the pili gene cluster. Accordingly, in a first aspect the present invention provides for a dairy
bacterial strain with clumping and/or chaining properties, preferably when cultured under liquid conditions,
preferably without substantial amounts of a clumping agent, wherein the clumping property results in
clumps of at least 20 bacteria per average clump and wherein the chaining property results in chains of at
least 8 bacteria per average chain and wherein said strain comprises an increased amount of expression
product of a pilin gene cluster, such expression product comprising pilin, and wherein the amount of
expression product is increased in view of Lactococcus lactis subsp cremoris NCDO712 when cultured
under identical conditions and wherein the pilin gene cluster has a nucleotide sequence that has at least
90% sequence identity with SEQ ID NO: 1 and wherein said dairy bacterial strain is a lactic acid bacterial
strain. Said bacterial strain is herein referred to as a dairy bacterial strain or a bacterial strain according to
the invention; individual bacteria from such strain are herein referred to as bacteria according to the
invention.

[0019] The term "dairy bacterial strain" is herein defined as any bacterial strain that is suitable for use in a
dairy product and/or in the production of a dairy product. Dairy products are known to the person skilled in
the art; preferred dairy products are the dairy products described elsewhere herein. The terms "culturing"
and "fermenting" are herein used interchangeably. The term "clumping" is herein defined as the
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aggregation under liquid conditions of bacteria according to the invention into a single aggregate or clump
(said terms are used interchangeably herein) comprising twenty bacteria or more. Preferably, the average
aggregate or clump comprises at least 20, at least 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, or at least 100 bacteria according to the invention. Preferably, the average aggregate or clump
comprises between 20 and 100 bacteria according to the invention, more preferably between 40 and 60
bacteria according to the invention. The term "chaining" is herein defined as the arrangement of a number
of bacterial cells according to the invention into a chain or chord-like structure. Preferably, the average
chain comprises at least 8, at least 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or
at least 100 bacteria according to the invention. Preferably, the average chain comprises between 8 and
60 bacteria according to the invention. Preferably, at least 10%, at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or at least 95% of the bacteria according to the invention are part of a clump or chain. In the
invention, the clumping and/or chaining properties of the bacteria according to the invention are intrinsic
properties of a bacterial strain according to the invention; said properties are present without the induction
by an external agent. An external clumping agent is ethanol or salts such as ammonium sulfate. The term
"without substantial amounts of a clumping agent" means that such agent is not present in an amount that
would induce clumping of bacteria according to the invention. Preferably, less than 10%, less than 5%, 4%,
3%, 2%, 1%, 0.5%, or most preferably less than 0.1% of clumping agent is present. In case of ethanol,
preferably less than 5%, less than 4%, 3%, 2%, 1%, 0.5%, or most preferably less than 0.1% (v/v) ethanol
is present. In case of ammonium sulfate, preferably less than 2M, less than 1M, 0.5M, 0.4M, 0.3M, 0.2M,
or most preferably less than 0.1M is present.

[0020] Preferably, a dairy bacterial strain according to the invention, comprises an increased amount of
expression product of a pilin gene cluster. Expression is herein understood to include any step involved in
the production of a polypeptide including, but not limited to transcription, post-transcriptional modification,
translation, post-translational modification, and secretion. Accordingly, an expression product is herein
defined as any product within the process of expression, including preRNA, mRNA, pre-polypeptide and
mature polypeptide. A preferred expression product is a mature polypeptide, more preferably a cluster of
polypeptides arranged in the form of a pilin. The pilin gene cluster is a cluster of genes which final
expression product is a pilin and may comprise several different genes, such as a sortase gene and one
or more genes encoding one or more respective pilin subunits. The pilin cluster is preferably organized
into a single operon. Preferably, the amount of expression product of the pilin cluster is increased in view
of the expression of said pilin cluster in Lactococcus lactis subsp cremoris NCDO712 when cultured and
assayed under identical conditions. The person skilled in the art knows how to determine the amount of
expression product. Methods for determining the amount of expression product (expression level) include,
but are not limited to, measurement of (m)RNA using Northern blot or (quantitative) PCR and
measurement of protein using Western blot or another immune-based assay. Also within the scope of the
present invention is a dairy bacterial strain derived from a parental strain wherein the expression of a pilin
cluster is higher in the derived strain as compared to the parental strain, such that the clumping and/or
chaining properties of the derived strain are higher as compared to the parental strain. Such strain may be
derived by recombinant techniques or by classical techniques such as mutagenesis, preferably followed
by screening for a mutant strain comprising the desired properties.

[0021] In an embodiment, the dairy bacterial strain according to the invention is a dairy bacterial strain
with clumping and/or chaining properties wherein the clumping property results in clumps of at least 20
bacteria per average clump and wherein the chaining property results in chains of at least 8 bacteria per
average chain, and comprising increased amount of expression product of a pilin gene cluster.

[0022] In an embodiment, the dairy bacterial strain according to the invention is a dairy bacterial strain
with clumping and/or chaining properties wherein the clumping property results in clumps of at least 20
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bacteria per average clump and wherein the chaining property results in chains of at least 8 bacteria per
average chain, wherein the amount of expression product is increased in view of Lactococcus lactis subsp
cremoris NCDO712 when cultured under identical conditions. In an embodiment, the dairy bacterial strain
according to the invention is a dairy bacterial strain with clumping and/or chaining properties , wherein the
clumping property results in clumps of at least 20 bacteria per average clump and wherein the chaining
property results in chains of at least 8 bacteria per average chain, wherein the pilin gene cluster has a
nucleotide sequence that has at least 30% sequence identity with SEQ ID NO: 1, or a part thereof.

[0023] In a preferred dairy bacterial strain according to the invention, the pilin gene cluster has a
nucleotide sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or most
preferably at least 100% sequence identity with SEQ ID NO: 1, or a part thereof. "Sequence identity" is
herein defined as a relationship between two or more amino acid (polypeptide or protein) sequences or
two or more nucleic acid (nucleotide, polynucleotide) sequences, as determined by comparing the
sequences. In the art, "identity" also means the degree of sequence relatedness between amino acid or
nucleic acid sequences, as the case may be, as determined by the match between strings of such
sequences "ldentity" can be readily calculated by known methods, including but not limited to those
described in (Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988;
Biocomputing: Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part |, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heine, G., Academic Press, 1987, and
Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991; and
Carillo, H., and Lipman, D., SIAM J. Applied Math., 48:1073 (1988).

[0024] Preferred methods to determine identity are designed to give the largest match between the
sequences tested. Methods to determine identity and similarity are codified in publicly available computer
programs. Preferred computer program methods to determine identity and similarity between two
sequences include e.g. the GCG program package (Devereux et al., 1984). BestFit, BLASTP, BLASTN,
and FASTA (Altschul, et al., 1990). The BLAST X program is publicly available from NCBI and other
sources (BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, MD 20894). The well-known Smith
Waterman algorithm may also be used to determine identity.

[0025] Preferred parameters for polypeptide sequence comparison include the following: Algorithm:
Needleman and Wunsch (1970); Comparison matrix: BLOSSUM62 from Hentikoff and Hentikoff (1992);
Gap Penalty: 12; and Gap Length Penalty: 4. A program useful with these parameters is publicly available
as the "Ogap" program from Genetics Computer Group, located in Madison, WI. The aforementioned
parameters are the default parameters for amino acid comparisons (along with no penalty for end gaps).

[0026] Preferred parameters for nucleic acid comparison include the following: Algorithm: Needleman and
Wunsch, J. Mol. Biol. 48:443-453 (1970); Comparison matrix. matches=+10, mismatch=0; Gap Penalty:
50; Gap Length Penalty: 3. Available as the Gap program from Genetics Computer Group, located in
Madison, Wis. Given above are the default parameters for nucleic acid comparisons.

[0027] Optionally, in determining the degree of amino acid similarity, the skilled person may also take into
account so-called "conservative" amino acid substitutions, as will be clear to the skilled person.
Conservative amino acid substitutions refer to the interchangeability of residues having similar side chains.
For example, a group of amino acids having aliphatic side chains is glycine, alanine, valine, leucine, and
isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is serine and threonine; a group
of amino acids having amide-containing side chains is asparagine and glutamine; a group of amino acids
having aromatic side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having



DK/EP 3430173 T3

basic side chains is lysine, arginine, and histidine; and a group of amino acids having sulphur-containing
side chains is cysteine and methionine. Preferred conservative amino acids substitution groups are:
valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and asparagine-
glutamine. Substitutional variants of the amino acid sequence disclosed herein are those in which at least
one residue in the disclosed sequences has been removed and a different residue inserted in its place.
Preferably, the amino acid change is conservative. Preferred conservative substitutions for each of the
naturally occurring amino acids are as follows: Ala to ser; Arg to lys; Asn to gln or his; Asp to glu; Cys to
ser or ala; GIn to asn; Glu to asp; Gly to pro; His to asn or gln; lle to leu or val; Leu to ile or val; Lys to arg;
gln or glu; Met to leu or ile; Phe to met, leu or tyr;, Ser to thr; Thr to ser; Trp to tyr; Tyr to trp or phe; and,
Val to ile or leu. Preferably, sequence identity is determined by comparing the whole length of a sequence
as identified herein.

[0028] A dairy bacterial strain according to the invention may be any suitable dairy bacterial strain known
to the person skilled in the art. A preferred dairy bacterial strain is a lactic acid bacterial strain. Lactic acid
bacteria are known to the person skilled in the art and are preferably defined as Gram positive, non-
spore-forming, anaerobic, catalase negative cocci or rods, forming lactic acid as an end product of their
carbohydrate metabolism. Lactic acid bacteria include, but are not limited to, bacterial strains selected
from the group consisting of the genera of Lactobacillus, Lactococcus, Leuconostoc, Carnobacterium,
Streptococcus, Bifidobacterium, Bacteroides, Eubacterium, Clostridium, Fusobacterium,
Propionibacterium, Enterococcus, Staphylococcus, Peptostreptococcus, and Escherichia, preferably
consisting of Lactobacillus and Bifidobacterium. Preferred species of Lactobacillus, Bifidobacterium,
Streptococcus, Leuconostoc and Pediococcus. are Lactobacillus reuteri, L. fermentum, L. acidophilus, L.
crispatus, L. gasseri, L. johnsonii, L. plantarum, L. paracasei, L. murinus, L. jensenii, L. salivarius, L.
minutis, L. brevis, L. gallinarum, L. amylovorus, Streptococcus thermophilus, Leuconostoc mesenteroides,
Pediococcus damnosus, P acidilactici, P parvulus, Bifidobacterium bifidum, B. longum, B. infantis, B.
breve, B. adolescente, B. animalis, B. gallinarum, B. magnum, and B. thermophilum. A more preferred
dairy bacterial strain according to the invention is a Lactococcus strain, more preferably a Lactococcus
lactis strain, even more preferably a Lactococcus factis subsp. lactis strain or a Lactococcus lactis subsp.
cremoris strain.

[0029] The dairy bacterial strain according to the invention with its specific clumping and/or chaining
properties when cultured under liquid conditions preferably has the capacity to texturize milk, such as but
not limited to, the capacity to increase viscosity when cultured in milk and capacity to increase stress to
shearing when cultured in milk. A further preferred property of the dairy bacterial strain according to the
invention is that it influences the bacterial localization in cheese. A dairy bacterial strain according to the
invention has the property that an increased fraction of bacteria remain in curd during cheese making.
Fifty percent to 80% of bacterial strains that are not the bacterial strain according to the invention typically
remains in the curd. With a the dairy bacterial strain according to the invention, the percentage bacteria in
the curd can be increased to at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least
99%. Accordingly, the dairy bacterial strain according to the invention preferably has the capacity to
increase the fraction of bacteria that remain in curd during cheese making. The cheese can be any
cheese and preferably is a cheese as defined herein below. The percentage bacteria that remain in the
curd is preferably increased to at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least
99%. Preferably, the fraction of bacteria that remain in the curd is increased by at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or to at least 100% as compared to the fraction of bacteria that remain
in the curd when using a bacterial strain that is not a bacterial strain according to the invention.

[0030] The person skilled in the art knows how dairy bacterial strains can texturize milk, an example is the
thickening of milk when producing yoghurt, thus increasing viscosity. A further example is the gel strength,
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also called gel hardness of fermented milk, such as of yoghurt and cheese. Preferably, the texturizing
capacity of a dairy bacterial strain according to the invention is higher than the texturizing capacity of
Lactococcus lactis subsp cremoris NCDO712 when cultured and assayed under identical conditions.

[0031] When the dairy bacterial strain according to the invention is a dairy bacterial strain derived from a
parental strain such as defined previously herein, the texturizing capacity of said derived strain is
preferably compared to the texturizing capacity of the parental strain; the texturizing capacity of the
derived bacterial strain preferably being higher than the texturizing capacity of the parental bacterial
strain. Higher texturizing capacity preferably is at least 10%, at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, 200%, 300%, 400%, 500%, or at least 1000% higher respective texturizing capacity.

[0032] It is understood that replicates of a diary bacterial strain according to the invention are
encompassed by the invention. The term "replicate" refers to the biological material that represents a
substantially unmodified copy of the material, such as material produced by growth of micro-organisms,
e.g. growth of bacteria in a culture medium.

[0033] A method is described for the production of a dairy bacterial strain according to the invention,
comprising:

« culturing a precursor dairy bacterial strain under conditions that are conducive to the development
of clumping and/or chaining properties and, optionally, screening for a dairy bacterial strain
according to the invention and/or isolating a dairy bacterial strain according to the invention.
Preferably, the clumping and/or chaining properties of the dairy bacterial strain obtained by the
method are kept for at least 5, at least 10, 15, 20, 25, 30, 35, 40, 45, or at least 50 generations,
allowing e.g. the dairy bacterial strain with the clumping and chaining properties to be used as a
starter strain for the production of a dairy food product. Preferably, the clumping and/or chaining
properties of the dairy bacterial strain obtained by the method are (also) kept during storage such
as cold storage (between 0 and 4 degrees Celsius), storage at room temperature and longer term
storage in freeze dried, frozen or liquid suspension state. The conditions to be applied to provide
the clumping and/or chaining properties to the dairy bacterial strain may be any condition available
to the person skilled in the art. Preferably, such condition comprises at least one of mutating the
dairy bacterial strain, preferably by chemical treatment, radiation treatment and/or recombinant
treatment. Such method is preferably followed by screening for and/or isolating a dairy bacterial
strain according to the invention. The person skilled in the art knows classical mutagenesis methods
using e.g. chemical treatment and/or radiation treatment. As an example such method comprises
providing a dairy bacterial strain, subjecting such strain to mutagenesis by chemical treatment
and/or radiation treatment and screening for a dairy bacterial strain according to the invention.
When the method is a recombinant method, it preferably comprises bringing a pilin gene cluster, or
a part thereof, to overexpression in a dairy bacterial strain, so as to provide the clumping and/or
chaining properties according to the invention said dairy bacterial strain. Methods for
overexpressing a gene cluster, or a part thereof, are known to the person skilled in the art. The
invention further provides for a dairy bacterial strain obtainable by the method of this aspect of the
invention.

[0034] In a further aspect, the invention provides for a composition comprising a dairy bacterial strain
according to the invention. Such composition may or may not be a kit of parts. Such composition is herein
referred to as a composition according to the invention. Such composition may be any useful composition,
it may e.g. be a food product, food-grade substance or a formulation and may be in any form or state of
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constitution known to the person skilled in the art. Preferably, in a composition according to the invention,
the concentration of bacteria according to the invention ranges from about 1 E-8 weight percent 1 to about
1 weight percent, more preferably from about 5 E-8 to about 0.9 weight percent, more preferably from
about 5 E-8 to about 0.8, more preferably from about SE-8 to about 0.7, more preferably from about 5 E-8
to about 0.6, more preferably from about 1 E-7, 2 E-7, 3 E-7 or 4 E-7 to about 5 E-7 weight percent with
respect to the total weight of the formulation, and/or about 1 E+4, 1 E+5, or 1 E+6 to about 1 E+8, 1 E+9,
or about 1 E+10 colony forming units/ml of composition, even more preferably about 1 E+6 to about 1
E+10 colony forming units/ml of composition.

[0035] More preferably, in a composition according to the invention, the concentration of bacteria
according to the invention ranges from 1 E-8 weight percent 1 to 1 weight percent, more preferably from 5
E-8 to 0.9 weight percent, more preferably from 5 E-8 to 0.8, more preferably from 5E-8 to 0.7, more
preferably from 5 E-8 to 0.6, more preferably from 1 E-7, 2 E-7, 3 E-7 or 4 E-7 to 5 E-7 weight percent
with respect to the total weight of the formulation, and/or 1 E+4, 1 E+5, or 1 E+6 to 1 E+8, 1 E+9, or 1
E+10 colony forming units/ml of composition, even more preferably 1 E+6 to 1 E+10 colony forming
units/ml of composition. A colony forming unit is a term known to the person skilled in the art and one unit
typically refers to the amount of bacteria that forms one colony on a culture plate; it is a term to refer to
viable bacteria. Even more preferably, in a composition according to the invention, the concentration of
bacteria according to the invention ranges from 1 E-7 to 5 E-7 weight percent with respect to the total
weight of the composition and/or 1 E+6 to 1 E+10 colony forming units/ml of composition. A composition
according to the invention may further comprise another dairy bacterial strain. Such further dairy bacterial
strain may be present in the same, single, composition or may be present separately in a kit of parts. Such
further dairy bacterial strain may be any dairy bacterial strain defined elsewhere herein. A preferred
further dairy bacterial strain is a Streptococcus thermophilus and/or a Lactobacillus species. Another
preferred further bacterial strain may be a probiotic bacterial strain. Probiotic bacteria are known to the
person skilled in the art and preferably are bacteria of a Bifidobacterium species or lactic acid bacteria e.g.
of a Lactobacillus rhamnosus species. Within the scope of the invention is the composition according to
the invention as a starter culture for the production of a food product, preferably in freeze dried, frozen or
liquid suspension state. A composition according to the invention comprising a dairy bacterial strain
according to the invention, may also itself be a food product. A food product as defined herein is a
substance suitable for consumption by a subject, preferably a human or an animal, more preferably a
human. A food product may be of plant or animal origin, and may contain essential nutrients, such as
carbohydrates, fats, proteins, vitamins, and/or minerals. A food product may be intended for ingestion by
an organism and subsequently assimilation by the organism's cells to produce energy, maintain life,
and/or stimulate growth. A food product according to the invention includes but is not limited to a
substance selected from the group consisting of a dairy-, grain-, vegetable-, fruit-, fish-, or meat- based
product; a preferred food product according to the invention is dairy food product, preferably a yoghurt, a
curd or a cheese. A preferred cheese is selected from the group consisting of Gouda, Cheddar, Edam,
Brie, Camembert, Stilton, Gorgonzola, Blue cheese, Goat cheese, Swiss cheese such as Emmental,
Gruyere Brick, Maasdam, and Mozarella. The term "based product” is herein defined that the food product
is produced from a specific raw material or precursor food product such as dairy, grain, vegetable, fruit,
fish, or meat. The food product may be based on a mixture of different raw materials e.g. a mixture of
dairy and grain including legumes, a mixture of dairy and fruit or a mixture of meat and fruit.

[0036] In a further aspect, the invention further provides for a method for the production of a food product
according to the invention, preferably a dairy food product according to the invention, more preferably a
fermented milk product such as a yoghurt or a cheese, from a precursor food product comprising
inoculating the precursor food product with a dairy bacterial strain according to the invention or with a
composition according to the invention and incubating the inoculated precursor food product. When the
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food product according to the invention is a cheese or a yoghurt, the precursor food product is preferably
milk, preferably a milk selected from the group consisting of cows, buffalo, goats, sheeps or mixes thereof.
Depending on the food product to be produced the person skilled in the art knows to select to proper
temperature and time for the incubation. In the method according to the invention for the production of a
food product, preferably a further ingredient is added to the incubation, preferably an ingredient selected
from the group consisting of a flavoring agent, a fruit or fruit concentrate, a syrup, a prebiotic, a bacterial
strain, such as a probiotic strain, a coloring agent, a thickening agent, a preserving agent, a sweetener,
and an enzyme. A thickening agent is preferably a starch, a starch derivative, a cellulose derivative, a
gelatin, gum Arabic, a carrageenan, gellan gum, xanthan gum, guar gum, and locust bean gum. A
thickening agent may also be an enzyme such as a transglutaminase. A sweetener may be any sweetener
known to the person skilled in the art, such as a sugar, a polyol sweetener, Stevia or an intense
sweetener, or mixtures thereof. The polyol sweetener is preferably a sweetener selected from the group
consisting of sorbitol and xylitol. The intense sweetener is preferably a sweetener selected from the group
consisting of aspartame, acesulfame-K and a saccharin. The invention further provides for a food product,
preferably a dairy food product according to the invention, obtainable by a method according to this
aspect of the invention. The invention further provides for a food product, preferably a dairy food product,
comprising a dairy bacterial strain according to the invention. When the food product is a cheese, the
cheese preferably has an increased fraction of bacteria that remain in the curd, as defined here above,
compared to the fraction of bacteria that remain in the curd when using a bacterial strain that is not a
bacterial strain according to the invention. Preferably, the food product, preferably a dairy food product
according to the invention is packaged in a suitable container. The container is preferably a closed
container which is capable to prevent or retard oxygen gas from diffusing from the atmosphere into the
food product. Preferably, said container further comprises a headspace above the food product, wherein
preferably more than 90% (v/v) occupied by the headspace is provided as an inert gas such as nitrogen or
carbon dioxide. Accordingly, preservation of the food product is enhanced and/or survival of the dairy
bacterial strain according to the invention is enhanced.

[0037] The invention further provides for the use of a dairy bacterial strain according to the invention, or of
a composition according to the invention for the preparation of a food product, preferably a dairy food
product.

[0038] The inventors have demonstrated that a dairy bacterial strain according to the invention comprises
increased conjugation efficiency. This property is not limited to dairy use of the bacterial strain.
Accordingly, in a further aspect, the invention provides for a bacterial strain comprising an increased
amount of expression product of a pilin gene cluster, wherein the amount of expression product is
increased in view of Lactococcus lactis subsp cremoris NCDO712 and wherein the pilin gene cluster has a
nucleotide sequence that has at least 90% percentage sequence identity with SEQ ID NO: 1.

[0039] Such strain is herein referred to as a bacterial strain according to the invention or a bacterial strain
according to the invention with increased conjugation properties, or a bacterial strain according to the
invention with increased conjugation efficiency; it should be noted that this aspect of the invention is not
limited to dairy bacterial strains but applies to any bacterial strain that has conjugation capacity, at least to
some extent. Preferably, the conjugation efficiency is increased with at least 10%, at least 15%, 20%, 25%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200% (two-fold), 500% (five-fold), ten-fold, 20-fold, 30-fold,
40-fold, 50-fold, sixty-fold, seventy-fold, eighty-fold, ninety-fold, 100,-fold, 1000-fold, 10,000-fold, 100,000-
fold or at least 1000,000-fold in view of Lactococcus lactis subsp cremoris NCDO712. When a bacterial
strain with increased conjugation efficiency is derived from a parental strain, the conjugation efficiency and
the above depicted increase thereof may be compared to the parental strain where the strain according to
the invention is derived from. In a preferred bacterial strain according to the invention, the pilin gene
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cluster has a nucleotide sequence that has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or most preferably at least 100% sequence identity with SEQ ID NO: 1 or a part thereof.

[0040] The invention further provides for a method for gene transfer by conjugation comprising, providing
a composition, referred to as composition for gene transfer, comprising at least one bacterial strain
according to the invention and incubating the composition under conditions conducive to conjugation. The
person skilled in the art is aware of gene transfer by conjugation and knows how to perform the technique.
Preferably, the composition for gene transfer comprises at least two bacterial strains, one bacterial strain
being a bacterial strain according to the invention.

[0041] The invention further provides for a method for the production of a desired bacterial strain
comprising a genetic trait of interest, comprising providing a composition comprising:

e a precursor of the desired bacterial strain, wherein the precursor lacks the genetic trait of interest,
and

« adonor bacterial strain comprising the genetic trait of interest,
incubating the composition under conditions conducive to conjugation, and optionally isolating the
desired bacterial strain comprising the genetic trait of interest, wherein at least one bacterial strain
in the composition is a bacterial strain according to the invention.

[0042] The invention further provides for a bacterial strain comprising a genetic trait of interest, obtainable
by a method according to this aspect of the invention.

[0043] In this document and in its claims, the verb "to comprise" and its conjugations is used in its non-
limiting sense to mean that items following the word are included, but items not specifically mentioned are
not excluded. In addition, reference to an element by the indefinite article "a" or "an" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires that there be
one and only one of the elements. The indefinite article "a" or "an" thus usually means "at least one'.

[0044] The word "about" or "approximately" when used in association with a numerical value (e.g. about
10) preferably means that the value may be the given value (of 10) more or less 0.1% of the value.

[0045] The sequence information as provided herein should not be so narrowly construed as to require
inclusion of erroneously identified bases. The skilled person is capable of identifying such erroneously
identified bases and knows how to correct for such errors. In case of sequence errors, the sequence of
the polypeptides obtainable by expression of the genes as represented by SEQ ID NO: 2 should prevail.

Sequences

[0046]

SEQ ID NO ;Description Sequence

1 Pilin gene cluster {See sequence listing

2 Leader sequence {See sequence listing
3 pLP712H_FW GGACCAGATGGTACTTTTGAAGCG
4 pLP712H_RV GGTAAAGTCACTATTGATGGACAGCC
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SEQ ID NO Description Sequence
5 pilinPst/ forw CCGctgcagTTTGCAACAGAACCGTAATTGATTAGC
6 pilinXho! rev

CGGectegagTTAAGTAATTTGAATTACTTGCTTTGAGAGTTGT

TTAAAGG

FIGURE LEGENDS

[0047]

Figure 1. Plasmid maps of pSH73, pSH74, and pNZ712. Plasmid pNZ712 includes genes encoding
functional nisin immunity (nisCIP) and copper resistance (ICORSABC). A 16-kb plasmid pSH74 contains a
novel 8-kb pilus gene cluster spaCB-spaA-srtC1-srtC2. Plasmid pSH73 harbors repX, repB and cadCA
genes. The latter encode a cadmium resistance regulatory protein and a cadmium efflux ATPase.

Figure 2. Pilin gene cluster and their suggested functions. The pilin cluster consists of spaCB-spaA-srtCi-
srtC2 genes with 2 insertion regions 1S1216 at the ends. The pilin cluster contains two adjacent srtC
genes encoding sortase C proteins, which probably would catalyze the assembly of pilin proteins into pili.
The spaA gene encodes SpaA protein and we suggest that SpaA is the major pilin backbone subunit. The
spaC and spaB genes are fused, but SpaCB is expected to be cleaved by sortase C. SpaB is expected to
be the basal pilus subunit and linked to the peptidoglycan by sortase A SpaC has an "E box"
(YALTETKTP) and a vonWillebrand type-A domain (VWFA). The "E box" is necessary to link SpaC to SpaA
proteins. It has been speculated that the SpaC segment might be involved in bacterial adhesion to
surfaces and might be the pilin tip protein.

Figure 3. Cell aggregation after pilus over-expression. A - L. factis NCDO712, B - empty vector control
MG1363(pll,253), C - MG1363(pIL253piLAT), D - MG1363(pIL253pil). The images were taken in 3
minutes after re-suspending the cells in the buffer, pH 6.8.

Figure 4. Pilin expression in L. /actis leads to increased chain length. A - MG1363plL253, B -
MG1363(plL253pil), C - MG1363(plL253pilAT).

Figure 5. Scanning electron microscopy of pilin overexpressing L. lactis strains. A- NCDO712, B - 1L1403,
C - IL1403(plL253pil), D - MG1363(pll,253), E - MG1363(plL253pif), F -MG1363(pIL253pilA1). White
errors indicate pili in panel C. White bars: 2 ym in all panels. All panels have the same 50 000 x
magnification.

Figure 6. Scanning electron microscopy of pilin overexpressing L. /actis strains. A - NCDO712(plL253 pif),
B - NCDO712, C - MG1363(pIL253pil), D - MG1363(pll,253). White bars: 1 um in all panels.

Figure 7. Microstructure of milk fermented by L. /actis strains with altered surface properties. Bacterial
cells are

>

while proteins

&

and fat droplets

-

forrin aggregated matrix; the black areas represent the serum fraction. The black bar in the right corner
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displays the 25 um. (B) L. /actis MG1363 expressing pili shown chaining, clumping, hydrophobic
phenotype seemed to be located in serum regions compared to (A) its control strain, (C) clumping and
hydrophobic transconjugant MG1614 harboring pLP712 seem to be attached to protein matrix, (D)
chaining MG1363 seems to go through the protein matrix and serum regions, (E) pili expressing MG1299
shown cell chaining, clumping and hydrophobicity similar to (D) does not show exact pattern of localization
in milk matrix, (F) EPS producing MG1363 seems prefer localization in serum regions.

Figure 8. Model: bacteria as structure elements in fermented foods.

is fat droplet (&=1 ym, can be up to 5-6 ym, 1010 droplets/ml) stabilized by whey proteins (@=4-6 nm, 1077
proteins/ml),

- casein micelle (&=200 nm, 1014 micelles/ml),

- bacterial cell (=1 um, 10° cell/ml). Panel A shows the structure of milk fermented with unmodified cell
surface: the fat droplets and cells are part of casein network with cavities in which the serum phase is
confined. Such a gel has a weak network. Panel B shows the structure of milk fermented with pili over-
expressing cells that locate in cavities where aqueous phase should be located (consistent with chaining
and clumping lactococcal phenotypes studied here). Panel C shows the structure of milk fermented with
chaining cells. The gel structure is weak because of spaces in the casein network and long bacterial
chains which probably work as structure breakers; but the viscosity of such fermented milk increases
possibly due to long cell chains which increase solid content. Panel D shows the gel structure of milk with
cavities in protein matrix fermented with EPS producing strains.

Figure 9.

Types of interactions in milk between bacterial cell and milk components. The covalent bond (e.g. C-C)
possesses 350 kJ/mol, van der Waal's - 10 kJ/mol, electrostatic - 15 kd/mol, and hydrogen - 21 kJ/mol.
Force between micellar casein (or denatured whey) protein and cell for LGG is about 0.4 nN (7), and it is
very strain-dependent.

EXAMPLES

[0048] The present invention is further described by the following examples which should not be
construed as limiting the scope of the invention.

[0049] Unless stated otherwise, the practice of the invention will employ standard conventional methods of
molecular biology, virology, microbiology or biochemistry. Such techniques are described in Sambrook et
al. (1989) Molecular Cloning, A Laboratory Manual (2nd edition), Cold Spring Harbor Laboratory, Cold
Spring Harbor Laboratory Press; in Sambrook and Russell (2001) Molecular Cloning: A Laboratory
Manual, Third Edition, Cold Spring Harbor Laboratory Press, NY; in Volumes 1 and 2 of Ausubel et al.
(1994) Current Protocols in Molecular Biology, Current Protocols, USA; and in Volumes | and Il of Brown
(1998) Molecular Biology LabFax, Second Edition, Academic Press (UK); Oligonucleotide Synthesis (N.
Gait editor); Nucleic Acid Hybridization (Hames and Higgins, eds.).

Example 1. Plasmid complement of Lactococcus lactis NCDO712 reveals a novel pilin gene cluster
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Introduction

[0050] Lactococcus lactis is a Gram-positive, non-pathogenic, non-spore forming lactic acid bacterium
(LAB) that is often isolated from plant material or a dairy environment (75, 159). It is widely used in the
dairy industry as a starter culture for the production of cheese, butter milk and quark. Strains of L. /actis
typically contain one to eight different plasmids (67, 93) ranging from 1 kb (69) to more than 100 kb in size
(110, 146). The plasmids often specify traits of industrial importance such as growth on lactose, milk
protein utilization and stress resistance (68, 83). Examples are the 5 plasmids of L. factis SK11, a phage-
resistant dairy strain used in cheese making (143), and in the 7 plasmids of L. /actis 11,594, the parent of
the plasmid-free strain 11,1403 (100). Other important plasmid-encoded functions for L. /actis include
bacteriocin production (74, 81, 85, 92, 104) and resistance (77, 101, 120), antibiotic resistance (92, 136)
and bacteriophage resistance (66, 84, 130, 131, 148, 149). Also metal ion resistance systems are found
frequently to be plasmid encoded (129). Moreover, a recent publication described a CRISPR-Cas system
that was encoded on a lactococcal plasmid, although it was concluded not to be functional (125). In
addition several genes related to lactococcal surface properties are carried on plasmids (109, 125, 132),
such as aggL - a gene responsible for cell auto-aggregation, or genes responsible for adhesion to mucus
(105).

[0051] One of the most intensively studied L. /actis strains is MG1363, a plasmid-cured derivative of strain
NCDO712 (95, 118). NCDO712 was originally isolated from a dairy starter culture and was shown to
harbour 5 plasmids with molecular sizes of 33, 9, 5.2, 2.5, and 1.8 MDa (95). During plasmid curing of
strain NCDO712, derivatives harboring individual plasmids were obtained, allowing a targeted analysis of
plasmid-encoded functions (95). Important biotechnological properties of the strain, namely lactose
utilization and proteolysis, were linked to the 33 MDa (55 kb) plasmid pLP712 (95, 160).

[0052] This lactose/protease plasmid pLP712 (160) can be transferred to other lactococcal strains by
conjugation (96). Conjugation can occur through various rearrangements which include co-integrate
formation between pLP712 and a genome-encoded sex factor (SF). The co-integrate is roughly double
the size of pLP712 since the SF is 59.498 kb (97). After conjugation approximately half of the
transconjugants displayed an aggregating phenotype and transferred the lactose/protease plasmid with
high-frequency (71, 96, 107, 117, 158). The aggregating phenotype is only seen in transconjugants
carrying the pLP712-SF co-integrate (97, 148) and it was linked to the c/luA gene which is located on the
SF (99, 148). The cluA gene encodes a surface protein involved in cell-to-cell contact and cell aggregation
(99, 148).

[0053] Some L. lactis strains also express proteinaceous surface appendages called pili (113, 123, 130).
Pili are known to have different functions in bacteria, including adhesion to surfaces (type | pili) or motility
(type IV pili) (94, 121, 113, 122). One of the best described is the sex pilus involved in conjugation in
Escherichia coli (80). Pilin biosynthesis genes can be encoded by the chromosome (132) or on plasmids
(125) and they are described to be involved in cell aggregation (155), bacterial adherence to host cells
(105, 151, 157) or attachment to environmental substrates/surfaces (150).

[0054] Two plasmids of L. /actis NCDO712 have already been sequenced and published. Plasmid pLP712
(55395 bp) harbors the genes for lactose import and catabolism, the extracellular protease PrtP, and
genes encoding extracellular proteins, transposases, and hypothetical proteins (160). Plasmid pSH71, the
smallest one (2062 bp) (88), is highly similar to pWV01 (88, 116) and both of them are the basis of a
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broad range of lactococcal cloning vectors (88, 111, 112, 126, 127, 138).

[0055] We here sequenced the plasmids of NCDO712 and found that contrary to earlier reports it contains
6 but not 5 plasmids (95). The additional plasmid encodes functional nisin immunity and copper resistance
genes and on one of the other plasmids we could identify a novel pilin gene cluster which we showed to
be functional by overexpression analysis followed by phenotypic characterizations.

Materials and Methods

Bacterial strains, growth conditions and medium.

[0056] L. /actis subsp. cremoris NCDO712 (95) and its derivatives (Table 1) were grown at 30°C in M17
(Oxoid, Thermo Scientific, Hampshire, UK) supplemented with 1% glucose (GM17). When required,
erythromycin (Ery; 10 pg/ml), chloramphenicol (Cm; 5 ug/ml), rifampicin (Rif, 50 pug/ml), and streptomycin
(Str; 100 pg/ml) were added to the indicated final concentrations. The lactose-positive L. /actis strains
NDO712, SH4109, and MG1299 were grown in M17 containing 1% lactose (LM17). All incubations were
carried out at 30°C.

Table 1. Strains and plasmids used in this study.

Strain or Characteristics Reference
plasmid
L. lactis strains

L. lactis dairy isolate (pLP712, pSH71, pSH72, pSH73, (95) This
NCDO712 pSH74, pNZ712) study
MG1363 Plasmid-cured derivative of L. lactis NCDO712 (95)
SH4109 Prophage-cured derivative of L. lactis NCDO712 containing §(95)

all 6 plasmids found in this study
MG1388 A phage T712 lysogen derived from L. Jactis MG1363 (95)
MG1362 Derivative of L. lactis NCDO712 (harbors pSH72) (95)

Derivative of L. Jactis NCDO712 (harbors pSH73 and (©5)
MG1063 pSH72)
MG1261 Derivative of L. lactis NCDO712 (harbors pSH73) (95)
MG1365 Derivative of L. lactis NCDO712 (harbors pSH71) (95)
MG1299 Derivative of L. lactis NCDO712 (harbors pLP712) (95)
NZ9700 NisR: Derivative of L. factis MG1363; pepN::nisRK (72)
MG1614 St and RifX derivative of L. factis MG1363 (95)
IL1403 Plasmid-free derivative of L. /actis |1L594 (75)
Plasmids
pIL253 EryR; 4.9kb; Low copy-number derivative of pAMB1 (145)

EryR; 13.1kb; plL253 harboring pSH74 pilin operon spaCB- This study
pIL253pil spaA-srtC1-srtC2 with 300 bp upstream region

EryR; 11.6 kb; plL253 harboring spaCB-spaA-srtC1-srtC2 This study
pIL253pilA1 with 1,5-kb internal deletion in spaCB
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Sequencing of L. lactis NCDO712 total DNA and sequence assembly.

[0057] Total DNA of L. factis NCDO712 and derivatives was isolated using phenol-chloroform extraction as
previously described (140) with the following modifications. The exponentially growing cells were
harvested by centrifugation (10 min at 6240 g) after which the cell pellet was re-suspended in THMS
buffer (30 mM Tris-HCL (pH 8), 3 mM magnesium chloride, 25% sucrose) containing lysozyme (2 mg/ml)
and 50 pg/ml RNase and incubated for 1 h at 37°C. Subsequently, the cells were treated with SDS (final
concentration 1%) for 20 min at 65°C. After that proteinase K (0.3 mg/ml) was added and incubation was
continued for 10 min at 37°C. Total DNA was extracted from the lysate using several extractions with
phenol/chloroform after which it was precipitated with isopropanol. The DNA was dissolved in sterile water.

[0058] The purified total DNA was sheared to fragments of approximately 500 bp using the Covaris
ultrasone device (KBioscience, LGC, Kéln, Germany). The paired-end NEB NExtGen library preparation kit
(New England Biolabs, Inc., MA, US) was used according to the manufacturer's instructions to prepare the
NGS library. The libraries were 101 bases paired-end sequenced on an lllumina HiSeq2000 (lllumina, Inc.,
San Diego, CA, USA). Velvet (162, 163) was used in combination with VelvetOptimiser
(http://bioinformatics.net.au/software velvetoptimiser.shtml) to perform de novo paired-end assembly of
the genome. All contigs that did not map to the L. factis MG1363 genome were assumed to be plasmid
fragments; these were first scaffolded by mapping onto known L. /actis plasmids in the NCBI database.
Further scaffolding was supported by PacBio sequencing (BaseClear, Leiden, the Netherlands) on a 5-kb
library of NCDO712 total DNA. Remaining gaps in the plasmid sequences were closed with dedicated PCR
reactions followed by amplicon sequencing (BaseClear, Leiden, the Netherlands).

[0059] Initial automatic annotation of the plasmids was performed using the RAST annotation server (72).
Manual curation of plasmid-encoded features was performed with Artemis (88, 137), followed by family,
domain, motif and context analyses of encoded proteins using BlastP (NCBI) and Interpro
(http://www.ebi.ac.uk/interpro/). IS elements and transposase genes were identified using IS Finder
(https:/lwww-is.biotoul fr//). The DNA sequences of the assembled plasmids were used for a BLAST search
(http://blast.ncbi.nlm.nih.govBlast.cgi) in the NCBI plasmid database containing complete plasmids. The
determination of single nucleotide polymorphisms of NCDO712 in comparison to the sequenced derivative
MG1363 was performed using the Breseq software package (83) and the GenBank file: NC_009004 in
combination with corresponding next generation sequencing data: SRA064225 as templates. For non-
synonymous SNPs the software SIFT (113) and the UniProt-TrEMBL database (http://www.uniprot.org/)
were used to predict whether an amino acid substitution would affect protein function.

Determination of nisin and copper resistance.

[0060] Overnight cultures of L. factis were diluted in fresh M17 medium to a final optical density at 600 nm
(ODgpg) of 0.03. To measure nisin resistance, the medium was supplemented with nisin from L. /actis

(N6764-5G, Sigma-Aldrich, Steinheim, Germany) at different end concentrations (0 - 20 ng/ml). L. /actis
NZ9700 was used as a control (Table 1). The strains were grown in 10 ml sterile tubes for 7 h at 30°C.
The ODggg was measured after 4 h and after 7 h using a UV/Visible Ultrospec 2000 spectrophotometer

(Pharmacia Biotech, Cambridge, England). To measure copper resistance, CuSO4 (0 - 4.8 mM end

concentrations) was added to the growth medium. A 96 well microplate with the samples was incubated
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for 21 h at 30°C. The ODggg was measured every 15 min with a SpectraMax spectrophotometer

(Molecular Devices, Wokingham, Berkshire, UK).

Pilin overexpressing in L. Jactis.

[0061] The spaCBA-srtCl-srtC2 locus (designated as pil locus) including its 300 bp upstream region was
amplified with KOD Hot Start Polymerase (Merck Millipore, Madison, Wisconsin, USA) using the pilinPstl
forward primer (SEQ ID NO: 5) and the pilinXhol reverse primer (SEQ ID NO: 6). The purified PCR
product was digested with Pstl and Xhol and ligated to similar digested plL253 using T4 DNA Ligase
(Invitrogen, Breda, The Netherlands). The ligation mixture was transformed (161) to electro-competent
(102) MG1363 cells. Transformants harbouring the anticipated plL253pil plasmid (Table 1) were selected
using colony PCR confirmation with primers pLP712H_FW and pLP712H_RV (SEQ ID NO:'s 3 and 4,
respectively).

[0062] An internal deletion of 1451 bp in the spaCB gene was constructed by digestion of pIL253pil with
Aatll followed by re-ligation and introduction of the plasmid in L. /actis MG1363. The resulting plasmid was
designated plIL253pilA1 (Table 1).

Cell aggregation.

[0063] L. /actis cells from a 10 ml overnight culture were washed twice with 10 ml sterile 10 mM
phosphate buffer, pH 6.8, re-suspended in the same buffer, after which cell sedimentation was observed
visually, while cell chaining was examined by light microscopy.

[0064] Scanning Electron Microscopy (SEM). Bacterial cells were cultured for 1 day on GM17 agar plates.
From plates with 50-100 colonies small pieces of agar gel carrying less than 5 colonies were cut out and
placed in a microscope sample holder. All further steps of cell fixation, washing, dehydration, staining,
freeze-drying, electron microscopy, and image analysis were performed according to (103). For imaging a
FEI Magellan 400 FESEM electron microscopy (Wageningen Electron Microscopy Centre, The
Netherlands) was used.

Conjugation experiments.

[0065] Conjugation experiment were performed as described previously (124, 147) with L. lactis MG1614
as a recipient strain. Transconjugants were selected on milk agar plates containing 0,004 % bromocresol
purple (Merck, Darmstadt, Germany), streptomycin (100 pg/ml) and rifampicin (50 pg/ml) when donor
strains were NCDO712 or MG1299(plL253pif). Transconjugants were selected on glucose Elliker agar
plates supplemented with streptomycin (100 ug/ml) and erythromycin (10 yg/ml) when donor strain was
MG1363(plL253pil). For the conjugation of pNZ712 encoding copper resistance genes from NCDO712 to
MG1614 LM17 plates were supplemented with streptomycin (100 ug/ml), rifampicin (50 pg/ml) and 1.2
mM CuSOy.

Results
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Chromosomal differences between L. lactis NCDO712 and MG1363.

[0066] Re-sequencing of the total DNA of NCDO712 allowed the detection of 11 Single Nucleotide
Polymorphisms (SNPs) between the chromosomes of L. /actis NCDO712 and its plasmid-cured derivative
MG1363 (159), which was isolated in 1983 following multiple rounds of chemical- and protoplast-induced
plasmid curing (95). Amongst the 11 SNPs found in the chromosome of L. /actis NCDO712, three are
synonymous, three are in intergenic regions, while the other five lead to amino acid changes in proteins.
The sequencing data also suggests the occurrence of genome re-arrangements but their verification was
out of scope of this study.

[0067] Only one of the three SNPs in the intergenic regions is predicted to be in a promoter region, that of
the mt/A gene encoding a putative mannitol-specific PTS system EIIBC component. For mt/A the
differential RNA sequencing has pinpointed the transcription start site (TSS) at position 26465 (van der
Meulen et al. accepted). The mutation at the position 26455 suggests that the -10 box is altered from an
optimal TATAAT into TACAAT. Furthermore, three of the protein sequence-affecting SNPs in the genes
encoding a hypothetical protein and 2 transposases were predicted not to affect protein function. These
predictions were made using SIFT, an algorithm that analyzes the effect of mutations based on the degree
of conservation of amino acid residues (113, 144). Mutation in the gapB and tsf genes encoding the
glyceraldehyde 3-phosphate dehydrogenase and elongation factor TS respectively are predicted to affect
the protein function. Whether these mutations are caused by genetic drift or if they confer a fithess
advantage in a laboratory environment is unclear. However, the data indicate that the number of SNPs
occurring between MG1363 and NCDO712 is limited.

L. lactis NCDO712 harbors six plasmids.

[0068] Assembly of all nucleotide sequence reads that did not map onto the chromosome of L. /actis
MG1363 revealed that L. /factis NCDO712 carries a total of 6 rather than the previously described 5
plasmids (95). Using L. lactis NCDO712 derivatives harboring single plasmid species (95) we linked the
plasmids identified here to the earlier described plasmids of this strain (Table 2). The plasmid sizes did not
fully correspond to the respective sizes determined here, which this is most likely caused by the limitations
of size estimation based upon agarose gel electrophoresis (95). However, we cannot exclude that plasmid
rearrangements accounting for (part of) the differences have occurred during strain propagation over the
years (160). The additional plasmid identified in this study, designated pNZ712, has a size similar to that
of pLP712, which may explain why it escaped detection in 1983 (95).

[0069] The copy number of the individual plasmids varied between 2 and 4, based on mean coverage
number of chromosomal DNA and plasmid coverage (Table). The plasmid replication mode was
determined using previously described criteria (68, 119). Rolling circle replication (RCR) was identified on
basis of the presence of Rep-family protein encoding genes and a doublestranded origin (dso) of
replication; while a replication initiator protein encoding repB gene and an origin of replication (ori) are
indicative of theta-type plasmid replication (68). These analyses indicated that pSH71 replicates through a
rolling circle mechanism (68, 88), while the other 5 plasmids replicate using a theta-type mechanism (68).

[0070] Plasmids pLP712 and pSH71 have been sequenced and described earlier (88, 160). The
nucleotide sequence of the pLP712 is identical to the one determined here, except for a single nucleotide
difference, whereas the pSH71 sequence differs by 6 nucleotides (Table) and plasmid origin .
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[0071] To investigate the relationships of plasmids pSH72, pSH73, pNZ712, and pSH74 with other known
plasmids we compared them with 1.955 plasmid sequences in the NCBI database (database consulted on
February 1, 2015). pSH72 (3.597 bp) had the highest copy number, approximately 4 copies per cell, and
only appeared to encode the replication genes repB, repX, and repC. Except for 3 nucleotide differences
pSH72 was identical to plasmid pND324 which was isolated from L. /actis subsp. /actis LL57-1 (90)
(Table). The biological function of this plasmid is unclear. pSH73 is identical to pAGSH, a plasmid isolated
from Lactococcus lactis ssp. cremoris 712 (acession number: AB198069, Gl: 70067197), which is most
likely the same strain as NCDO712 or a derivative of it (97). The only SNP (A — G, pAG6 — pSH73)
detected is at nucleotide position 1143 of the hsdS gene encoding a type | restriction/modification system
specificity subunit. Plasmid pSH73 harbours next to the replication genes repX and repB also cadCA
genes that were predicted to encode a cadmium resistance regulatory protein and a cadmium efflux
ATPase.

[0072] The two other plasmids pSH74 and pNZ712 were found to have partial similarity to known L. /actis
plasmids with 93-99% nucleotide identity. Identities were found in genes encoding for several functions
such as replication, transposases, resolvases, copper resistance associated genes and nisC/P of which
nis/ encodes nisin immunity. Detailed sequence analysis of pSH74 identified putative pilin biosynthesis
genes which we annotated as spaCB-spaA-srtCl-srtC2.

Table 2. The comparison of NCDO712 plasmids with the earlier work.

Plasmids described Plasmids annotated in this work
in (95)
Plasmid Size$ Plasmid Size Plasmid copy Replication
number*/mean mode
coverage¥
pLP712 § 33 MDa, pLP712 55 2 (423) Theta
~50 kb 395
bp
pSH71 1,8 MDa, pSH71RS 2 3 (673) RCR
~3 kb 062
bp
pSH72¥ {2,5MDa, pSH72 (99% 3 4 (921) Theta
~4 kb identical to 597
pND324) bp
pSH73 § 5,2 MDa, jpSH73 (identical toj 8 3 (674) Theta
~8 kb pAGB6) 663
bp
pSH74 9 MDa, pSH74 15 3 (697) Theta
~14 kb 518
bp
pNZ712 49 2 (471) Theta
- - 832
bp
*Estimated on the bases sequence coverage in comparison to that of the chromosomal DNA.
$ Plasmid size in original publication is given in MDa. Plasmid size in kb is estimated through
the relationship - 1MDa ds-DNA = 1.52 kb (https://tools.thermofisher.com).
1 Coverage number is based on the analysis of 6 million sequence reads. Chromosomal DNA
coverage in the same analysis was 198.
¥ pSH72 differs by 3 bp from pND324 (90) (NCBI reference sequence: NC_008436.1):
T1295G, G1384A and C3349-deleted.
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RS pSH71RS sequence differs from pSH71 (NCBI accession number A09339; de Vos W.M.,
1987) by 6 bp: T712-deleted, T713-deleted, A731-deleted, GB03A, -deleted1234T, C1414-
deleted.

Nisin immunity and copper resistance are specified by pNZ712.

[0073] Nisin is a lanthionine-containing antimicrobial peptide that binds to lipid II, disrupts the cytoplasmic
membrane and causes death of susceptible bacterial cells. The nisin operon nisABTCIPRKFEG was
previously described to be present on the sucrose-nisin transposon Tn5276 and carries, next to the nisin
structural gene nisA, genes responsible for modification, transport and precursor cleavage, genes
involved in the regulation of the nisin operon and genes specifying resistance to the bacteriocin (126,
156). Plasmid pNZ712 carries nisC/FP but nisC is only partially present. The nisC gene encodes an
enzyme involved in posttranslational modification (in concerted activity with NisB) of the nisin precursor,
nis! encodes nisin immunity, and nisP encodes the serine protease which is involved in maturation of the
nisin precursor.

[0074] To determine if nis/ is functional, L. factis NCDO712 was grown in LM17 medium supplemented
with 0 and 20 ng/ml nisin. L. factis NZ9700 was used as a nisin resistant control. In the absence of nisin all
strains reached a maximal ODggg of 2.96+£0.63 after 7 h of growth. When the strains were grown in the

presence of 20 ng/ml nisin, the positive control NZ9700 reached an ODggg of 1.8+£0.06. L. factis NCDO712

and SH4109, strains carrying all 6 plasmids including pNZ712 with the plasmid-encoded nisC/P, reached
an ODggg of 0.63+0.01 and 0.67+0.09, respectively. The optical density reached is less compared to

NZ9700 which has the full immunity function. This difference is a lack of nisFEG, genes encoding an ABC
transporter that contributes to nisin immunity in NCDO712. The plasmid-free derivative L. /actis MG1363
and other derivatives carrying single plasmids but not pNZ712 from L. /actis NCDO712 reached an ODgg
of only 0.06+0.046. Hence, the pNZ712-encoded nis/ is functional and provides nisin immunity to L. /actis
NCDO712.

[0075] To determine if the putative copper resistance genes /coRSABC on pNZ712 are functional, L. /actis
NCDO712 and several of its derivatives not carrying pNZ712 were grown in the presence or absence of
CuS0Oy4 MG1363 showed no growth if 0.8 mM or more CuSO4 was added to the medium. L. /actis
NCDO712, harboring pNZ712 with the /coRSABC genes, was the only tested strain able to grow in the
presence of 1.2 mM CuSOQy, indicating that the gene cluster on pNZ712 is functional. At 2, 4 and 4.8 mM
of CuSO4 NCDO712 started to grow after 5, 10 and 15 hours respectively. We could also show that
pNZ712 harboring the copper- and nisin-resistance genes can be transferred from one lactococcal strain
to another via conjugation when copper is used as a selective marker, which corroborates the functionality
of the genes.

A novel pilin gene cluster is present on pSH74.

[0076] Plasmid pSH74 was found to harbour an 8-kb gene cluster which we annotated as spaCB-spaA-
srtC1-srtC2. It is flanked by I1S1216 elements (Figure 2). Different gene-orders of pilin biosynthesis genes
have been reported in gram-positive bacteria (121, 154), but the gene-order found on pSH74 mostly
resembles that of the spaC-spaB-spaA-srtC cluster of Lactobacillus rhamnosus GG (105, 134, 157 )
although the encoded proteins display only 30 to 45 % amino acid sequence identity. In addition, the
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plasmid-encoded pilin cluster of pSH74 contains two adjacent srtC genes, which encode sortase C
proteins of 413 and 392 amino acid residues, respectively. The two sortases are only 38% identical, and
two or even three consecutive srtC genes have previously also been found in the pilin biosynthesis gene
clusters in Streptococcus agalactiae, S. pneumoniae, and Clostridium diphteriae (89, 142). Similarly to
Lactobacillus rhamnosus GG (89, 111, 112), srtC in L. lactis NCDO712 might be responsible for the
assembly of pilin proteins into pili, while the chromosomally encoded srtA (llimg_1449) should recognize
LPxTGE or LPxTGD motifs and covalently anchor pili to peptidoglycan of the cell wall (89).

[0077] Also similar to L.rhamnosus GG, the SpaA protein of L. factis NCDO712 is presumably the pilin
main backbone subunit. It contains the typical LPSTGGAG motif near the C-terminus for cleavage by
sortase C and has the characteristic YPKN "pilin motif' with a conserved lysine residue. SpaA also carries
the YVLNETKAP "E box", which is suggested to have a structural role in pilus assembly (80, 127, 144).

[0078] The spaC and spaB genes, which are separate genes in Lactobacillus rhamnosus GG, are fused in
L. lactis NCDO712. In L. rhamnosus GG SpaB is the basal pilus subunit and SpaC is the pilin tip protein. In
L. lactis NCDO712 the first approximately 840 amino acid residues of SpaCB correspond to SpaC, the
remaining C-terminal 260 residues to SpaB. The SpaC segment in SpaCB contains an LPSTGGAG motif
that could be cleaved by sortase C, possibly splitting the SpaCB into 2 separate proteins SpaC and SpaB.
Moreover, predicted with PePPER (87) an alternative transcription start site downstream of the
LPSTGGAG motif of the SpaC encoding region of the spaCB gene may support independent synthesis of
only SpaB. The SpaB resembling part of SpaCB contains a C-terminal LPDTGE motif that is predicted to
be targeted by sortase A and serves as a peptidoglycan anchoring sequence (89, 134). RNAseq obtained
under different stress conditions revealed that srtC1 and srfC2 are usually co-expressed, while there is no
correlation in expression levels between the other genes of this gene cluster (van der Meulen et al.
accepted).

[0079] SpaC has an "E box" (YALTETKTP) and a von Willebrand type-A domain (VWFA). The SpaC
segment also contains a collagen-binding domain and two collagen-binding surface-protein-Cna B-type
domains, which might be involved in bacterial adhesion to surfaces (IPR008970; SSF49478)
(http://supfam.org). Taken together, these structure analyses suggest that analogous to the L. rhamnosus
GG pilin, SpaB forms the basal pilus subunit and SpaC fulfills the tip protein function. We found based on
protein comparisons similar pilus clusters are also present in L. /actis subsp. cremoris CNCM 1-1631
contig_071  (accession number: AGHX01000000; LLCRE1631_01806, LLCRE1631_01807,
LLCRE1631_01808, LLCRE1631_01809) (97% identity), in L. lactis subsp. /actis 1AA59 contig_056
(accession number: AZQT01000047.1 and AZQT01000000) (100% identity), as well as in the
Leuconostoc citreum genome (accession numbers: WP_048699698, WP_048699696, WP_048699695,
WP_048699693) (>90% identity). However, the sequences of those organisms are annotated as
hypothetical proteins. In all three of those strains the spaCB genes are fused as well which suggests that
this may be of relevance for e.g. the regulation of the protein's ratio to each other.

The L. lactis NCDO712 pilin operon is functional.

[0080] To examine whether the identified putative pilin genes are functional in L. factis, the entire operon
with its native promoter was cloned in the medium-copy number plasmid plL253 (105), resulting in
pIL253pil. Initial attempts to clone the pilin operon downstream of the nisin-inducible nisA promoter failed,
and the few clones obtained carried the same internal deletion in the spaCB genes. Deletion of a similar
internal fragment of 1.5 kb from the spaCB gene in plL253pil resulted in plL253pilA1 (Table 1). This
deletion in spaCB leads to an out of the frame mutation shortening the SpaCB protein by 591 amino acid
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residues and retaining a 394-reidue truncated protein. The native pilin operon as well as the one with the
spaCB deletion were introduced in L. /actis strains MG1363 and IL1403. An obvious consequence of the
plasmid-based pilin over-expression was cell aggregation and sedimentation of the culture in both strains
(results for MG1363 are shown in Figure 3). The cells also grew in chains much longer than 10 cells per
chain (Figure 4). Cells expressing the truncated version of SpaCB displayed neither cell aggregation
(Figure 3) nor cell chaining (Figure 4).

[0081] Scanning electron microscopy (SEM) revealed that cells of L. factis NCDO712 (Figure 5, panel A)
have a relatively rough surface compared to those of L. factis IL1403 (Figure 5, panel B), which were very
smooth. The control strain L. lactis MG1363(pll,253) showed an intermediate state of surface roughness
(Figure 5, panel D). Furthermore, even though L. /actis NCDO712 harbors the pil operon, no pili were
visible on the surface of these bacteria. The pili were seen in L. Jactis NCDO712 only when the plL253pil
plasmid was introduced (data not shown). This indicates that the expression level of the pilin operon from
the native plasmid, which was estimated to be present in 3 copies per cell, is not sufficient for the
detection of pili on the cell surface. However, expression of the same operon from the plasmid pEL253,
which is present in higher copy numbers (145) is sufficient to detect the pili. The introduction of pIL253pi/
into L. factis IL1403 led to pilin-like structures, albeit at relatively low abundance (Figure 5, panel C),
whereas L. lactis MG1363 harbouring plL253pif clearly carries more appendices on its cell surface (Figure
5, panel E). In addition, an increased roughness of the cell surface was observed in both 11,1403 and
MG1363 when they harbour plL253pil. Interestingly, MG1363(plL253pilA1) cells expressing the truncated
version of spaCB (Figure 5, panel F) were also decorated with pilus-like structures on the surface, but
these appendices appeared to be more disoriented than those present on MG1363 harbouring plL253pil
(Figure 5, panels E and F). The observed disorientation could imply that the pili of MG1363 harbouring
pIL253pilA1 are not appropriately attached to the peptidoglycan, which would be consistent with the
prediction that the truncated spaCB lacks the predicted SrtA motif for peptidoglycan anchoring. These
results revealed that expression of the spaCB-spaA-srtCl-srtC2 pilin gene cluster derived from pSH74 of L.
lactis NCDO712 leads to the formation of pilin-like appendices on the surface of lactococcal cells.

[0082] In gram-negative bacteria the length of pili is approximately 1-2 ym, and the diameter is between 1
nm and 10 nm. In gram-positive bacteria pili have been reported to have a length of 0.3-3 ym, and a
diameter of 3-10 nm (151). In L. rhamnosus GG the length of pili is up to 1 ym and the diameter is 1-10
nm (105). Pili in L. factis IL1403 reached up to 3 ym in length and a diameter of approximately 5 nm (132).
On the surface of L. /actis TI1,448 pili were short and thin with a length up to 450 nm, but on the surface of
the overexpressing strain pili became longer with average length of 2 ym and diameter of 2.3 nm (125).
Interestingly, the pili overexpressed in MG1363(plL253pil) from pSH74 of L. lactis NCDO712 are shorter
and thicker than most others with a length of 200-240 nm and a 18-20 nm diameter, whereas plL253pilA1
derived pili in MG1363(plL253pilA1) were thinner with a diameter of approximately 14 nm.

Conjugation efficiency.

[0083] One of the known functions of pili in gram negative bacteria is involvement in conjugation (80). To
examine whether the L. /actis NCDO712 pil operon might play a role in DNA transfer by conjugation, we
measured the efficiency of conjugation in the presence and absence of the pil operon. L. lactis NCDO712
carries a sex factor in its chromosome that is involved in co-integrate formation with and subsequent
conjugal transfer of the lactose/protease plasmid pLP712 (97, 99). This process can be readily quantified

using the plasmid-free, lactose deficient L. lactis MG1614 (Lac”, PrtP, StrepR, RifR) (Table 1) as a
recipient and selecting for lactose-fermenting colonies that are also resistant to rifampicin and
streptomycin. The efficiency of transfer of pLP712 from L. Jactis NCDO712, MG1299 and MG1363 was up
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to 20-, 17- and 50-fold increased upon pili overexpression, respectively (Table 3). We did not find co-
transformation of plL253pil during the conjugation of pLP712. Although the observed increase in
conjugation efficiency is not very high, these observations indicated that pili might contribute to the efficacy
of exchange of DNA between lactococcal cells. We do not know if this effect is caused by pili mediated cell
clumping or through pili that seem to make cell to cell contact (Figure 6).

Table 3. Results of conjugation experiments. In all cases the strain L. /factis MG1614 was used as the
recipient. The strains with plL253pi/ showed an increase in the number of transconjugants obtained per
donor CFU. When strain with empty plasmid (plL253) was tested in conjugation experiment, pili
overexpression enhanced conjugation efficiency by 50 fold.

Donor Transconjugants per donor CFU Fold increase
Average SD (n=4)

NCDO712 1.1E-07 3.54E-08
NCDO712(pIL253pil) 2.4E-06 1.13E-07 21.91
MG1299 1.4E-07 4.74E-07
MG1299(pIL253pil) 1.6E-06 1.11E-06 11.18
MG1363(plL253) 8.3E-10
MG1363(pIL253pil) 4 4E-08 53.01
Discussion

[0084] Sequencing of the total DNA of L. Jactis NCDO712 revealed the presence 6 plasmids in this strain
of which some specify potentially important industrial traits. Functional nisin immunity and copper
resistance genes are present on pNZ712 (51.7kb), a plasmid that was not identified in an earlier study of
the plasmids of L. lactis NCDO712 (95). This newly identified plasmid possibly escaped detection because
pNZ712 has a size similar to that of the lactose/protease plasmid pLP712. Plasmid-encoded copper
resistance has been described previously in Streptococcus (now Lactococcus) lactis (70, 91, 119), but has
not been described in L. factis NCDO712. According to earlier studies /coRS are regulatory genes involved
in transcription of icoABC, while IcoABC itself confers copper resistance by lowering the accumulation of
copper inside the lactococcal cell (143). However, next to the IcoRSABC cluster pNZ712 also contains
pNZ712_23, a protein which is annotated as copper-(or silver)-translocating P-type ATPase that could
also be involved in the increased copper resistance found NCDO712. Interestingly, in Lactococcus lactis
C2, a recently diverged derivative of NCDO712 (86, 114), which was reported to carry 5 plasmids, the
resistance to metal ions, including copper, was suggested to be encoded on a DNA region of the lactose
plasmid pLM3001 of which the sequence remains unknown (91). Our results show that copper resistance
and lactose utilization genes reside on different plasmids, indicating that plasmid re-arrangements may
have occurred in NCDO712, C2, or in both strains (86).

[0085] We found that pSH74 (17 kb) contains an 8-kb pilus gene cluster. Pilus genes have been described
earlier in L. /actis. Oxaran and co-workers (132) identified a chromosomally encoded pilus gene cluster in
L. lactis 1L1403, which was initially based on sequence analyses and homology searches to characterized
pilus and sortase proteins. Similar to our work with NCDO712, detectable production of pili could only be
achieved by overexpression of the pilus genes yhgD, yhgE, yhhA, yhhB in the same strain. For
overexpression they used the medium-copy number vector plL253 and the constitutive promoter P23,
rather than its native promoter as we have used here. The native promoter region of spaCB seemed
important for successful expression/cloning of the pilus gene cluster, since expression without leader
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resulted in deletions in spaCB after expression from other a nisin inducible and the constitutive purC
promoter. The strategy with the native promoter was followed after observing a leader sequence of ~200-
nt upstream of spaCB by visualizing RNA-seq data by Rockhopper (123) (van der Meulen, accepted).

[0086] Based on negative staining and TEM analysis Oxaran et al detected pili under standard
laboratory conditions in other L. /actis isolates. These were vegetable isolates such as KF282 and
NCDO2118, as well as clinical isolates such as 2885-86 and 810-85. Interestingly, the chromosomally
encoded pilus gene cluster yhgD, yhgE, yhhA, yhhB of 11,1403 appeared to be present in all lactococcal
genomes known to date, including those of L. /actis strains SK11, KF147, and MG1363 (limg_1800-1803)
(132).

[0087] In another study L. /actis T11,448 was shown to carry a plasmid-encoded 6.9-kb pilus gene cluster,
yhgE2-srtC2-yhhB2-ORF4, that lead to the formation of pili at the cell surface (125) when overexpressed
in either L /actis MG1363 or in the wild type strain Tl1,448. Within this cluster yhgE2 was predicted to
encode the pilus backbone, while srtC2 was proposed to facilitate pilin polymerization. ORF4, the putative
pilus tip protein, contained a lectin-like domain (PF00139) predicted to have carbohydrate-binding
properties, that were proposed to allow bacterial binding to plant cell walls. In addition, expression of
yhgE2-srtC2-yhhB2-ORF4 was shown to increase the attachment of L. /actis T11,448 to intestinal epithelial
Caco-2 cells (132).

[0088] For the pilus cluster identified in NCDO712 we could neither find homologies at the protein level
nor in the organization of the pilus gene clusters when compared to those of L. /actis L1403 or TI1,448.
Besides the differences at sequence level and operon organization, the pilus length and diameter seems
to differ from most earlier identified lactococcal pili (125, 132, 151). Comparing to well described pilus
clusters the gene organization in NCDO712 is closest to that of the pilus operon of L. rhamnosus LGG
(86, 146). The GC content in the L. /actis NCDO712 pilus operon (35.3%) to that of the rest of the genome
(35.7%) suggests that the acquisition of the pilus gene cluster is not a recent event or has been
transferred from a microbial species with a similar GC content. The latter explanation may be supported
by the presence of a highly homologous pilus cluster in the genome of Leuconostoc citreum (> 90 %
protein identity) with a GC content of 38.9%.

[0089] Based on gene homology and organization we hypothesize that the function of the pilin genes of L.
lactis NCDO712 is similar to those in Lb. rhamnosus GG (86, 146) and other Gram-positive bacteria (108,
122, 133, 144). Pilus formation and attachment to peptidoglycan in Lactobacillus rhamnosus GG is
governed by the pilin-specific sortase SrtC1 and the housekeeping sortase SrtA. The pilin-specific sortase
C specifically targets a triple glycine motif LPxTGGxG at N-terminal end of pilin protein, and catalyzes the
assembly of pilin proteins into pili (89, 121). The chromosomally encoded enzyme sortase A targets N-
terminal LPxTGE or LPxTGD motifs (89) and catalyzes the covalent anchoring of extracellular proteins,
including pilin proteins, to peptidoglycan in the cell wall. The sortase A recognition sequence does not
necessarily prevent its recognition by a sortase other than SrtA (89). It means that sortases A and C may
each be able to recognize both LPxTGD/E and LPxTGGxG motifs used for the regulation of pilin
biosynthesis polymerization and anchoring (89), but the protein-structural features involved in motif
recognition by sortases still remain unclear. For example, when spaA-srtC1 of Lb. rhamnosus GG were
co-expressed in L. factis NZ900O0, it was observed that SrtC1 can recognize and polymerize the SpaA
protein as well as pilus tip protein SpaC, while SrtA is only involved in anchoring of SpaB to the
peptidoglycan. Lb. rhamnosus GG also carries a pilus gene cluster, spaFED, on its chromosome, where
SpaD is the pilus backbone protein and Spak is located at the base of the pilus structure, like SpaB (135,
157). SpaF, similar to SpaC, is the minor pilin subunit that locates to the tip of the pilus and was shown to
be responsible for adhesion of pili-carrying cells to the intestinal mucus (137). L. lactis NCDO712 SpaA
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and SpaC contain the LPxTGGxG motif in its C-terminus for cleavage by the pilin-specific sortase C for
further formation of isopeptide bonds to interconnect these pilin subunits. SpaA also carries the "E box"
and YPKN "pilin motif'. The "E box" is suggested to have a structural role in pilus assembly (80, 127, 144)
as is illustrated by the involvement of the "E box" of SpaA from Corynebacterium diphtheria in the
attachment of SpaB to polymerized SpaA fibres (87). The "pilin motif' is involved in intermolecular peptide
bond formation between the carbonyl-group carbon of the threonine residue of the pilin subunit and the
side-chain of the lysine in pilin motif of the neighboring pilin subunit (151). These bonds lead to the
formation of membrane-associated covalently-linked dimer with a pilin motif that can interact with other
pilin subunits, forming an elongated pilus fibre (151). Thereby, the presence of an E-box, LPxTGGxG and
YPKN motifs in L. /actis SpaA suggests that this protein constitutes the major pilin backbone subunit.

[0090] As we described earlier the SpaC segment of SpaCB contains an LPxTGGxG SrtC motif we
hypothesize that after cleavage of SpaCB by SrtC, the "E box" would link SpaC to SpaA proteins. It has
been speculated that the vWFA domain, which is also present in SpaC of L. rhamnosus GG (105), may
have lectin-like binding properties and could bind to sugars with high carbohydrate specificity. The SpaB
segment in SpaCB carries the canonical LPxTG motif for cleavage and linkage to peptidoglycan by
sortase A. Hence, SpaB is most likely at the base of the lactococcal pilus, and SpaC is the pilin tip protein.
An internal deletion in spaCB led to the formation of much more, albeit aberrant and somehow
disoriented, pili at the surface of the cells, which would be in agreement with a lack of the proper
attachment of the pili via the basal subunit SpaB.

[0091] Since the Lactobacillus rhamnosus GG pilus operon is involved in attachment to human intestinal
epithelial cells, Caco-2, we tested if the pilus operon identified here confers similar binding properties.
However, no significant differences in attachment to Caco-2 or HT29 (a human colonic carcinoma cell line)
cells were observed between stationary-phase cells of L. factis NCDO712 or L. Jactis either with or without
pIL253pil (data not shown). The level of adherence of lactococcal cells was relatively low as compared to
the level of adherence displayed by the Lb. rhamnosus GG cells that were used as a control in these
experiments. Cell aggregation or close-proximity is an important factor for conjugative plasmid transfer.
Conjugative plasmid transfer in gram-positive cocci was studied (79, 101, 141), including lactococci (75,
141, 147), but there was no report on the role of pili in this process. Since pili overexpression leads to
increased cell-clumping and we also observed direct cell-cell contact via pili in SEM images, we
investigated the impact of pili expression on plasmid transfer frequencies and conclude that pili expression
can enhance frequency of transconjugation by a factor of 11- to 53-fold per donor cell CFU. The
underlying mechanisms remain unknown, but the pilin tip protein SpaC could bind to another cell, keeping
the two cells in close proximity (80). Such close proximity of cells could facilitate and increase the
conjugation frequency. We also cannot exclude that pili could enable conjugation of genetic material to
other species.

Example 2. Bacteria as structural elements in a fermented food product; alteration of lactococcal

surface properties and its functional consequences on fermented milk.

Introduction

[0092] Lactic acid bacteria (LAB) are gram-positive bacteria that are generally regarded as safe and they
are used extensively in food and feed fermentations. They are also found on mucosal surfaces of humans
and animal (34, 57). One of the dominant features during fermentation processes with LABs is that they
produce lactic acid as the main metabolic end product and this leads to rapid acidification and hence
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preservation of the fermented material. An additional functionality of many strains is the production of
volatile metabolites that are important flavour compound (51, 53). In fermentation the bacteria can also
play an significant role in altering textural properties of the material through e.g. proteolytic activity or the
production of extracellular polysaccharides (50).

[0093] In general the structure of fermented dairy products is very complex, consisting of caseins, whey
proteins, fat droplets, serum or whey pockets, minerals, salts and microorganisms. Throughout this paper
we refer to this structure as the matrix. In such a matrix interactions between milk components and their
functionality are studied extensively (14, 24, 31, 35, 46). For example, the rheological properties of a milk
gel depend on the size and number of fat droplets and the nature of available emulsifiers (43). If the
matrix is stabilized by low molecular weight surfactants, then the milk gel is weak and has a high
meltability, the extent to which gel flows and spreads upon heating, because the surface of fat droplets is
smooth and non-interactive. However, if fat droplets are stabilized by whey proteins, then the milk gel is
strong and has a low meltability because protein-protein cross-linking interactions are formed between
emulsified fat droplets. Other interactions in the food matrix can be hydrophobic (6), electrostatic (11),
hydrogen bonding (64), Van der Waals, depletion interaction (59), steric repulsion (16) and salt bridges(5).

[0094] In contrast to interactions between the milk components themselves very little is known about so
called microbe-matrix interactions which describe the interaction between lactic acid bacteria and matrix
components of the fermented products (7-10, 47).

[0095] Interactions between microorganisms and milk components occur via surface properties of both
particles. Bacteria as well as matrix components have a charge and hydrophobicity. The surface
properties of bacteria are determined by molecular composition of its cell wall, which can be decorated
with (lipo-) teichoic acids, proteins, pili, or (exo/capsular)polysaccharides (EPS/CPS) (13, 22, 45). The
molecular composition of the cell wall has a significant impact on the roughness of the bacterial surface,
on bacterial chaining and on cell aggregation (see example 1). These properties govern the interactions
between bacteria and the food matrix (7, 41). A well-studied example of a change in textural properties is
the production of EPS by the bacterial culture used for the fermentation. EPS are hydrocolloids that can
bind high amounts of water and therefore, increase milk ropiness and water holding capacity in protein-
free pores of the fermented milk matrix. This leads to an increase in milk viscosity and it reduces syneresis
(2, 26, 48). Additionally, the charge, stiffness and linearity of EPS molecules impact on rheological and
physical properties of the fermented milk matrix. EPS modification by partial removal of side groups leads
to its reduced efficiency as thickener (58).

[0096] Besides the role of EPS on textural properties of fermented milk little is known about the influence
of bacterial surface properties on interactions with the matrix and its functional consequences on flavour
and texture.

[0097] We here studied how the alteration of bacterial surface properties affect textural parameters and
flavour volatiles of fermented milk. This was achieved by using 25 isogenic L. /actis strains which only
differed in known surface properties and cell morphologies. We have found that particular surface
alterations not only lead to distinct differences in gel hardness and viscosity of fermented milk but also to
significant alterations in some flavour volatiles. Therefore, based on our results we conclude that bacteria
can be used as structure elements in fermented foods.

Materials and methods
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Bacterial strains and growth conditions

[0098] L. /actis was grown in M17 broth (Oxoid Ltd, Basingstroke, Hampshire, UK) supplemented wither
with 1% glucose (GM17) or with 1% lactose (LM17) at 30°C. When required, erythromycin (Ery; 10 pg/ml),
chloramphenicol (Cm; 5 pug/ml), rifampicin (Rif;, 50 pg/ml), or streptomycin (Str; 100 pg/ml) were added to

the indicated end-concentrations.
Table 4. Strains and plasmids used in this study.

No j{L. Jactis strains Characteristic Reference
1 {NCDO712 L. lactis dairy isolate, /ac*, contains 6 plasmids - (19),
pLP712, pSH71, pSH72, pSH73, pSH74, pNZ712. example 1
herein
2 INCDOT712(plL253 {EryR: harboring pIL253 with pilin operon spaCB-spaA- {example 1
pil) srtC1-srtC2 from NCDO712 herein
3 MG1363 Plasmid-cured derivative of A. factis NCDO712 (19)
MG1363(pIL253pil {EryR: [ jactis MG1363 harboring plL253 with pilin example 1
) operon spaCB-spaA-srtC1-srtC2 from NCDO712 herein
5 {MG1363(pIL253pil {EryR; L Jactis MG1363 harboring pIL253 and pilin example 1
A1) operon spaCB-spaA-srtC1-srtC2 from NCDO712with  {herein
1,5-kb internal deletion in spaCB
6 {MG1299(pIL253pil {EryR: [ lactis lac* derivative of NCDO712 which example 1
) additionally to pLP712 harboring the pilin operon herein
(spaCB-spaA-srtC1-srtC2) from the same NCDO712
strain
7 {MG1299 Derivative of L. /actis NCDO712, harbors pLP712; Jac* {(19)
8 MG1362 Derivative of L. Jactis NCDO712 (described to harbor  {(19)
pSH72)
9 MG1063 Derivative of L. Jactis NCDO712 (described to harbor  {(19)
pSH73 and pSH72)
10 {MG1261 Derivative of L. Jactis NCDO712 (described to harbor  {(19)
pSH73)
11 {MG1365 Derivative of L. Jactis NCDO712 (described to harbor  {(19)
pSH71)
12 {MG1614 StrR and RifR; derivative of A. Jactis MG1363 (19)
13 IMG1614_clu* Jac*. Transconjugant of MG1614, harbors pLP712 example 1
from NCDO712 and shows clumping phenotype. herein
14 IMG1614_clu Lac*. Transconjugant of MG1614, harbors pLP712 example 1
from NCDO712 and show non-clumping phenotype. herein
15 {MG1363AacmA Derivative of L. Jactis MG1363 with deletion of acmA, {(55)
which leads to chaining phenotype
16 {MG1363AahrC Derivative of L. Jactis MG1363 with deletion of ahrC (32)
17 {IL1403AacmAacm |Derivative of L. Jactis IL1403 with deletion of (63)
D acmAacmD, which leads to chaining phenotype
18 {IL1403(plL253pil) {EryR: Derivative of L. lactis L1403 harboring pilin example 1
operon from pSH74 of NCDO712; shows chaining herein
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No j{L. lactis strains Characteristic Reference
phenotype and high hydrophobicity

19 {MG1363AditD Derivative of L. Jactis MG1363 with deletion of d/tD (15, 56)

20 {MG1363(pIL253)  {EryR: Derivative of L. lactis MG1363 harboring plasmid | &xample 1
plL253 herein

21 {1L1403 Plasmid-free derivative of L. lactis |L594 4)

22 {MG1363pNZ521(p {cmR and EryR; derivative of L. /actis MG1363 example 1

IL253pil) harboring pNZ521 and plL253pil (spaCB-spaA-srtC1- {herein

srtC2) from the NCDO712 strain

23 {MG1363pNZ521  {cmR; derivative of L. lactis MG1363 harboring (44)
proteolytic positive genes on pNZ521

24 {MG1363AgalE Derivative of L. lactis MG1363 with deletion of galE (23)
leading to chain formation without galactose in a
growth medium

25 {MG1363pNZ4120 {EryR: derivative of L. lactis MG1363 harboring EPS  {(3)
gene cluster from B40

Plasmids

1 iplL253pil EryR: 13.1kb; pIL253 harboring pSH74 pilin operon example 1
spaCB-spaA-srtC1-srtC2 with 300 bp upstream region {herein

2 iplL253pilA1 EryR; 11.6 kb; pIL253 harboring spaCB-spaA-srtC1-  {example 1
srtC2 with 1,5-kb internal deletion in spaCB herein

3 ipNZ521 CmR; encodes the extracellular serine proteinase (44)
(PrtP) from strain SK110

4 pLP712 The 55.39 kb plasmid encoding genes for lactose (65)
catabolism and a serine proteinase involved in casein
degradation

5 iplL233 EryR; 4.9kb; Low copy-number derivative of pAMpB1 (49)

6 ipNZ4120 EmR; pIL253 derivative containing a 17-kb Ncol (3)
fragment carrying the eps gene cluster from NIZO B40

[0099] For experiments carried out in milk, full fat pasteurized and homogenized milk (3.6g/100ml fat,
3.5g/100ml protein, 4.7g/100ml lactose) (Friesland Campina) was purchased from a local shop and
sterilized at 115°C for 15 min to denature whey proteins and aggregate them with caseins and fats (9).

Milk was supplemented with sterile 50% glucose solution (4% final concentration) and sterile 20% Bacto ™"
Casitone (Pancreatic digest of casein, BD, Sparks, MD, USA) solution to 0.2% final concentration to
ensure growth of lactose and protease negative strains respectively. For lactose and protease positive
strains this supplementation was replaced by the addition of the same volume of water to the milk. The
warm (30°C) milk was inoculated with 2% v/v overnight culture.

[0100] Milk acidification rate and pH. Acidification rates and final pH were measured with a Cinac 14
ph+2T (Alliance instruments, Freppilon, France). pH electrodes were inserted into 10 ml tubes with

inoculated milk and samples were measured for 21 h at 30°C every 6 min.

[0101] Sedimentation profile of fermented milk. 400 pl of inoculated milk were transferred into
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LUMiFuge rectangular 2 mm synthetic cells (www.lum-gmbh.de).The cuvettes were incubated statically for
approximately 21 hours at 30°C. Non-inoculated milk was used as a control. Sedimentation profiles of the

fermented milk samples were determined using a LUMiFuge® 110-02 Technology (LUM GmbH, Berlin,
Germany) according to the manufacturer's instructions. The rectangular synthetic cells (2 mm, PC) with
400ul fermented milk were centrifuged at 2325 g at 20°C for 1 h. The measurement interval of the optical
density along the cuvette was 30 sec, which created 121 profiles. The light factor was 2. The
sedimentation rates of the samples were calculated using SepView5 to determine the slope of the
integrated transmission change in time. Slopes with the highest fit (r>0.98) were used for sample
comparison.

[0102] Matrix structure visualized with confocal laser scanning microscopy (CLSM). One ml
homogenized milk was supplemented 15 pl of a solution of 0.5% Acridine Orange and 0.025% Rhodamine
B to stain proteins and fat droplets. This milk was inoculated with 1% overnight culture and 1 pl Syto 9
(non-diluted solution) was directly added to the sample to stain the bacterial cells. The inoculated milk
sample was transferred to a CLSM slide with a cylindrical plastic cup attached to it which was then
covered with a lid (ref to Hassan 1995) to prevent evaporation. The sample was incubated for 21 h at
30°C.

[0103] Images were taken using a Leica TCS SP 5 confocal laser scanning microscope (Leica
Microsystems CMS GmbH, Mannheim, Germany) with Leica application Suite Advanced Fluorescence v.
2.7.3. build 9723. The Argon laser was used to visualize the bacteria stained with Syto9, and DPSS 561
laser was used to visualize milk protein/fat droplet matrix stained by Acridine Orange and Rhodamine B.
The objective lens used was HCX PL APO 63x/1.2 /water CORR CS.

[0104] Volatile compounds with GC-MS. After the gel hardness measurements the milk samples (2.1 g)
were transferred to a 10-mL dark brown glass headspace vial and were kept at -20°C until analyzed. After
sample thawing, 50 pl of internal standard (trichloropropane 5 ppm) was added to each sample. Volatile
compounds were measured as earlier described (11) with the following changes. We used a Solid Phase
Micro Extration (SPME) extraction method with a grey fiber
(Carboxen/polydimethylsiloxane/divinylbenzene, Supelco, USA) for 20 minutes at 40°C. The compounds
were separated on a 30 mx0.25 ym FactorFour column (Agilent, The Netherlands) with a 1ms (df =1 ym)
stationary phase. The total run time, including cooling, was approximately 36 min. Mass spectra were
recorded by a DSQ mass spectrometer (Thermo Fisher Scientific Inc.). The fingerprints (chromatograms)
were studied to detect differences in volatile compounds between the samples (control strain and
derivatives). Peaks that were different between samples were identified using the NIST MS Search library
version 2.0. For those peaks that could be identified the peak area was calculated using the software
package Xcalibur (Thermo).

[0105] Gel strength of fermented milk. The bacterial strains were pre-cultured overnight in milk
supplemented with the appropriate antibiotic if required. For the gel strength and viscosity measurements,
300 ml milk was inoculated with 2% of the strains pre-cultured as described above. The 300 ml milk
samples did not contain any antibiotics to minimize differences between samples. The prepared milk was
distributed to 100 ml sterile glass cups (70 mm diameter). The cups were incubated statically for 21 hours
at 30°C.

[0106] Gel strength was measured with a Texture Analyzer (TA XTplus, Stable Micro Systems Ltd.,
Sprundel, NL) equipped with a 5 kg load cell. 100 ml of fermented milk were compressed uniaxially to a
depth of 20 mm with a constant speed of 1 mm/sec by a probe with a grid-like geometry having 10 mm
side squared openings. The peak force applied on the sample corresponds to the hardness of the milk
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gel.

[0107] Viscosity of fermented milk. After the texture analysis, the viscosity of the fermented milk was
measured with a rotational viscometer (Haake Searle RV20 Rotovisco and RC 20 Rheocontroller,
ThermoScientific, Hofheim, Germany) with MV2P (middle viscous profiled) rotor. 60 g fermented milk was
transferred to the MVP cup and allowed to rest for 15 min. After resting the sample was measured at the

shear rate gradually increased from 0 to 400 s! for 5 min and then decreased from 400 to 0 s~ for 5 min.

Results

Surface altered lactococci

[0108] To investigate if changes in cell surface properties affect product functionality, we performed
assays using isogenic Lactococcus lactis strains that differed in surface charge, hydrophobicity, chaining,
clumping, attachment to proteins, pili expression and EPS production (Table 5).

Table 5. Phenotypic characteristics of L. /actis strains (n=3) in a stationary growth phase at pH of 6.7.
Charge has negative values and is shown in mV, CSH stands for cell surface hydrophobicity, Att_NaCN -
for attachment to sodium caseinate, Att_ NaNCS0C - for attachment to sodium caseinate heated at 90°C
for 10 min, Att_ParaCN - for attachment to paracaseinate, and E24 means emulsion stability after 24 h.

L. lactis ZP, mV iCSH, % jAtt_NaCN,jAtt_NaCN90Att ParaCN;iE24,%
% C,% , %o
Pili overexpressing strains are chaining and clumping
IL1403 -9.2+0.5 {0+19.89 §41.65%+13.5{67.22+2.24 {63.66+1.56 {0+0
9
IL1403(plL253pil) 13.87+1. {93.24+4. §1.7910.66 {010 29.36+15.34§88.89+19
25 47 25
MG1299 30.25+2. ;75.4843. {82.83+2.7 {82.71+0.27 {79.231+2.16 ;35.6124.
05 26 85
MG1299(pIL253pil) §18.111.2 {99.0641. {27.9424.22;0+0 30.22+52.34199.3340.
9 16 58
MG1363plL253 -26.4+1.8{3.7516.8 {17.748.65 {37.86+25.39 {80.5646.19 {0+0
4
MG1363 (plL253pif) §11.87+0. §94.0312. {4.61+2.93 §1.88+0.59 6.12+10.59 §85.24+15
21 16 .01
MG1363pNZ521 31.670. ;18.74+10{90.34+2.76{88.82+2.43 §79.1718.96 {010
76 9
MG 1363pNZ52 1 16.97+1. i{99+1.04 040 00 010 65.56+29
(pIL2 53pil) 89 .88
NCDO712 19.71£0.4 {99.44+0. {96.0210.64{95.68+2 94.74+0.6 {99.6710.
6 32 58
NCDO712(plL253pil) §-20.5+1.3{96.314£0. §1.74+0.5 {37.9549.96 ;35.08+16.81§100+0
62
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Chaining phenotype

IL 12.0340.
1403AacmAacmDi 35

MG1363AacmA 131.4+1.4 :15.534.
2 48

28.7320. {14.91%4.
76 44

29.17+0. §15.3843.
21 52

Non-chaining, non-clumping phenotype

9.48+4.5 8 {97.1740.6 }96.24+2.07 §96.37+1.27 ;010

88.95+0.68 }87.56+0.97 ;83.51£9.96 ;0+0

MG1363AgalE 94.24+2.05 {95.63+0.53 {37.494+24.57 010

MG1363 AditD 84.94+0.62 §{83.91+3.05 {92.4+3.16 {00

MG1363

6

30.2+0.6

5.78+0.2

82.3+0.9

82.77+1.95

79.38+1.73

010

MG1261

16

30.03+1.

21.7610. 2

93.96+1.39

92.55+0.83

88.7646.29

010

MG1063

-29+0.87

16.67+0

89.47+2 .64

89.61+2.05

83+5.07

010

MG1362

25

31.6743.

5.56+9.6 2

89.58+3.43

84.9349.73

79.62+14 .1

010

MG1365

16

30.3341.

28.5946.
12

92.92+1.76

93.1+1.27

76.6+26.36

010

MG1614_clu”

-39.4+0.5

73.85+4.05

96.34+0.88

94.64+0.63

89.4+4.95

010

MG1363AahrC

21

29.5341.

79.93+10
.68

84.47+1.12

81.01£2.73

80.24+1.68

23.81+2.
06

MG1363(pIL253pilA1

16.9310.

79.67+16

66+£10.93

64.53+14.39

86.28+5.22

97.7843.

) 87
Clumping phenotype

MG1614 41.97+2.
43 12

35.9740. {90.18+3.
4 74

.92 85

20.3943. 97.12+0.8 }94.83+4.11 {97.66+1.25 {010

81.69+15 {58.13+26.29{94.6+0.64 {31.3314.

MG1614_clu*
04

EPS producing
MG1363

30.2+0.6
6

18.8+2.1
9

5.78+0.2 {82.3+0.9 {82.77+1.95 {79.38+1.73 {010

MG1363pNZ4120 0+23.76 96.17+1 98.27+0.52 {97.374£0.15 {010

[0109] The 25 strains included variants with different plasmids from the dairy isolate NCDO712 and
strains in which particular genes were deleted or over-expressed. Deletion of acmA, acmAacmD, ditD and
galE lead to a cell chaining and introduction of pNZ4120, a plasmid encoding the EPS gene cluster from L.
lactis NIZO B40, lead to EPS production in MG1363 and an increased surface charge. We recently
isolated transconjugant strains of MG1614 obtained by conjugation of the plasmid pLP712 from
NCDO712. (Tarazanova et al. manuscript in preparation) (4). All transconjugants isolated during these
experiments were indeed shown to carry the protease/lactose plasmid pLP712 (12). However, although
there was transfer of pLP712 other changes occurred as two other phenotypes we found one which gives

loose cocci and has a high surface hydrophobicity (designated MG1614_clu™), and the other phenotype
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which showed a clumping phenotype and the same high hydrophobicity (designated MG1614 clu*)
(Tarazanova et al. manuscript in preparation). Other MG1363 derivatives such as MG1365, MG1362,
MG1063, MG1261, MG1299 differ from MG1363 by carrying of 1 or 2 plasmids from NCDO712 (shown in
Table 4). Recently identified is a lactococcal gene cluster encoding the spaCB-spaA-srtC1-srtC2 genes
whose overexpression results in the appearance of pili like structures on the cell surface (example 1). This
pili expression results in chain formation, cell clumping and a high surface hydrophobicity. A strain with an
internal deletion of 1.5 kb in spaCB (designhated as MG1363(plL253pilA1)) does not show chaining and
clumping but it retains high cell surface hydrophobicity. In this strain pili seem to be expressed but are not
attached to the cell surface. These strains have also been used in this analysis (Table 5).

Acidification rates

[0110] As the acidification rate and the final pH during milk fermentation can influence textural properties
we followed the pH for all strains during 21 h of milk fermentation (Table 6). Fast acidification of milk
results in excessive syneresis, while very slow milk acidification leads to a formation of a weaker gel (21,
33, 36-39). While the maximum acidification rates for most strains were ~0.5pH/h, strains showing a
chaining phenotype (MG1363AacmA, MG1363AgalE) the pilin harboring strain MG1363(plL253pif) and its
control strain MG1363(pll,253) had slower maximum acidification rates (Table 6). The final pH for all milk
samples fermented by derivatives of L. /actis MG1363 strains was 4.25+0.04, with the exception of the
proteolytic positive strain harboring pili MG1363pNZ521(plL253pif) and strain 11,1403 and derivatives.
Table 6. End pH and maximum acidification rate for selected L. /actis strains

L. lactis strain pH Max acidification rate (pH/h)
NCDO712 4.2410.06 -0.51
MG1363 4.24%0.05 -0.53
MG1362 4.2+0.04 -0.52
MG1063 4.19+0.05 -0.53
MG1261 4.21%0.05 -0.54
MG1365 4.2+0.05 -0.50
MG1363(plL253) 4.29+0.05 -0.36
MG1363(plL253pil) 4.23+0.05 -0.39
MG1299 4.23+0.05 -0.49
MG1299(plL253pi) 4.27+0.05 -0.54
MG1363AacmA 4.24%0.05 -0.42
MG1363AahrC 4.28+0.03 -0.56
MG1363Ad/HD 4.24%0.05 -0.52
MG1363AgalE 4.21%0.05 -0.45
MG1614 4.23+0.05 -0.54
MG1614(pLP712)_clu* 4.27+0.05 -0.50
MG1614(pLP712)_clu 4.270.06 -0.50
MG1363pNZ4120 4.3410.07 -0.53
MG1363pNZ521(plL253pil) 4.77+0.04 -0.46
MG1363pNZ521 4.22+0.05 -0.49
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L. lactis strain pH Max acidification rate (pH/h)
IL1403 4.45+0.02 -0.53
IL1403AacmAacmD 4.39+0.01 -0.51
IL1403(plL253pil) 4.47+0.01 -0.51

[0111] Sedimentation profiles (LUMiFuge). To investigate the influence of cell surface properties on
milk stability, sedimentation profiles were measured. The principle of the measurement is that
transmission of the sample is measured over the complete height of a cuvette in time during centrifugation
of the cuvette. If a milk sample is stable, particles adsorb the light, and transmission remains low over the
complete sample size. If the sample is not stable during centrifuging, sedimentation from the top to the
bottom of cuvette is detected through an increase in transmission on the cleared part of the sample. Our
results indicate a low sedimentation slope for milk fermented with the EPS producing MG1363pNZ4120
which is consistent with the fact that EPS binds water molecules, and therefore, exhibits lower syneresis
and high viscosity (2, 3, 5, 8). We found that neither the over-expression of pili on surface of lactococcal
bacteria nor cell chaining or clumping did affect the sedimentation profile when compared to control
strains.

[0112] Localization of cells in fermented milk. To investigate if alterations of the bacterial cell surface
affect the location of cells in fermented milk we used confocal laser scanning microscopy (CLSM). Images
from undisturbed coagulated milk were taken from samples that were fermented on the imaging slide
itself. Due to the sedimentation of cells during the fermentation and the limited depth at which CSLM
allows imaging (~40 um) the number of cells in the image might be higher than in the middle of a sample.
However, the visualized effect of surface properties on the bacterial location in a fermented dairy product
is indicative for what occurs throughout the product. Imaging of the undisturbed fermented milk therefore
provides information of the behavior of the bacteria in situ, as the components and the undisturbed
structure of the fermented product can be observed. The results showed obvious differences between
various strains. For example loose cocci and clumping cocci locate in the protein matrix close to serum
regions (Figure 7, A and C); aggregated cells of MG1363(plL253pif) tightly fill the cavities between the
coagulated proteins in fermented milk (Figure 7, B); chaining cells localize in a freeway in milk matrix: go
through proteins and serum regions as well as locate in close proximity to those regions (Figure 7, D and
E); EPS producing cells locate in serum regions (Figure 7, F). Interestingly, the localization effect of pilin
over-expression in MG1363 was not observed in strain 11,1403 indicating that such effect might be
background dependent. Overall CLSM results indicate that the surface properties can have a profound
effect on the bacterial location in the food matrix.

[0113] Flavour volatiles. To determine the effect of altered surface properties on flavour volatiles of
fermented milk we analyzed the volatile compounds in the headspace of fermented milk using GC-MS.
The analysis resulted in some statistically significant changes in flavour volatiles. For example, pili over-
expression led to chaining and clumping and statistically significantly increased the formation of flavour
volatiles during milk fermentation. This phenomenon might be explained by highly increased (>90%)
hydrophobicity, and the bacteria with more hydrophobic surfaces have a bigger affinity for aroma
compounds (7). However, because the magnitude of the differences is limited, less than 10 fold, all
significant differences in flavour can probably not be perceived. This means that with the present invention
the texture of fermented milk can be changed without changing the flavour.

[0114] Gel hardness. We measured gel hardness and viscosity to determine if cell surface properties
influence the rheological parameters of fermented milk. The gel hardness for MG1363(plL253pil)
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increased by approximately 46% compared to control MG1363(pll,253) (p=0.009). A similar trend was
observed for a proteolytic-positive strain overexpressing pili (MG1363pNZ521(plL253pil) which increased
the milk gel strength by 15% (p=0.04). For other three strains NCDO712(pIL253pil), MG1299(pIL253pil),
and 1L1403(plL253pil) the gel hardness did not change compared to their control strains (p>0.05). The
results for IL1403(plL253pil) could be explained by very low amount of pili on the surface of this bacteria
compared to MG1363(plL253pif). We would like to note that the acidification rates were similar for the
samples MG1363(pll,253) and MG1363(plL263pil) and for proteolytic positive samples MG1363pNZ521
and MG1363pNZ521(plL263pil), and can, therefore, be excluded as influencing factor on gel hardness.
We also investigated if the combination of pili producing strains with EPS producers in the same
fermentation leads to synergy effects on gel hardness, but did not find such effects (Table 7).

[0115] Gel hardness measurements showed that it is significantly altered by using cells that either form
chains or have a clumping phenotype. IL1403AacmAacmD, a chain forming derivative of L1403,
decreased the gel hardness when compared to its control strain IL1403. A similar trend was observed for

chaining MG1363AacmA when it is compared to its control MG1363. The clumping strain MG1614_clu*
increased gel hardness by 4.3% compared to its control MG1614, however, changes in gel hardness
below 10% are thought to not be perceived in the mouth. As an increase in gel hardness is not seen for all
strains where the pili were overexpressed we conclude that the effect is strain dependent which can be
explained by different surface properties of the strains used.

[0116] Together these results show that bacteria with pili on its surface can significantly enhance the milk
gel strength.

Table 7. Gel hardness (g) and viscosity (mPa's) of milk fermented by surface altered lactococci. The

results show the average of 3 biological replications.

Gel Viscosity,

Strain hardness (g) | pH mPa-s

Pili overexpressing strains compare to their control strains without pili

MG1363pNZ521 42.8+0.4 4.22+0.05 | 773£64.3

MG1363pNZ521(pIL253pil) 49.142.8° | 4.34+0.006 | 1027.2+30°

MG 1299 38.5900.6 | 4.23£0.05 | 726.1468. |

MG1299(pIL253pil) 38.2+0.6 4.27£0.001 | 797=54

MG1363pNZ4120 48.9£1.9 4.32+0.006 | 4556£37.7

MG1363pNZ4120+NCDO712 45.64+6.8 4.18+0.01 | 2847+117.1

MG1363pNZ4120+NCDO7T12(pIL253pil) | 46.97+1.48 | 42140 2976+105.5

Chaining strains
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MG1363 47.242.08 4.24£0.06 | 926.1£50.5

MG1363AacmA 41.5+1.08" 4.24+0.05 | 1034.7£18.9

Transconjugants (clumping/non-clumping)

MG1614 40+0.43 4.23£0.05 | 832.5+40.9
MG1614_clu 3941.19 427+0.06 | 73937
MG1614 clu® 41.7+1 4.27£0.05 | 887.9+28

NCDO712 derivatives carrying 1 or 2 plasmids;

MG1363 derivatives with deletion of 1 gene

NCDO712 42.4+1.3 4.24£0.06 | 867.2+106.1
MG1363 43.78+0.89 | 4.24+0.05 | 926.1+£50.5
MGI1363Aahr(C 43.84+0.43 4.28+0.03 | 771+205.5
MGI1363AdID 43.9+£0.56 4.24+:0.05 | 891.9+£66.9
MG1363Agall: 44.71+0.58 | 4.21+0.05 | 871.1+181.3
MG1063 45.17£0.39 | 4.19£0.05 | 986.97+£20.7
MG1261 414091 4.21+£0.05 | 790.97+20.6
MG1362 44.1+0.81 4.2+0.04 945.14+40.9
MG1299 38.59+0.6 4.23£0.05 | 726.1+68.1

* Significant at p < 0.05 — comparisons were made to non-surface modificd controls with the samc

gray-color code in the rows above.

[0117] Viscosity was increased by 19-35% in milk fermented with MG1363(pIL253pil) (p=0.0005) and
MG1363pNZ521(pIL253pil) (p=0.003) compared to the control conditions fermented with MG1363plL253
and MG1363pNZ521, respectively (Table 7). An increased viscosity, however not significant, was
observed for pili overexpressing strains such as lactose/protease positive strain MG1299(plL253pil)
(p=0.23) and for L. /actis IL1403(plL253pil) (p=0.26). In comparison to milk fermented with the EPS
producing strain MG1363pNZ4120 the increase in viscosity caused by pili production is lower. There was
no synergy effects found when milk was fermented with a 1:1 mixture of EPS and pili producing strains.
However it is likely that that an up to 35% increase in viscosity caused by pili expression is a substantial
alteration of food texture.

[0118] When cells produced a high number of pili they also showed increased chaining. These strains
formed milk gels with increased viscosity. For example, the chaining strain MG1363AacmA and
IL1403AacmAacmD formed milk gel with a viscosity which increased by 11% and by approximately 50%
compared to their controls MG1363 (p=0.025) and IL1403 (p=0.026) shown in Table 7. Acidification rate
can be excluded as influencing factor on milk viscosity for it is similar for the compared samples. The
results of milk viscosity show that surface properties such as cell aggregation, chaining, formation of EPS
and pili, increase product thickness in the range of 20-48%.

Correlation between surface properties and textural parameters of fermented milk product.

[0119] No correlation was seen between cell surface charge, surface hydrophobicity, attachment to
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proteins, and emulsion stability, these are all independent parameters. However, the surface morphology
such as clumping, expression of pili and EPS formation influence the charge, hydrophobicity and
attachment to proteins. For example, by making correlations for only pili-overexpressed stains and its
control strains we saw that the presence of pili on bacterial surface led to increased surface
hydrophobicity and, consequently, emulsion stability (r = 0.91), while in general emulsion stability and
hydrophobicity are independent parameters. Furthermore, clumping, over-expression of pili and EPS
formation influence the gel hardness and viscosity (r>0.82). Importantly, no correlation was seen between
pH and viscosity (r = -0.07) and between pH and gel hardness (r = -0.59). Thus, chaining, clumping,
formation of pili or EPS influence both the cells surface properties and textural parameters of a product.

Discussion.

[0120] Here we investigated the potential role of bacterial surface properties and morphologies on the
production of volatile metabolites, the structure, and the textural parameters of fermented milk. The
surface properties of lactococci were modified in terms of chaining, clumping, exopolysaccharide
formation, and pili over-expression. All surface alterations were in an isogenic background to be able to
compare the results. Furthermore, the milk composition, milk pre-treatment and fermentation conditions
were the same to eliminate the influence of these factors on the results. The acidification rate of used
strains was also measured to be sure that the acidification speed between strain of interest and its control
strains are similar. Additionally, pH of fermented milk did not correlate with milk viscosity and gel hardness.
Therefore, all these mentioned parameters can be excluded as influencing factors on structure, texture,
and volatiles' formation of fermented milk.

[0121] The results not only demonstrate that alteration of cell surface properties (chaining, clumping,
formation of exopolysaccharides, pili over-expression) affect cell surface charge, hydrophobicity and the
attachment to proteins, but also textural parameters of fermented milk, including viscosity, gel hardness
and the bacterial localization in the food matrix (Table 8). Based on the observed effects of cell surface
composition on textural parameters of fermented milk, we hypothesize that bacteria could be considered
as structure element in a food matrix.

Table 8. The summary of textural parameters of milk gel fermented with surface altered lactococci.

Phenotype Strain Viscosity Gel hardness

Pili over-expression {MG1363(plL253pil) 1* 1*
MG1363(plL253pilA1) 1* 1*
MG1363pNZ521(plL253pil) §1* 1*
MG1299(pIL253pil) 1 1
NCDO712(pIL253pil) ~ L*
IL1403(plL253pil) 1 ~

Chaining IL1403AacmAacmD 1* 1*
MG1363AacmA 1* L*

Clumping Transconjugant 5 1 1*

1 - increased; = - did not change; | - decreased; * - significance (p<0.05)
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[0122] As structure element bacterial cells possess amphiphilic surface properties, so the cells are
charged and at the same time have hydrophobic areas which are determined by the complex molecular
composition of cell wall. For example, the pili-overexpression in the strain MG1363plL253 led in neutral
pH to decreased charge from -26.4+1.8 mV to -11.87+0.21 mV, and increased hydrophobicity from 5% to
96%. The charge decrease can be explained by the positive net-charge of pilin proteins. Additionally, the
charged residues of the pilin protein should be reflected on the outside of the pilus because charged
residues in the core of a tight 3D structure are generally unfavorable; and most positive charge is from
arginine which is quite bulky and double occurrences of a few positively charged amino acids would hinder
protein folding even further (66). However, the surface of lactococcal bacteria is much more complex;
therefore, the overall net surface charge of pili expressing strains remains negative. As well as having
positively and negatively charged regions, pili have 30-40% hydrophobic patches (based on protein
sequence analysis) which would be buried in the protein molecule or they will be involved in the inter-
protein connections during pili organization. Possibly these pili hydrophobic patches are responsible for
the increase in the cell surface hydrophobicity from 5-20% to 99%.

[0123] Bacterial surfaces engage in physico-chemical interactions with milk components. The cell surface
composition is the polymeric layer. There are various interactions that can occur between the molecules of
the polymeric layer of bacteria and milk components or between cell surfaces of two bacteria: Van der
Waals interactions (29), electrostatic repulsions and attractions, hydrogen bonds, hydrophobic
interactions, salt bridges and steric interactions (6, 60) (Figure 9). The combination of all of these
interactions at the same time is also possible. The structure, stability and textural properties of fermented
milk matrix are determined by the type of microbe-matrix interaction and interaction force. The type of
microbe-matrix interactions depend not only on the pH, the bacterial localization in milk before
fermentation, the nutrient distribution in milk matrix, the roughness of the cell surface but also on the strain
itself. Importantly, for most lactococcal cells, pH does not influence the cell surface charge, it constantly
remains negative. Modifying the cell surface morphology, changes are seen surface properties, and
consequently microbe-matrix interactions. The end result of this all is that the structure and textural
parameters of milk significantly change.

[0124] Possessing amphiphilic properties and having complex surface molecular composition, as a
structural element bacteria can have several roles in a fermented milk: 1) interact with proteins and other
milk components or not, 2) can locate in serum regions or in protein matrix, and 3) form clumps or not.
Based on these three items, the impact of bacteria on textural milk properties can be found. Considering
the first item, bacterial surfaces engage in physico-chemical interactions with milk components. The cell
surface composition we can call polymeric layer. Between the molecules of the polymeric layer of bacteria
and milk proteins or between cell surfaces of two bacteria combination of several interactions can occur at
the same time: Van der Waals interactions (26), electrostatic repulsions and attractions, hydrogen bonds,
hydrophobic interactions, salt bridges, and steric interactions (5, 57). For instance, for LGG the force
between micellar casein (or denatured whey) protein and cell is about 0.4 nN (6), and it is very strain-
dependent. The type of microbe-matrix interaction and force strength between microbe-matrix seem to
determine the structure, stability, and textural properties of fermented milk matrix. The type of microbe-
matrix interactions depend on the pH, the bacterial localization in milk before fermentation, the nutrient
distribution in milk matrix, the roughness of the cell surface and the strain itself. Importantly, for most
lactococcal cells, the pH does not influence the cell surface charge, it constantly remains negative. We
saw that by modifying the cell surface morphology, we change surface properties, and consequently
microbe-matrix interactions. As a result, the structure and textural parameters of milk significantly change.
In milk (pH 6.7) electrostatic repulsion occurs between negatively charged casein molecules and between
milk proteins and negatively charged bacterial cells through presence of acid/base groups on their
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surfaces (e.g. in proteins). Electrostatic interactions depend on the pH and ion concentration in milk. At the
same time the cell surface contains also hydrophobic patches (surface proteins, pili) which interact with
hydrophobic patches of milk proteins or other bacterial surface molecules (pili or other surface proteins).
Hydrophobic interactions are the strongest and its strength increases when the temperature increases
(59). During milk fermentation the pH drops from 6.7 to 4.2 via coagulation point 4.6 of caseins (25).
Protein aggregation starts already at pH 5.2 - 5.3, and at pH 4.6 casein micelles aggregate, because the

negative charge of caseins is shielded by H* of lactic acid produced by the bacteria. Subsequently,
hydrophobic patches of casein molecules unfold and milk proteins start to aggregate via hydrophobic
interactions. At this point bacterial cells which do not interact with milk components become incorporated
in the milk gel network. When the pH decreases below coagulation pH 4.6 of casein micelles, milk proteins
become positively charged. |In this case the bacterial attachment to milk proteins is governed by a
combination of interactions including electrostatic and hydrophobic forces.

[0125] The second and third mentioned roles of bacteria were cell location in serum regions or in protein
matrix and formation of chains/clumps which increases fermented milk viscosity and gel hardness. The
microscopic observations of the cell localization of pili over-expressing cells in the milk matrix seem to
show a more dense milk gel structure. These cells seem to be localized in the serum regions (Figure 7
and Figure 8, panel B). Pili over-expression increased the viscosity of fermented milk up to 35% (Table 7).
This was seen independently for three pili over-expressing strains: MG1363(plL253pil),
MG1363pNZ521(plL253pif), MG1299(pIL253pif), but not for NCDO712(plL253pil) and 1L1403(plL253pil),
which indicates that this effect might be background dependent. NCDO712 already harbors the pilin genes
which make differences upon increasing the expression less pronounced. For IL1403 electron microscopy
showed relatively few pili on the surface which might explain our findings. Importantly, a 20% increase in
viscosity is likely to be perceived in a mouth and it would be interesting to test this in a sensory analysis.
Increased viscosity might be explained by the increased solid content of proteins aggregates with cell
aggregates in the milk serum phase. Here the size and shape of particles is of importance: cells form very
strong aggregates and locate in serum cavities which mean the amount of free water is decreased.

[0126] As it was mentioned above, chaining bacteria (acmA/acmD deletions) increased viscosity up to 12-
48%, but decrease gel hardness by 6-14% (Table 7, Figure 8, panel C). The decreased gel hardness
might be explained by cavities of serum in milk matrix: they do not provide any additional bonds to make
gel stronger, and also possibly that the cells, which do not interact with the aggregated caseine micelles,
are thus not included in the matrix but end up more like structure breakers, it means the matrix has to
form around them. The increased viscosity of milk matrix fermented with chaining cells might be explained
by cell morphology, cell size e.g. length is of importance here. No changes in volatile formation were
detected for chaining strains compared to non-chaining controls. It could be explained by unchanged cell
surface hydrophobicity leading to inability to bind more volatile molecules or simply because chaining does
not affect the formation of any volatiles.

[0127] Such cell localization in the cavities of protein matrix, cell surface roughness, less cavities in the
protein matrix, cell chaining, strong forces between cell-cell connections, attraction forces between cells-
proteins, all these parameters seem to provide high viscosity and gel strength to milk matrix. Overall our
findings suggest that by altering surface properties of dairy starter cultures it is possible to change product
properties such as gel hardness and milk viscosity without changing the volatile profile. It will be highly
interesting to see if the indicated properties can be perceived in sensory analysis. This would open
possibilities to develop new concepts to improve fermented products.

Example 3. Bacteria as structural elements in a fermented food product: cell distribution in whey
and curd.
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[0128] A functional property investigated in cheese manufacturing was if alterations on the cell surface of
a dairy bacterial strain according to the invention changes the fraction of cells that remain in curd during
cheese making. The results are listed in Table 9 here below. In contrast to earlier believes that in general
roughly 90% of the cells remains in the curd and 10% is in the whey, the data showed variations from
~50% to ~80% of cells remaining in the curd with a bacterial cell that is not a bacterial cell according to the
invention. Introduction of the empty vector pll,253 into strain MG1363 increased the fraction of cells in the
curd from ~50% to ~ 86%. This is intriguing as the empty vector harbours only replication genes and an
antibiotic marker. However, we did see with electron microscopy that the introduction of the empty pll,253
plasmid leads to an altered cell morphology. When overexpressing the pilin operon from pll,253 the
fraction of cells remaining in curd increases further to ~98%. In cheese produced with an EPS producing
strain only (MG1363pNZ4120) ~50% of cells remained in the curd while the combination of this strains
with pili producing strains during manufacturing increased the cell fraction in curd to 99%. Together this
indicates significant effects of surface properties/decoration on the cell distribution in curd and whey
during cheese making using a dairy bacterial strain according to the invention.

Table 9: Cell distribution in whey and curd (%) after cell surface alterations.

CFU/ml whey CFU/g curd Fraction in curd

STRAIN (%)
MEAN SD MEAN SD MEAN SD
Pili overexpression
MG1299 4 13E+07 | 2.33E+07 | 3.74E+08 | 3.19E+08 79.30{ 16.62
MG1299pil 7.05E+05 { 1.19E+05 | 4.02E+08 §{ 2.46E+07 99.82; 0.04
L1403 4 23E+06 { 3.46E+06 | 1.03E+07 { 6.66E+06 65.43] 31.23
IL1403pil 2.72E+05 { 1.17E+04 §| 5.98E+07 | 9.28E+06 99.54{ 0.09
MG1363 1.54E+07 | 1.28E+07 | 1.42E+07 | 1.13E+07 49.73{ 8.24
MG1363plL253 4 69E+06 | 2.98E+06 | 3.06E+07 | 1.56E+07 86.75{ 4.19
MG1363pil_28 1.76E+06 { 1.43E+06 | 8.08E+07 | 7.29E+07 9741} 0.82
MG1363pil_17 6.62E+05 § 3.48E+05 | 1.73E+07 | 1.18E+07 95.71f 1.25
Mixture of EPS and pili producing strains

MG1363pNZ4120 5.62E+06 {1.18E+06 {6.77E+06 {1.99E+06 {54.13 517
MG1363pil+MG1363eps {5.23E+05 {3.73E+05 j4.48E+07 {3.45E+07 {98.75 0.29

REFERENCE LIST

[0129]

1. 1. Abbasnezhad, H., J. M. Foght, and M. R. Gray. 2011. Adhesion to the hydrocarbon phase
increases phenanthrene degradation by Pseudomonas fluorescens LP6a. Biodegradation 22:485-
96.

2. 2. Amatayakul, T., a. L. Halmos, F. Sherkat, and N. P. Shah. 2006. Physical characteristics of



10.

11.

12.

13.

14.

15.

16.

17.

18.

DK/EP 3430173 T3

yoghurts made using exopolysaccharide-producing starter cultures and varying casein to whey
protein ratios. Int. Dairy J. 16:40-51.

. 3. Boels, I. C., R. Van Kranenburg, W. Marja, B. F. Chong, W. M. De Vos, M. W. Kanning, and M.

Kleerebezem. 2003. Increased Exopolysaccharide Production in Lactococcus lactis due to
Increased Levels of Expression of the NIZO B40 eps Gene Cluster Increased Exopolysaccharide
Production in Lactococcus lactis due to Increased Levels of Expression of the NIZO B40 eps Gene
69:8-11.

. 4. Bolotin, A., P. Wincker, and S. Mauger. 2001. The complete genome sequence of the lactic acid

bacterium Lactococcus lactis ssp. lactis IL1403. Genome Reseach 731-753.

. 5. Bosshard, H. R., D. N. Marti, and |. Jelesarov. 2004. Protein stabilization by salt bridges:

Concepts, experimental approaches and clarification of some misunderstandings. J. Mol. Recognit.
17:1-16.

. 6. Burgain, J., C. Gaiani, G. Francius, a M. Revol-Junelles, C. Cailliez-Grimal, S. Lebeer, H. L. P.

Tytgat, J. Vanderleyden, and J. Scher. 2013. In vitro interactions between probiotic bacteria and
milk proteins probed by atomic force microscopy. Colloids Surf. B. Biointerfaces. Elsevier B.V.
104:153-62.

. 7. Burgain, J., J. Scher, G. Francius, F. Borges, M. Corgneau, a. M. Revol-Junelles, C. Calilliez-

Grimal, and C. Gaiani. 2014. Lactic acid bacteria in dairy food: Surface characterization and
interactions with food matrix components. Adv. Colloid Interface Sci. Elsevier B.V. 213:21-35.

. 8. Burgain, J., J. Scher, S. Lebeer, J. Vanderleyden, C. Cailliez-Grimal, M. Corgneau, G. Francius,

and C. Gaiani. 2014. Significance of bacterial surface molecules interactions with milk proteins to
enhance microencapsulation of Lactobacillus rhamnosus GG. Food Hydrocoll. Elsevier Ltd 41:60-
70.

. 9. Burgain, J., J. Scher, S. Lebeer, J. Vanderleyden, M. Corgneau, J. Guerin, C. Caillet, J. F. L.

Duval, G. Francius, and C. Gaiani. 2015. Impacts of pH-mediated EPS structure on probiotic
bacterial pili-whey proteins interactions. Colloids Surfaces B Biointerfaces. Elsevier B.V. 134:332-
338.

10. Busscher, H.,, and A Weerkamp. 1987. Specific and non-specific interactions in bacterial
adhesion to solid substrata. FEMS Microbiol. Lett. 46:165-173.

11. Cheng, J., Y. Ma, X. Li, T. Yan, and J. Cui. 2015. Effects of milk protein-polysaccharide
interactions on the stability of ice cream mix model systems. Food Hydrocoll. Elsevier Ltd 45:327-
336.

12. Costa, N. E., D. J. O'Callaghan, M. J. Mateo, V. Chaurin, M. Castillo, J. a. Hannon, P. L. H.
McSweeney, and T. P. Beresford. 2012. Influence of an exopolysaccharide produced by a starter on
milk coagulation and curd syneresis. Int. Dairy J. Elsevier Ltd 22:48-57.

13. Delcour, J., T. Ferain, M. Deghorain, E. Palumbo, and P. Hols. 1999. The biosynthesis and
functionality of the cell-wall of lactic acid bacteria. Antonie Van Leeuwenhoek 76:159-84.

14. Dickinson, E. 2015. Microgels - An alternative colloidal ingredient for stabilization of food
emulsions. Trends Food Sci. Technol. Elsevier Ltd 43:178-188.

15. Duwat, P, A. Cochu, S. D. Ehrlich, and A. Gruss. 1997. Characterization of Lactococcus lactis
UV-sensitive mutants obtained by ISS1 transposition . Characterization of Lactococcus lactis UV-
Sensitive Mutants Obtained by ISS1 Transposition. Microbiology 179:4473-4479.

16. Evans, M., |. Ratcliffe, and P. a. Williams. 2013. Emulsion stabilisation using polysaccharide-
protein complexes. Curr. Opin. Colloid Interface Sci. Elsevier Ltd 18:272-282.

17. Folkenberg, D. M., P. Dejmek, A. Skriver, H. Skov Guldager, and R. Ipsen. 2006. Sensory and
rheological screening of exopolysaccharide producing strains of bacterial yoghurt cultures. Int. Dairy
J. 16:111-118.

18. Gallardo-Escamilla, F. J., a. L. Kelly, and C. M. Delahunty. 2005. Influence of Starter Culture on
Flavor and Headspace Volatile Profiles of Fermented Whey and Whey Produced from Fermented



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

DK/EP 3430173 T3

Milk. J. Dairy Sci. Elsevier 88:3745-3753.

19. Gasson, M. J. 1983. Plasmid complements of Streptococcus lactis NCDO 712 and other lactic
streptococci after protoplast-induced curing. J. Bacteriol. 154:1-9.

20. Gasson, M. J., and F. L. Davies. 1980. High-frequency conjugation associated with
Streptococcus lactis donor cell aggregation . J. Bacteriol. 143:1260-1264.

21. Gastaldi, E., a Lagaude, S. Marchesseau, B. T. D. E. L. a Fuente, and B. T. DelaFuente. 1997.
Acid Milk Gel Formation as Affected by Total Solids Content. J. Food Sci. 62:671-676.

22. Giaouris, E., M.-P. Chapot-Chartier, and R. Briandet. 2009. Surface physicochemical analysis of
natural Lactococcus lactis strains reveals the existence of hydrophobic and low charged strains with
altered adhesive properties. Int. J. Food Microbiol. Elsevier B.V. 131:2-9.

23. Grossiord, P, E. J. Luesink, E. E. Vaughan, A. Arnaud, W. M. De Vos, B. P. Grossiord, E. J.
Luesink, E. E. Vaughan, A. Arnaud, and W. M. De Vos. 2003. Characterization , Expression , and
Mutation of the Lactococcus lactis galPMKTE Genes , Involved in Galactose Utilization via the Leloir
Pathway. Society 185:870-878.

24. Hadde, E. K, T. M. Nicholson, J. a. Y. Cichero, and C. Deblauwe. 2015. Rheological
characterisation of thickened milk components (protein, lactose and minerals). J. Food Eng.
Elsevier Ltd 166:263-267.

25. Hamet, M. F., J. a. Piermaria, and A. G. Abraham. 2015. Selection of EPS-producing
Lactobacillus strains isolated from kefir grains and rheological characterization of the fermented
milks. LWT - Food Sci. Technol. Elsevier Ltd 63:129-135.

26. Hassan, A. N., R. Ipsen, T. Janzen, and K B. Qvist. 2003. Microstructure and Rheology of
Yogurt Made with Cultures Differing Only in Their Ability to Produce Exopolysaccharides. J. Dairy
Sci. 86:1632-1638.

27. Hassan, A. N., J. F. Frank, and K B. Qvist. 2002. Direct observation of bacterial
exopolysaccharides in dairy products using confocal scanning laser microscopy. J. Dairy Sci.
Elsevier 85:1705-8.

28. Holt, C., J. a. Carver, H. Ecroyd, and D. C. Thorn. 2013. Invited review: Caseins and the casein
micelle: Their biological functions, structures, and behavior in foods. J. Dairy Sci. Elsevier 96:6127-
6146.

29. Jacobs, a., F. Lafolie, J. M. Herry, and M. Debroux. 2007. Kinetic adhesion of bacterial cells to
sand: Cell surface properties and adhesion rate. Colloids Surfaces B Biointerfaces 59:35-45.

30. Jarunglumlert, T., K. Nakagawa, and S. Adachi. 2015. Influence of aggregate structure of casein
on the encapsulation efficiency of B-carotene entrapped via hydrophobic interaction. Food Struct.
Elsevier Ltd. 5:42-50.

31. Joyner (Melito), H. S., and H. Damiano. 2015. Influence of various hydrocolloids on cottage
cheese cream dressing stability. Int. Dairy J. Elsevier Ltd 51:24-33.

32. Larsen, R., G. Buist, O. P. Kuipers, and J. Kok. 2004. ArgR and AhrC Are Both Required for
Regulation of Arginine Metabolism in Lactococcus lactis. J. Bacteriol. 186:1147-1157.

33. Lee, W J., and J. a. Lucey. 2010. Formation and physical properties of yogurt. Asian-
Australasian J. Anim. Sci. 23:1127-1136.

34. Leroy, F., and L. De Vuyst. 2004. Lactic acid bacteria as functional starter cultures for the food
fermentation industry. Trends Food Sci. Technol. 15:67-78.

35. Li, J.-M., and S.-P. Nie. 2015. The functional and nutritional aspects of hydrocolloids in foods.
Food Hydrocoll. Elsevier Ltd.

36. Lucey, J. a., and H. Singh. 1997. Formation and physical properties of acid milk gels: A review.
Food Res. Int. 30:529-542.

37. Lucey, J. a, C. T. Teo, P. a. Munro, and H. Singh. 1997. Rheological properties at small
(dynamic) and large (yield) deformations of acid gels made from heated milk. J. Dairy Res. 64:591-
600.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

DK/EP 3430173 T3

38. Lucey, J. a. 2004. Cultured dairy products: an overview of their gelation and texture properties.
Int. J. Dairy Technol. 57:77-84.

39. Lucey, J. a. 2001. The relationship between rheological parameters and whey separation in milk
gels. Food Hydrocoll. 15:603-608.

40. Ly, M. H., M. Aguedo, S. Goudot, M. L. Le, P. Cayot, J. a. Teixeira, T. M. Le, J.-M. Belin, and Y.
Waché. 2008. Interactions between bacterial surfaces and milk proteins, impact on food emulsions
stability. Food Hydrocoll. 22:742-751.

41. Ly-Chatain, M. H., M. Linh, M. L. Le, J. Belin, Y. Waché, M. Le Thanh, J. Belin, and Y. Waché.
2010. Cell surface properties affect colonisation of raw milk by lactic acid bacteria at the
microstructure level. Food Res. Int. Elsevier Ltd 43:1594-1602.

42. Macciola, V., G. Candela, and a. De Leonardis. 2008. Rapid gas-chromatographic method for
the determination of diacetyl in milk, fermented milk and butter. Food Control 19:873-878.

43. Mao, VY., and D. J McClements. 2013. Modulation of food texture using controlled
heteroaggregation of lipid droplets: Principles and applications. J. Appl. Polym. Sci. nfa-n/a.

44 Meijer, W. C., and J. Hugenholtz. 1997. Proteolytic enzyme activity in lactococci grown in
different pretreated milk media. J. Appl. Microbiol. 83:139-46.

45. Meyrand, M., A. Guillot, M. Goin, S. Furlan, J. Armalyte, S. Kulakauskas, N. G. Cortes-Perez, G.
Thomas, S. Chat, C. Péchoux, V. Dupres, P. Hols, Y. F. Dufréne, G. Trugnan, and M.-P. Chapot-
Chartier. 2013. Surface proteome analysis of a natural isolate of Lactococcus lactis reveals the
presence of pili able to bind human intestinal epithelial cells. Mol. Cell. Proteomics 12:3935-47.

46. Morell, P, S. M. Fiszman, P. Varela, and |. Hernando. 2014. Hydrocolloids for enhancing satiety:
Relating oral digestion to rheology, structure and sensory perception. Food Hydrocoll. Elsevier Ltd
41:343-353.

47. Ploux, L., A. Ponche, and K. Anselme. 2010. Bacteria/Material Interfaces: Role of the Material
and Cell Wall Properties. J. Adhes. Sci. Technol. 24:2165-2201.

48. Prasanna, P. H. P, a. S. Grandison, and D. Charalampopoulos. 2013. Microbiological, chemical
and rheological properties of low fat set yoghurt produced with exopolysaccharide (EPS) producing
Bifidobacterium strains. Food Res. Int. Elsevier Ltd 51:15-22.

49. Simon, D., and A. Chopin. 1988. Construction of a vector plasnfid family and its use for
molecular cloning in Streptococcus lactis 70:559-566.

50. Smid, E. J.,, and M. Kleerebezem. 2014. Production of Aroma Compounds in Lactic
Fermentations. Annu. Rev. Food Sci. Technol. 5:313-326.

51. Smit, B. a, W. J. M. Engels, M. Alewijn, G. T. C. a Lommerse, E. a H. Kippersluijs, J. T. M.
Wouters, and G. Smit. 2004. Chemical conversion of alpha-keto acids in relation to flavor formation
in fermented foods. J. Agric. Food Chem. 52:1263-8.

52. Smit, B. A, J. E. T. van Hylckama Vlieg, W. J. M. Engels, L. Meijer, J. T. M. Wouters, and G.
Smit. 2005. I|dentification, cloning, and characterization of a Lactococcus lactis branched-chain
alpha-keto acid decarboxylase involved in flavor formation. Appl. Environ. Microbiol. 71:303-11.

53. Smit, G., B. a Smit, and W. J. M. Engels. 2005. Flavour formation by lactic acid bacteria and
biochemical flavour profiling of cheese products. FEMS Microbiol. Rev. 29:591-610.

54 Sodini, |., F. Remeuf, S. Haddad, and G. Corrieu. 2004. The relative effect of milk base, starter,
and process on yogurt texture: a review. Crit. Rev. Food Sci. Nutr. 44:113-37.

55. Steen, A, G. Buist, G. J. Horsburgh, G. Venema, O. P. Kuipers, S. J. Foster, and J. Kok. 2005.
AcmA of Lactococcus lactis is an N-acetylglucosaminidase with an optimal number of LysM domains
for proper functioning. FEBS J. 272:2854-2868.

56. Steen, A, E. Palumbo, M. Deghorain, S. Cocconcelli, J. Delcour, O. P. Kuipers, G. Buist, P. Hols,
P. S. Cocconcelli, and J. Kok. 2005. Autolysis of Lactococcus lactis Is Increased upon d-Alanine
Depletion of Peptidoglycan and Lipoteichoic Acids Autolysis of Lactococcus lactis Is Increased upon
D -Alanine Depletion of Peptidoglycan and Lipoteichoic Acids. J. Bacteriol. 187:114-124.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

DK/EP 3430173 T3

57. Stiles, M. E., and W. H. Holzapfel. 1997. Lactic acid bacteria of foods and their current
taxonomy. Int. J. Food Microbiol. 36:1-29.

58. Tuinier, R., W. H. van Casteren, P. J. Looijesteijn, H. a Schols, a G. Voragen, and P. Zoon. 2001.
Effects of structural modifications on some physical characteristics of exopolysaccharides from
Lactococcus lactis. Biopolymers 59:160-6.

59. Tuinier, R., T.-H. Fan, and T. Taniguchi. 2015. Depletion and the dynamics in colloid-polymer
mixtures. Curr. Opin. Colloid Interface Sci. Elsevier Ltd 20:66-70.

60. Ubbink, J., and P Schar-Zammaretti 2005. Probing bacterial interactions: integrated
approaches combining atomic force microscopy, electron microscopy and biophysical techniques.
Micron 36:293-320.

61. Van de Bunt, B., P. a Bron, L. Sitsma, W. M. de Vos, and J. Hugenholtz. 2014. Use of non-
growing Lactococcus lactis cell suspensions for production of volatile metabolites with direct
relevance for flavour formation during dairy fermentations. Microb. Cell Fact. 13:176.

62. Van Oss, C. J. 2003. Long-range and short-range mechanisms of hydrophobic attraction and
hydrophilic repulsion in specific and aspecific interactions. J. Mol. Recognit. 16: 177-190.

63. Visweswaran, G. R. R., A Steen, K Leenhouts, M. Szeliga, B. Ruban, A. Hesseling-Meinders,
B. W. Dijkstra, O. P. Kuipers, J. Kok, and G. Buist. 2013. AcmD, a Homolog of the Major Autolysin
AcmA of Lactococcus lactis, Binds to the Cell Wall and Contributes to Cell Separation and Autolysis.
PLoS One 8:1-11.

64. Wang, L., Y. Cao, K. Zhang, Y. Fang, K. Nishinari, and G. O. Phillips. 2015. Hydrogen bonding
enhances the electrostatic complex coacervation between x-carrageenan and gelatin. Colloids
Surfaces A Physicochem. Eng. Asp. Elsevier B.V. 482:604-610.

65. Wegmann, U., K Overweg, S. Jeanson, M. Gasson, and C. Shearman. 2012. Molecular
characterization and structural instability of the industrially important composite metabolic plasmid
pLP712. Microbiology 158:2936-45.

66. Tsumoto, K., M. Umetsu, |. Kumagai, D. Ejima, J. S. Philo, and T. Arakawa. 2004. Role of
Arginine in Protein Refolding, Solubilization, and Purification. Biotechnol. Prog. 20:1301-1308.

67. Ainsworth, S., J. Mahony, and D. van Sinderen. 2014. The plasmid complement of Lactococcus
lactis UC509.9 encodes multiple bacteriophage resistance systems. Appl. Environ. Microbiol.
80:4341-9.

68. Ainsworth, S., S. Stockdale, F. Bottacini, J. Mahony, and D. van Sinderen. 2014. The
Lactococcus lactis plasmidome: much learnt, yet still lots to discover. FEMS Microbiol. Rev.
38:1066-88.

69. Ajunwa, O. M., O. A Odeniyi, A J. Adeleke, K. E. Nwanekwu, and C. E. Obiukwu. 2014.
VARIATION IN THE PRESENCE OF PLASMIDS ASSOCIATED WITH PROTEINASE AND
BACTERIOCIN PRODUCTION OF LACTOCOCCUS LACTIS ISOLATED FROM NATURALLY
FERMENTED MILK 21:381-388.

70. AKCELIK, M. 2001. Identification of a Lactose Utilization and Copper Resistance Plasmid in
Lactococcus lactis subsp. lactis MCL64. Turkish J. Vet. Anim.... 25:783-787.

71. Anderson, D. G., and L. L. McKay. 1984. Genetic and physical characterization of recombinant
plasmids associated with cell aggregation and high-frequency conjugal transfer in Streptococcus
lactis ML3. J. Bacteriol. 158:954-62.

72. Aziz, R. K., D. Bartels, A. a Best, M. Dedongh, T. Disz, R. a Edwards, K. Formsma, S. Gerdes, E.
M. Glass, M. Kubal, F. Meyer, G. J. Olsen, R. Olson, A. L. Osterman, R. a Overbeek, L. K McNeil,
D. Paarmann, T. Paczian, B. Parrello, G. D. Pusch, C. Reich, R. Stevens, O. Vassieva, V. Vonstein,
A Wilke, and O. Zagnitko. 2008. The RAST Server: rapid annotations using subsystems technology.
BMC Genomics 9:75.

73. Barrick, J. E., G. Colburn, D. E. Deatherage, C. C. Traverse, M. D. Strand, J. J. Borges, D. B.
Knoester, A. Reba, and A G. Meyer. 2014. Identifying structural variation in haploid microbial



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

DK/EP 3430173 T3

genomes from short-read resequencing data using breseq. BMC Genomics 15:1039.

74. Belkum, M. J. V. A N., B. J. A N. Hayema, R. E. Jeeninga, J. A. N. Kok, and G. Venema. 1991.
Organization and Nucleotide Sequences of Two Lactococcal Bacteriocin Operons 57:492-498.

75. Bolotin, A., P. Wincker, and S. Mauger. 2001. The complete genome sequence of the lactic acid
bacterium Lactococcus lactis ssp. lactis IL1403. Genome Reseach 731-753.

76. Broadbent, J. R., and J. K. Kondo. 1991. Genetic construction of nisin-producing Lactococcus
lactis subsp. cremoris and analysis of a rapid method for conjugation. Appl. Environ. Microbiol.
57:517-524.

77. Campelo, A B., C. Roces, M. L. Mohedano, P. Lépez, A. Rodriguez, and B. Martinez. 2014. A
bacteriocin gene cluster able to enhance plasmid maintenance in Lactococcus lactis. Microb. Cell
Fact. 13:77.

78. Carver, T., S. R. Harris, M. Berriman, J. Parkhill, and J. a McQuillan. 2012. Artemis: an
integrated platform for visualization and analysis of high-throughput sequence-based experimental
data. Bioinformatics 28:464-9.

79. Casey, J., C. Daly, and G. F. Fitzgerald. 1991. Chromosomal integration of plasmid DNA by
homologous recombination in Enterococcus faecalis and Lactococcus lactis subsp. lactis hosts
harboring Tn919. Appl. Environ. Microbiol. 57:2677-2682.

80. Clarke, M., L. Maddera, R. L. Harris, and P. M. Silverman. 2008. F-pili dynamics by live-cell
imaging. Proc. Natl. Acad. Sci. U. S. A 105:17978-17981.

81. Coakley, A. D., G. F. Fitzgerald, and R. P. Ross. 1997. Application and Evaluation of the Phage
Resistance- and Bacteriocin-Encoding Plasmid pMRCO01 for the Improvement of Dairy Starter
Cultures 63:1434-1440.

82. Cozzi, R., A. Nuccitelli M. D'Onofrio, F. Necchi, R. Rosini, F. Zerbini, M. Biagini, N. Norais, C.
Beier, J. L. Telford, G. Grandi, M. Assfalg, M. Zacharias, D. Maione, and C. D. Rinaudo. 2012. New
insights into the role of the glutamic acid of the E-box motif in group B Streptococcus pilus 2a
assembly. FASEB J. 26:2008-18.

83. Cui, Y., T. Hu, X. Qu, L. Zhang, Z. Ding, and A Dong. 2015. Plasmids from Food Lactic Acid
Bacteria: Diversity, Similarity, and New Developments. Int. J. Mol. Sci. 16:13172-13202.

84. Dai, G., N. W. Dunn, G. E. Allison, K. L. Jury, P. Su, and P. Zhu. 2000. Improvement of plasmid
encoded lactococcal bacteriophage resistance by mutator strain Epicurian coli XL1-Red 721-725.
85. Davey, G. P. 1984. Plasmid Associated with Diplococcin Production in Streptococcus cremoris
48:895-896.

86. Davies, F. L., H. M. Underwood, and M. J. Gasson. 1981. The Value of Plasmid Profiles for
Strain Identification in Lactic Streptococci and the Relationship between Streptoccocus lactis 712,
ML3 and C2. J. Appl. Microbiol. 51:325-337.

87. De Jong, A., H. Pietersma, M. Cordes, O. P. Kuipers, and J. Kok. 2012. PePPER: a webserver
for prediction of prokaryote promoter elements and regulons. BMC Genomics 13:299.

88. De Vos, W. 1987. Gene cloning and expression in lactic streptococci. FEMS Microbiol. Lett.
46:281-295.

89. Douillard, F. P. P, P. Rasinkangas, |. von Ossowski, J. Reunanen, A. Palva, and W. M. M. de
Vos. 2014. Functional Identification of Conserved Residues Involved in Lactobacillus rhamnosus
Strain GG Sortase Specificity and Pilus Biogenesis. J. Biol. Chem. 289:15764-15775.

90. Duan, K., C. Q. Liu, Y. J. Liu, J. Ren, and N. W. Dunn. 1999. Nucleotide sequence and
thermostability of pND324, a 3.6-kb plasmid from Lactococcus lactis. Appl. Microbiol. Biotechnol.
53:36-42.

91. Efstathiou, J., and L. McKay. 1977. Inorganic salts resistance associated with a lactose-
fermenting plasmid in Streptococcus lactis. J. Bacteriol. 130:257-265.

92. Eijsink, V. G. H., L. Axelsson, D. B. Diep, L. S. Havarstein, H. Holo, and |. F. Nes. 2002.
Production of class Il bacteriocins by lactic acid bacteria; an example of biological warfare and



DK/EP 3430173 T3

communication 639-654.

93. 93. Fallico, V., R. P. Ross, G. F. Fitzgerald, and O. McAuliffe. 2012. Novel conjugative plasmids from
the natural isolate Lactococcus lactis subspecies cremoris DPC3758: a repository of genes for the
potential improvement of dairy starters. J. Dairy Sci. Elsevier 95:3593-608.

94. 94. Filloux, A. 2010. A variety of bacterial pili involved in horizontal gene transfer. J. Bacteriol.
192:3243-5.

95. 95. Gasson, M. J. 1983. Plasmid complements of Streptococcus lactis NCDO 712 and other lactic
streptococci after protoplast-induced curing. J. Bacteriol. 154:1-9.

96. 96. Gasson, M. J., and F. L. Davies. 1980. High-frequency conjugation associated with
Streptococcus lactis donor cell aggregation . J. Bacteriol. 143:1260-1264.

97. 97. Gasson, M. J., S. Swindell, S. Maeda, and H. M. Dodd. 1992. Molecular rearrangement of
lactose plasmid DNA associated with high-frequency transfer and cell aggregation in Lactococcus
lactis 712. Mol. Microbiol. 6:3213-23.

98. 98. Gevers, D., G. Huys, and J. Swings. 2003. In vitro conjugal transfer of tetracycline resistance
from Lactobacillus isolates to other Gram-positive bacteria. FEMS Microbiol. Lett. 225:125-130.

99. 99. Godon, J. J., K Jury, C. A Shearman, and M. J. Gasson. 1994. The Lactococcus lactis sex-
factor aggregation gene cluA. Mol. Microbiol. Wiley Online Library 12:655-63.

100. 100. Gérecki, R. K., A. Koryszewska-Baginska, M. Go
te
biewski, J. Zylinska, M. Grynberg, and J. K Bardowski. 2011. Adaptative Potential of the
Lactococcus Lactis I1L594 Strain Encoded in Its 7 Plasmids. PLoS One 6:22238.

101. 101. Grohmann, E., G. Muth, and M. Espinosa. 2003. Conjugative plasmid transfer in gram-positive
bacteria. Microbiol. Mol.... 67:277-301.

102. 102. Holo, H., and I. F. Nes. 1989. High-Frequency Transformation , by Electroporation , of
Lactococcus lactis subsp . cremoris Grown with Glycine in Osmotically Stabilized Media 55:3119-
3123.

103. 103. Ingham, C. J., M. van den Ende, P. C. Wever, and P. M. Schneeberger. 2006. Rapid antibiotic
sensitivity testing and trimethoprim-mediated filamentation of clinical isolates of the
Enterobacteriaceae assayed on a novel porous culture support. J. Med. Microbiol. 55:1511-9.

104. 104. Jack, R. W., J. R. Tagg, and B. Ray. 1995. Bacteriocins of Gram-Positive Bacteria. Microbiol.
Rev. 59:171-200.

105. 105. Kankainen, M., L. Paulin, S. Tynkkynen, |I. von Ossowski, J. Reunanen, P. Partanen, R.
Satokari, S. Vesterlund, A. P. a Hendrickx, S. Lebeer, S. C. J. De Keersmaecker, J. Vanderleyden, T.
Hamalainen, S. Laukkanen, N. Salovuori, J. Ritari, E. Alatalo, R. Korpela, T. Mattila-Sandholm, A.
Lassig, K. Hatakka, K. T. Kinnunen, H. Karjalainen, M. Saxelin, K. Laakso, A. Surakka, A. Palva, T.
Salusjarvi, P. Auvinen, and W. M. de Vos. 2009. Comparative genomic analysis of Lactobacillus
rhamnosus GG reveals pili containing a human- mucus binding protein. Proc. Natl. Acad. Sci. U. S.
A 106:17193-8.

106. 106. Khunajakr, N., C. Liu, P. Charoenchai, and N. Dunn. 1999. A plasmid-encoded two-component
regulatory system involved in copper-inducible transcription in Lactococcus lactis. Gene 229:229-
235.

107. 107. Klaenhammer, T. R., and R. B. Sanozky. 1985. Conjugal transfer from Streptococcus lactis
ME2 of plasmids encoding phage resistance, nisin resistance and lactose-fermenting ability:
evidence for a high-frequency conjugative plasmid responsible for abortive infection of virulent
bacteriophage. J. Gen. Microbiol. 131:1531-41.

108. 108. Kline, K., K. Dodson, M. Caparon, and S. Hultgren. 2010. A tale of two pili. assembly and
function of pili in bacteria. Trends Microbiol. 18:224-232.

109. 109. Kojic, M., B. Jovcic, |. Strahinic, J. Begovic, J. Lozo, K. Veljovic, and L. Topisirovic. 2011.
Cloning and expression of a novel lactococcal aggregation factor from Lactococcus lactis subsp.



DK/EP 3430173 T3

lactis BGKP1. BMC Microbiol. 11:265.

110. 110. Kojic, M., |. Strahinic, and L. Topisirovic. 2005. Proteinase Pl and lactococcin A genes are
located on the largest plasmid in Lactococcus lactis subsp . lactis bv . diacetylactis S50 314:305-
314.

111. 111. Kok, J., J. M. van der Vossen, and G. Venema. 1984. Construction of plasmid cloning vectors
for lactic streptococci which also replicate in Bacillus subtilis and Escherichia coli. Appl. Environ....
48:726-731.

112. 112. Kuipers, O. P, P. G. G. a De Ruyter, M. Kleerebezem, and W. M. De Vos. 1997. Controlled
overproduction of proteins by lactic acid bacteria. Trends Biotechnol. 15:135-140.

113. 113. Kumar, P., S. Henikoff, and P. C. Ng. 2009. Predicting the effects of coding non-synonymous
variants on protein function using the SIFT algorithm. Nat. Protoc. 4:1073-1081.

114. 114. Le Bourgeois, P, M. L. Daveran-Mingot, and P. Ritzenthaler. 2000. Genome plasticity among
related Lactococcus strains: Identification of genetic events associated with macrorestriction
polymorphisms. J. Bacteriol. 182:2481-2491.

115. 115. Le, D. T. L., T. L. Tran, M. P. Duviau, M. Meyrand, Y. Guérardel, M. Castelain, P. Loubiére, M.
P. Chapot-Chartier, E. Dague, and M. Mercier-Bonin. 2013. Unraveling the role of surface mucus-
binding protein and pili in muco-adhesion of Lactococcus lactis. PLoS One 8:e79850.

116. 116. Leenhouts, K. J., J. Kok, and G. Venema. 1991. Lactococcal plasmid pWVO1 as an integration
vector for lactococci. Appl. Environ. Microbiol. 57:2562-2567 .

117. 117. Lelie, D. Van der, and F. Chavarri. 1991. Identification of a new genetic determinant for cell
aggregation associated with lactose plasmid transfer in Lactococcus lactis. Appl.... 57.

118. 118. Linares, D. M., J. Kok, and B. Poolman. 2010. Genome sequences of Lactococcus lactis
MG1363 (revised) and NZ9000 and comparative physiological studies. J. Bacteriol. 192:5806-12.

119. 119. Liu, C., P. Charoechai, and N. Khunajakr. 2002. Genetic and transcriptional analysis of a novel
plasmid-encoded copper resistance operon from Lactococcus lactis. Gene 297:241-247.

120. 120. Maisnier-patin, S., and J. Richard. 1996. Cell wall changes in nisin-resistant variants of Listeria
innocua grown in the presence of high nisin concentrations 97.

121. 121. Mandlik, A., A. Swierczynski, A. Das, and H. Ton-That. 2008. Pili in Gram-positive bacteria:
assembly, involvement in colonization and biofilm development. Trends Microbiol. 16:33-40.

122. 122. Marraffini, L., A. C. DeDent, and O. Schneewind. 2006. Sortases and the art of anchoring
proteins to the envelopes of gram-positive bacteria. Microbiol. Mol. Biol. Rev. 70:192-221.

123. 123. McClure, R., D. Balasubramanian, Y. Sun, M. Bobrovskyy, P. Sumby, C. a. Genco, C. K
Vanderpool, and B. Tjaden. 2013. Computational analysis of bacterial RNA-Seq data. Nucleic Acids
Res. 41:1-16.

124. 124. McKay, L. L., K a. Baldwin, and P. M. Walsh. 1980. Conjugal transfer of genetic information in
group N streptococci. Appl. Environ. Microbiol. 40:84-91.

125. 125. Meyrand, M., A Guillot, M. Goin, S. Furlan, J. Armalyte, S. Kulakauskas, N. G. Cortes-Perez,
G. Thomas, S. Chat, C. Péchoux, V. Dupres, P. Hols, Y. F. Dufréne, G. Trugnan, and M.-P. Chapot-
Chartier. 2013. Surface proteome analysis of a natural isolate of Lactococcus lactis reveals the
presence of pili able to bind human intestinal epithelial cells. Mol. Cell. Proteomics 12:3935-47.

126. 126. Mierau, |, and M. Kleerebezem. 2005. 10 years of the nisin-controlled gene expression
system (NICE) in Lactococcus lactis. Appl. Microbiol. Biotechnol. 68:705-17.

127. 127. Mierau, |., P. Leij, I. van Swam, B. Blommestein, E. Floris, J. Mond, and E. J. Smid. 2005.
Industrial-scale production and purification of a heterologous protein in Lactococcus lactis using the
nisin-controlled gene expression system NICE: the case of lysostaphin. Microb. Cell Fact. 4:15.

128. 128. Millen, A. M., P. Horvath, P. Boyaval, and D. a Romero. 2012. Mobile CRISPR/Cas-mediated
bacteriophage resistance in Lactococcus lactis. PLoS One 7:e51663.

129. 129. Mills, S., O. E. McAuliffe, A. Coffey, G. F. Fitzgerald, and R. P. Ross. 2006. Plasmids of
lactococci - genetic accessories or genetic necessities? FEMS Microbiol. Rev. 30:243-73.



DK/EP 3430173 T3

130. 130. O'Driscoll, J., F. Glynn, G. F. Fitzgerald, and D. van Sinderen. 2006. Sequence analysis of the
lactococcal plasmid pNP40: a mobile replicon for coping with environmental hazards. J. Bacteriol.
188:6629-39.

131. 131. Ojala, V., J. Laitalainen, and M. Jalasvuori. 2013. Fight evolution with evolution: plasmid-
dependent phages with a wide host range prevent the spread of antibiotic resistance. Evol. Appl.
6:925-32.

132. 132. Oxaran, V., F. Ledue-Clier, Y. Dieye, J.-M. Herry, C. Péchoux, T. Meylheuc, R. Briandet, V.
Juillard, and J.-C. Piard. 2012. Pilus biogenesis in Lactococcus lactis: molecular characterization
and role in aggregation and biofilm formation. PLoS One 7:1-18.

133. 133. Proft, T., and E. N. Baker. 2009. Pili in Gram-negative and Gram-positive bacteria - structure,
assembly and their role in disease. Cell. Mol. Life Sci. 66:613-35.

134. 134. Reunanen, J., |. von Ossowski, A. P. a Hendrickx, A. Palva, and W. M. de Vos. 2012.
Characterization of the SpaCBA pilus fibers in the probiotic Lactobacillus rhamnosus GG. Appl.
Environ. Microbiol. 78:2337-44.

135. 135. Rintahaka, J., X. Yu, R. Kant, A. Palva, and |. von Ossowski. 2014. Phenotypical analysis of the
Lactobacillus rhamnosus GG fimbrial spaFED operon: surface expression and functional
characterization of recombinant SpaFED pili in Lactococcus lactis. PLoS One 9:e113922.

136. 136. Russell, J. B. 2001. Nisin Resistance of Streptococcus bovis 67:808-813.

137. 137. Rutherford, K., J. Parkhill, J. Crook, T. Horsnell, and P. Rice. 2000. Artemis : sequence
visualization and annotation 16:944-945.

138. 138. Ruyter, P. De, O. Kuipers, and W. de Vos. 1996. Controlled gene expression systems for
Lactococcus lactis with the food-grade inducer nisin. Appl.... 62:3662-3667.

139. 139. Salminen, S., A. Von Wright, and A. Ouwehand. 2004. Lactic acid bacteria: microbiology and
functional aspects.

140. 140. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a laboratory manual.
Cold Spring Habor Laboratory press.

141. 141. Schaberg, D. R., and M. J. Zervos. 1986. Intergeneric and interspecies gene exchange in
gram-positive cocci. Antimicrob. Agents Chemother. 30:817-822.

142. 142. Scott, J. R., and D. Zahner. 2006. Pili with strong attachments: Gram-positive bacteria do it
differently. Mol. Microbiol. 62:320-30.

143. 143. Siezen, R., and B. Renckens. 2005. Complete sequences of four plasmids of Lactococcus
lactis subsp. cremoris SK11 reveal extensive adaptation to the dairy environment. Appl. Environ.
Microbiol. 71:8370-8383.

144. 144. Sim, N.-L., P. Kumar, J. Hu, S. Henikoff, G. Schneider, and P. C. Ng. 2012. SIFT web server:
predicting effects of amino acid substitutions on proteins. Nucleic Acids Res. 40:W452-7.

145. 145. Simon, D., and A Chopin. 1988. Construction of a vector plasnfid family and its use for
molecular cloning in Streptococcus lactis 70:559-566.

146. 146. Sing, W. D., and T. R. Klaenhammer. 1991. Characterization of Restriction-Modification
Plasmids from Lactococcus lactis ssp. cremoris and Their EffectsWhen Combined with pTR2030. J.
Dairy Sci. Elsevier 74:1133-1144.

147. 147. Steele, J. L., and L. L. McKay. 1986. Partial characterization of the genetic basis for sucrose
metabolism and nisin production in Streptococcus lactis. Appl. Environ. Microbiol. 51:57-64.

148. 148. Stentz, R., K Jury, T. Eaton, M. Parker, A. Narbad, M. Gasson, and C. Shearman. 2004.
Controlled expression of CIuA in Lactococcus lactis and its role in conjugation. Microbiology
150:2503-12.

149. 149. Sterkenburg, A, P. V. A N. Leeuwen, and J. T. M. Wouters. 1988. Loss of phage resistance
encoded by plasmid pSK112 in chemos- tat cultures of Lactococcus lactis ssp . cremoris SKI 10
70:451-456.

150. 150. Taguchi, F., and Y. Ichinose. 2011. Role of type IV pili in virulence of Pseudomonas syringae



DK/EP 3430173 T3

pv. tabaci 6605: correlation of motility, multidrug resistance, and HR-inducing activity on a nonhost
plant. Mol. Plant. Microbe. Interact. 24: 1001-1011.

151. 151. Telford, J. L., M. a Barocchi, |. Margarit, R. Rappuoli, and G. Grandi. 20086. Pili in gram-positive
pathogens. Nat. Rev. Microbiol. 4:509-19.

152. 152. Ton-That, H., L. a Marraffini, and O. Schneewind. 2004. Protein sorting to the cell wall
envelope of Gram-positive bacteria. Biochim. Biophys. Acta 1694:269-78.

153. 153. Ton-That, H., L. a Marraffini, and O. Schneewind. 2004. Sortases and pilin elements involved
in pilus assembly of Corynebacterium diphtheriae. Mol. Microbiol. 53:251-261.

154. 154. Ton-That, H., and O. Schneewind. 2004. Assembly of pili in Gram-positive bacteria. Trends
Microbiol. 12:228-234.

155. 155, Tripathi, P, A. Beaussart, G. Andre, T. Rolain, S. Lebeer, J. Vanderleyden, P. Hols, and VY. F.
Dufrene. 2012. Towards a nanoscale view of lactic acid bacteria. Micron. Elsevier Ltd 1-8.

156. 156. Van der Meer, J. R., J. Polman, M. M. Beerthuyzen, R. J. Siezen, O. P. Kuipers, and W. M. De
Vos. 1993. Characterization of the Lactococcus lactis nisin A operon genes nisP, encoding a
subtilisin-like serine protease involved in precursor processing, and nisR, encoding a regulatory
protein involved in nisin biosynthesis. J. Bacteriol. 175:2578-88.

157. 157. Von Ossowski, |., J. Reunanen, R. Satokari, S. Vesterlund, M. Kankainen, H. Huhtinen, S.
Tynkkynen, S. Salminen, W. M. de Vos, and A. Palva. 2010. Mucosal adhesion properties of the
probiotic Lactobacillus rhamnosus GG SpaCBA and SpaFED pilin subunits. Appl. Environ. Microbiol.
76:2049-57.

158. 158. Walsh, P. M., and L. L. McKay. 1981. Recombinant plasmid associated with cell aggregation
and high-frequency conjugation of Streptococcus lactis ML3. J. Bacteriol. 146:937-944.

159. 159. Wegmann, U., M. O'Connell-Motherway, A. Zomer, G. Buist, C. Shearman, C. Canchaya, M.
Ventura, A. Goesmann, M. J. Gasson, O. P. Kuipers, D. Van Sinderen, and J. Kok. 2007. Complete
genome sequence of the prototype lactic acid bacterium Lactococcus lactis subsp. cremoris
MG1363. J. Bacteriol. 189:3256-3270.

160. 160. Wegmann, U., K Overweg, S. Jeanson, M. Gasson, and C. Shearman. 2012. Molecular
characterization and structural instability of the industrially important composite metabolic plasmid
pLP712. Microbiology 158:2936-45.

161. 161. Wells, J. M., P W. Wilson, and R. W. Le Page. 1993. Improved cloning vectors and
transformation procedure for Lactococcus lactis. J. Appl. Bacteriol. 74:629-636.

162. 162. Zerbino, D. R. 2011. Using the Velvet de novo assembler for short-read sequencing
technologies. Curr. Protoc. Bioinforma. 1-13.

163. 163. Zerbino, D. R., and E. Bimey. 2008. Velvet: algorithms for de novo short read assembly using
de Bruijn graphs. Genome Res. 18:821-9.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not form part of
the European patent document. Even though great care has been taken in compiling the references,
errors or omissions cannot be excluded and the EPO disclaims all liability in this regard.



DK/EP 3430173 T3

Non-patent literature cited in the description

« Computational Molecular BiologyOxford University Press19880000 {4423}

+ Biocomputing: Informatics and Genome ProjectsAcademic Press19930000 [G23}

« Computer Analysis of Sequence DataHumana Press19940000 [§{33}

« VON HEINE, G.Sequence Analysis in Molecular BiologyAcademic Press19870000 {03231

* Sequence Analysis PrimerM Stockton Press19910000 {§{32.3}

« CARILLO, H.LIPMAN, DSIAM J. Applied Math.19880000vol. 48, 1073- {3023}

+ WUNSCHJ. Mol. Biol., 1970, vol. 48, 443-453 [332§]

¢ SAMBROOK et al.Molecular Cloning, A Laboratory ManualCold Spring Harbor Laboratory, Cold
Spring Harbor Laboratory Press19890000 [{348]

+ SAMBROOKRUSSELLMolecular Cloning: A Laboratory ManualCold Spring Harbor Laboratory

Press20010000 {GG48}

« AUSUBEL et al.Current Protocols in Molecular Biology, Current Protocols, USA19940000vol. 1,2,
{Du4g}

« BROWNMOolecular Biology LabFaxAcademic Press19980000vol. I, I, (4%}

« Oligonucleotide Synthesis {33481

* Nucleic Acid Hybridization {3248}

« ABBASNEZHAD, H.J. M. FOGHTM. R. GRAYAdhesion to the hydrocarbon phase increases
phenanthrene degradation by Pseudomonas fluorescens LP6a.Biodegradation, 2011, vol. 22, 485-
96 (31297

« AMATAYAKUL, T.A. L. HALMOSF. SHERKATN. P. SHAH.Physical characteristics of yoghurts made
using exopolysaccharide-producing starter cultures and varying casein to whey protein ratios.Int.
Dairy J., 2006, vol. 16, 40-51 {3128}

= BOELS, I. C.R. VAN KRANENBURGW. MARJAB. F. CHONGW. M. DE VOSM. W. KANNINGM.
KLEEREBEZEM.Increased Exopolysaccharide Production in Lactococcus lactis due to Increased
Levels of Expression of the NIZO B40 eps Gene Cluster Increased Exopolysaccharide Production in
Lactococcus lactis due to Increased Levels of Expression of the NIZO B40 epsGene, 2003, vol. 69,
8-11 [§128]

« BOLOTIN, A.P. WINCKERS. MAUGERThe complete genome sequence of the lactic acid bacterium
Lactococcus lactis ssp. lactis IL1403Genome Reseach, 2001, 731-753 {{#128] ({8128}

« BOSSHARD, H. R.D. N. MARTII. JELESAROV.Protein stabilization by salt bridges: Concepts,
experimental approaches and clarification of some misunderstandings.J. Mol. Recognit., 2004, vol.
17, 1-16 {4128}

e vitro interactions between probiotic bacteria and milk proteins probed by atomic force
microscopy.BURGAIN, J.C. GAIANIG. FRANCIUSA M. REVOL-JUNELLESC. CAILLIEZ-
GRIMALS. LEBEERH. L. P. TYTGATJ. VANDERLEYDENJ. SCHER.Colloids Surf. B.
Biointerfaces.Elsevier B.V.20130000vol. 104, 153-62 [$12%]

e Lactic acid bacteria in dairy food: Surface characterization and interactions with food matrix
components. BURGAIN, J.J. SCHERG. FRANCIUSF. BORGESM. CORGNEAUA. M. REVOL-
JUNELLESC. CAILLIEZ-GRIMALC. GAIANI.Adv. Colloid Interface Sci.Elsevier B.V.20140000vol.

« Significance of bacterial surface molecules interactions with milk proteins to enhance
microencapsulation of Lactobacillus rhamnosus GG.BURGAIN, J.J. SCHERS. LEBEERJ.
VANDERLEYDENC. CAILLIEZ-GRIMALM. CORGNEAUG. FRANCIUSC. GAIANI.Food
Hydrocoll.Elsevier Ltd20140000vol. 41, 60-70 {8128}

* Impacts of pH-mediated EPS structure on probiotic bacterial pili-whey proteins



DK/EP 3430173 T3

interactions. BURGAIN, J.J. SCHERS. LEBEERJ. VANDERLEYDENM. CORGNEAUJ. GUERINC.
CAILLETJ. F. L. DUVALG. FRANCIUSC. GAIANI.Colloids Surfaces B Biointerfaces.Elsevier
B.V.20150000vol. 134, 332-338 {3124}

BUSSCHER, H.A. WEERKAMP.Specific and non-specific interactions in bacterial adhesion to solid
substrata. FEMS Microbiol. Lett., 1987, vol. 46, 165-173 [312%8]

Effects of milk protein-polysaccharide interactions on the stability of ice cream mix model
systems.CHENG, J.Y. MAX. LIT. YANJ. CUL.Food Hydrocoll.Elsevier Ltd20150000vol. 45, 327-
336 [R3138]

Influence of an exopolysaccharide produced by a starter on milk coagulation and curd
syneresis. COSTA, N. E.D. J. O'CALLAGHANM. J. MATEOV. CHAURINM. CASTILLOJ. A.
HANNONP. L. H. MCSWEENEYT. P. BERESFORD.Int. Dairy J.Elsevier Ltd20120000vol. 22, 48-
57 {3129}

DELCOUR, J.T. FERAINM. DEGHORAINE. PALUMBOP. HOLS.The biosynthesis and functionality
of the cell-wall of lactic acid bacteria. Antonie Van Leeuwenhoek, 1999, vol. 76, 159-84 {3128}
Microgels - An alternative colloidal ingredient for stabilization of food emulsions. DICKINSON,
E.Trends Food Sci. Technol Elsevier Ltd20150000vol. 43, 178-188 [3128]

DUWAT, P.A. COCHUS. D. EHRLICHA. GRUSSCharacterization of Lactococcus lactis UV-sensitive
mutants obtained by ISS1 transposition . Characterization of Lactococcus lactis UV-Sensitive
Mutants Obtained by ISS1 Transposition.Microbiology, 1997, vol. 179, 4473-4479 [{128}

Emulsion stabilisation using polysaccharide-protein complexeseVANS, M.l. RATCLIFFEP. A.
WILLIAMS.Curr. Opin. Colloid Interface Sci.Elsevier Ltd20130000vol. 18, 272-282 {3138}
FOLKENBERG, D. M.P. DEJMEKA. SKRIVERH. SKOV GULDAGERR. IPSENSensory and
rheological screening of exopolysaccharide producing strains of bacterial yoghurt cultures.Int. Dairy
J., 20086, vol. 16, 111-118 {31231

Influence of Starter Culture on Flavor and Headspace Volatile Profiles of Fermented Whey and
Whey Produced from Fermented Milk GALLARDO-ESCAMILLA, F. J.A. L. KELLYC. M.
DELAHUNTYJ. Dairy Sci.Elsevier20050000vol. 88, 3745-3753 {122}

GASSON, M. J.Plasmid complements of Streptococcus lactis NCDO 712 and other lactic
GASSON, M. J.F. L. DAVIES.High-frequency conjugation associated with Streptococcus lactis
donor cell aggregationd. Bacteriol., 1980, vol. 143, 1260-1264 {128}

GASTALDI, E.A LAGAUDES. MARCHESSEAUB. T. D. E. L. A FUENTEB. T. DELAFUENTE.Acid
Milk Gel Formation as Affected by Total Solids Content.J. Food Sci., 1997, vol. 62, 671-676 {143}
Surface physicochemical analysis of natural Lactococcus lactis strains reveals the existence of
hydrophobic and low charged strains with altered adhesive properties. GIAOURIS, E.M.-P.
CHAPOT-CHARTIERR. BRIANDET.Int. J. Food Microbiol Elsevier B.V.20090000vol. 131, 2-
9 a1zl

GROSSIORD, PE. J. LUESINKE. E. VAUGHANA. ARNAUDW. M. DE VOSB. P. GROSSIORDE. J.
LUESINKE. E. VAUGHANA. ARNAUDW. M. DE VOSCharacterization , Expression , and Mutation of
the Lactococcus lactis galPMKTE Genes , Involved in Galactose Utilization via the Leloir
Pathway.Society, 2003, vol. 185, 870-878 [#128]

Rheological characterisation of thickened milk components (protein, lactose and minerals). HADDE,
E. K.T. M. NICHOLSONJ. A. Y. CICHEROC. DEBLAUWE.J. Food Eng.Elsevier Ltd20150000vol.
166, 263-267 [§128]

Selection of EPS-producing Lactobacillus strains isolated from kefir grains and rheological
characterization of the fermented milks. HAMET, M. F.J. A. PIERMARIAA. G. ABRAHAM.LWT -
Food Sci. Technol Elsevier Ltd20150000vol. 63, 129-135 [3128]

HASSAN, A. NR. IPSENT. JANZENK. B. QVISTMicrostructure and Rheology of Yogurt Made with
Cultures Differing Only in Their Ability to Produce Exopolysaccharides.J. Dairy Sci., 2003, vol. 86,



DK/EP 3430173 T3

1632-1638 {1291

Direct observation of bacterial exopolysaccharides in dairy products using confocal scanning laser
microscopy.HASSAN, A. N.J. F. FRANKK. B. QVIST.J. Dairy Sci.Elsevier20020000vol. 85, 1705-
8 [g13n

Invited review. Caseins and the casein micelle: Their biological functions, structures, and behavior
in foods.HOLT, C.J. A. CARVERH. ECROYDD. C. THORNJ. Dairy Sci.Elsevier20130000vol. 96,
6127-6146 {01291

JACOBS, A.F. LAFOLIEJ. M. HERRYM. DEBROUX.Kinetic adhesion of bacterial cells to sand: Cell
surface properties and adhesion rate.Colloids Surfaces B Biointerfaces, 2007, vol. 59, 35-45 {3128}
Influence of aggregate structure of casein on the encapsulation efficiency of p-carotene entrapped
via hydrophobic interaction. JARUNGLUMLERT, T.K. NAKAGAWAS. ADACHI.Food Struct Elsevier
Ltd.20150000vol. 5, 42-50 [(3123]

Influence of various hydrocolloids on cottage cheese cream dressing stability. JOYNER (MELITO),
H. S.H. DAMIANGO.Int. Dairy J.Elsevier Ltd20150000vol. 51, 24-33 {128}

LARSEN, R.G. BUISTO. P. KUIPERSJ. KOK.ArgR and AhrC Are Both Required for Regulation of
Arginine Metabolism in Lactococcus lactis.J. Bacteriol., 2004, vol. 186, 1147-1157 {44128}

LEE, W. JJ. A. LUCEYFormation and physical properties of yogurt. Asian-Australasian J. Anim. Sci,
2010, vol. 23, 1127-1136 {21291

LEROY, F.L. DE VUYST.Lactic acid bacteria as functional starter cultures for the food fermentation
industry. Trends Food Sci. Technol., 2004, vol. 15, 67-78 {3128}

The functional and nutritional aspects of hydrocolloids in foods.LI, J.-M.S.-P. NIE.Food
Hydrocoll.Elsevier Ltd. 20150000 {4281

LUCEY, J. AH. SINGH.Formation and physical properties of acid milk gels: A reviewFood Res. Int.,
1997, vol. 30, 529-542 {1241

LUCEY, J. A.C. T. TEOP. A. MUNROH. SINGH.Rheological properties at small (dynamic) and large
(yield) deformations of acid gels made from heated milk.J. Dairy Res., 1997, vol. 64, 591-
600 {01231

LUCEY, J. A.Cultured dairy products: an overview of their gelation and texture properties.Int. J.
LUCEY, J. A.The relationship between rheological parameters and whey separation in milk
gels.Food Hydrocoll., 2001, vol. 15, 603-608 {128}

LY, M. H.M. AGUEDOS. GOUDOTM. L. LEP. CAYOTJ. A. TEIXEIRAT. M. LEJ.-M. BELINY.
WACHE.Interactions between bacterial surfaces and milk proteins, impact on food emulsions
stability. Food Hydrocoll., 2008, vol. 22, 742-751 {31238}

Cell surface properties affect colonisation of raw milk by lactic acid bacteria at the microstructure
level LY-CHATAIN, M. H.M. LINHM. L. LEJ. BELINY. WACHEM. LE THANHJ. BELINY.
WACHE.Food Res. Int.Elsevier Ltd20100000vol. 43, 1594-1602 {{128]

MACCIOLA, V.G. CANDELAA. DE LEONARDIS.Rapid gas-chromatographic method for the
determination of diacetyl in milk, fermented milk and butterFood Control, 2008, vol. 19, 873-
878 [{124]

MAO, Y.D. J. MCCLEMENTS.Modulation of food texture using controlled heteroaggregation of lipid
droplets: Principles and applications.d. Appl. Polym. Sci. n/fa-n/fa., 2013, 8128}

MEIJER, W. C.J. HUGENHOLTZ.Proteolytic enzyme activity in lactococci grown in different
pretreated milk media.J. Appl. Microbiol., 1997, vol. 83, 139-46 (31291

MEYRAND, M.A. GUILLOTM. GOINS. FURLANJ. ARMALYTES. KULAKAUSKASN. G. CORTES-
PEREZG. THOMASS. CHATC. PECHOUXSurface proteome analysis of a natural isolate of
Lactococcus lactis reveals the presence of pili able to bind human intestinal epithelial cells.Mol. Cell.
Proteomics, 2013, vol. 12, 3935-47 {1221 (01481

Hydrocolloids for enhancing satiety: Relating oral digestion to rheology, structure and sensory



DK/EP 3430173 T3

perception. MORELL, P.S. M. FISZMANP. VARELAI. HERNANDO.Food Hydrocoll.Elsevier
Ltd20140000vol. 41, 343-353 {3528}

PLOUX, L.A. PONCHEK. ANSEL ME.Bacteria/Material Interfaces: Role of the Material and Cell Wall
Properties.J. Adhes. Sci. Technol., 2010, vol. 24, 2165-2201 {1287

Microbiological, chemical and rheological properties of low fat set yoghurt produced with
exopolysaccharide (EPS) producing Bifidobacterium strains. PRASANNA, P. H. PA. S.
GRANDISOND. CHARALAMPOPOULOSFood Res. Int.Elsevier Ltd20130000vol. 51, 15-22 [§128]
SIMON, D.A. CHOPIN.Construction of a vector plasnfid family and its use for molecular
cloningStreptococcus lactis, 1988, vol. 70, 559-566 {143}

SMID, E. J.M. KLEEREBEZEM.Production of Aroma Compounds in Lactic Fermentations. Annu.
Rev. Food Sci. Technol., 2014, vol. 5, 313-326 [$12%]

SMIT, B. AW. J. M. ENGELSM. ALEWIJNG. T. C. A LOMMERSEE. A H. KIPPERSLUIJSJ. T. M.
WOUTERSG. SMIT.Chemical conversion of alpha-keto acids in relation to flavor formation in
fermented foods.J. Agric. Food Chem., 2004, vol. 52, 1263-8 {3128}

SMIT, B. AJ. E. T. VAN HYLCKAMA VLIEGW. J. M. ENGELSL. MEIJERJ. T. M. WOUTERSG.
SMIT.ldentification, cloning, and characterization of a Lactococcus lactis branched-chain alpha-keto
acid decarboxylase involved in flavor formation. Appl. Environ. Microbiol., 2005, vol. 71, 303-
11 [8128]

SMIT, G.B. A SMITW. J. M. ENGELS.Flavour formation by lactic acid bacteria and biochemical
flavour profiling of cheese products.FEMS Microbiol. Rev., 2005, vol. 29, 591-610 [81£3]

SODINI, I.F. REMEUFS. HADDADG. CORRIEUThe relative effect of milk base, starter, and process
on yogurt texture: a reviewCrit. Rev. Food Sci. Nutr., 2004, vol. 44, 113-37 [§124]

STEEN, A.G. BUISTG. J. HORSBURGHG. VENEMAO. P. KUIPERSS. J. FOSTERJ. KOK.AcmA of
Lactococcus lactis is an N-acetylglucosaminidase with an optimal number of LysM domains for
proper functioning. FEBS J., 2005, vol. 272, 2854-2868 {1128}

STEEN, AE. PALUMBOM. DEGHORAINS. COCCONCELLIJ. DELCOURO. P. KUIPERSG. BUISTP.
HOLSP. S. COCCONCELLIJ. KOK.Autolysis of Lactococcus lactis Is Increased upon d-Alanine
Depletion of Peptidoglycan and Lipoteichoic Acids Autolysis of Lactococcus lactis Is Increased upon
D -Alanine Depletion of Peptidoglycan and Lipoteichoic Acids.J. Bacteriol., 2005, vol. 187, 114-
124 {01231

STILES, M. EW. H. HOLZAPFELLactic acid bacteria of foods and their current taxonomy.Int. J.
Food Microbiol., 1997, vol. 36, 1-29 {{128}

TUINIER, RW. H. VAN CASTERENP. J. LOOIJESTEIJNH. A SCHOLSA G. VORAGENP.
ZOON.Effects of structural modifications on some physical characteristics of exopolysaccharides
from Lactococcus lactis.Biopolymers, 2001, vol. 59, 160-6 {3125}

Depletion and the dynamics in colloid-polymer mixtures. TUINIER, R.T.-H. FANT. TANIGUCHI.Curr.
Opin. Colloid Interface Sci.Elsevier Ltd20150000vol. 20, 66-70 {3124}

UBBINK, J.P. SCHAR-ZAMMARETTI.Probing bacterial interactions: integrated approaches
combining atomic force microscopy, electron microscopy and biophysical techniques.Micron, 2005,
vol. 36, 293-320 {123}

VAN DE BUNTB., P. A BRONL. SIJTSMAW. M. DE VOSJ. HUGENHOLTZ.Use of non-growing
Lactococcus lactis cell suspensions for production of volatile metabolites with direct relevance for
flavour formation during dairy fermentations.Microb. Cell Fact., 2014, vol. 13, 176- {{124}

VAN OSS, C. J.Long-range and short-range mechanisms of hydrophobic attraction and hydrophilic
repulsion in specific and aspecific interactions.J. Mol. Recognit., 2003, vol. 16, 177-190 [31 281
VISWESWARAN, G. R. RA. STEENK. LEENHOUTSM. SZELIGAB. RUBANA. HESSELING-
MEINDERSB. W. DIJKSTRAO. P. KUIPERSJ. KOKG. BUIST.AcmD, a Homolog of the Major
Autolysin AcmA of Lactococcus lactis, Binds to the Cell Wall and Contributes to Cell Separation and
Autolysis.PLoS One, 2013, vol. 8, 1-11 01281



DK/EP 3430173 T3

Hydrogen bonding enhances the electrostatic complex coacervation between x-carrageenan and
gelatin. Colloids Surfaces A Physicochem. WANG, L.Y. CAOK. ZHANGY. FANGK. NISHINARIG. O.
PHILLIPS.Eng. Asp.Elsevier B.V.20150000vol. 482, 604-610 3% &3}

WEGMANN, U.K. OVERWEGS. JEANSONM. GASSONC. SHEARMAN.Molecular characterization
and structural instability of the industrially important composite metabolic plasmid
pLP712.Microbiology, 2012, vol. 158, 2936-45 [§12%] [312%]

TSUMOTO, K.M. UMETSUI. KUMAGAID. EJIMAJ. S. PHILOT. ARAKAWA Role of Arginine in
Protein Refolding, Solubilization, and Purification.Biotechnol. Prog., 2004, vol. 20, 1301-1308 [212$]
AINSWORTH, S.J. MAHONYD. VAN SINDERENThe plasmid complement of Lactococcus lactis
UC509.9 encodes multiple bacteriophage resistance systems.Appl. Environ. Microbiol., 2014, vol.
80, 4341-9 (123}

AINSWORTH, S.S. STOCKDALEF. BOTTACINIJ. MAHONYD. VAN SINDEREN.The Lactococcus
lactis plasmidome: much learnt, yet still lots to discover. FEMS Microbiol. Rev, 2014, vol. 38, 1066-
88 {01281

AJUNWA, O. M.O. A. ODENIYIA. J. ADELEKEK. E. NWANEKWUC. E. OBIUKWUVARIATION IN
THE PRESENCE OF PLASMIDS ASSOCIATED WITH PROTEINASE AND BACTERIOCIN
PRODUCTION OF LACTOCOCCUS LACTIS ISOLATED FROM NATURALLY FERMENTED MILK,
2014, vol. 21, 381-388 {31241

AKCELIK, M.ldentification of a Lactose Utilization and Copper Resistance Plasmid in Lactococcus
lactis subsp. lactis MCL64.Turkish J. Vet. Anim, 2001, vol. 25, 783-787 [#1.28]

ANDERSON, D. G.L. L. MCKAYGenetic and physical characterization of recombinant plasmids
associated with cell aggregation and high-frequency conjugal transfer in Streptococcus lactis ML3.J.
AZIZ, R. K.D. BARTELSA. A BESTM. DEJONGHT. DISZR. A EDWARDSK. FORMSMAS.
GERDESE. M. GLASSM. KUBALThe RAST Server: rapid annotations using subsystems
BARRICK, J. E.G. COLBURND. E. DEATHERAGEC. C. TRAVERSEM. D. STRANDJ. J.
BORGESD. B. KNOESTERA. REBAA. G. MEYERIdentifying structural variation in haploid microbial
genomes from short-read resequencing data using breseq.BMC Genomics, 2014, vol. 15
1039- {21291

BELKUM, M. J. V. A. N.B. J. A. N. HAYEMAR. E. JEENINGAJ. A. N. KOKG.
VENEMA.Organization and Nucleotide Sequences of Two Lactococcal Bacteriocin Operons, 1991,
vol. 57, 492-498 {31341

BROADBENT, J. RJ. K. KONDO.Genetic construction of nisin-producing Lactococcus lactis subsp.
cremoris and analysis of a rapid method for conjugation. Appl. Environ. Microbiol., 1991, vol. 57,
517-524 {3123}

CAMPELO, A. B.C. ROCESM. L. MOHEDANOP. LOPEZA. RODRIGUEZB. MARTINEZ.A
bacteriocin gene cluster able to enhance plasmid maintenance in Lactococcus lactis. Microb. Cell
Fact., 2014, vol. 13, 77- {3129}

CARVER, T.S. R. HARRISM. BERRIMANJ. PARKHILLJ. A MCQUILLAN.Artemis: an integrated
platform for visualization and analysis of high-throughput sequence-based experimental
data.Bioinformatics, 2012, vol. 28, 464-9 [{123}

CASEY, J.C. DALYG. F. FITZGERALD.Chromosomal integration of plasmid DNA by homologous
recombination in Enterococcus faecalis and Lactococcus lactis subsp. lactis hosts harboring
Tn919.Appl. Environ. Microbiol., 1991, vol. 57, 2677-2682 {123}

CLARKE, M.L. MADDERAR. L. HARRISP. M. SILVERMANF-pili dynamics by live-cell imagingProc.
Natl. Acad. Sci. U. S. A, 2008, vol. 105, 17978-17981 [31 28}

COAKLEY, A. D.G. F. FITZGERALDR. P. ROSS.Application and Evaluation of the Phage
Resistance- and Bacteriocin-Encoding Plasmid pMRCO1Improvement of Dairy Starter Cultures,



DK/EP 3430173 T3

1997, vol. 63, 1434-1440 {3138}

COZZI, R.A. NUCCITELLIM. D'ONOFRIOF. NECCHIR. ROSINIF. ZERBINIM. BIAGININ. NORAISC.
BEIERJ. L. TELFORDNew insights into the role of the glutamic acid of the E-box motif in group B
Streptococcus pilus 2a assemblyFASEB J., 2012, vol. 26, 2008-18 [3128]

CUI, Y.T. HUX. QUL. ZHANGZ. DINGA. DONG.Plasmids from Food Lactic Acid Bacteria: Diversity,
Similarity, and New Developments.Int. J. Mol. Sci., 2015, vol. 16, 13172-13202 [{124}

DAI, G.N. W. DUNNG. E. ALLISONK. L. JURYP. SUP. ZHU.Improvement of plasmid encoded
lactococcal bacteriophage resistance by mutator strain Epicurian coli XL1-Red, 2000, 721-
725 (31491

DAVEY, G. P.Plasmid Associated with Diplococcin Production in Streptococcus cremoris, 1984, vol.
48, 895-896 [(128]

DAVIES, F. L.H. M. UNDERWOODM. J. GASSON.The Value of Plasmid Profiles for Strain
Identification in Lactic Streptococci and the Relationship between Streptoccocus lactis 712, ML3 and
C2.J. Appl. Microbiol., 1981, vol. 51, 325-337 {{128]

DE JONG, A.H. PIETERSMAM. CORDESO. P. KUIPERSJ. KOK.PePPER: a webserver for
prediction of prokaryote promoter elements and regulons.BMC Genomics, 2012, vol. 13,
299- (3123

DE VOS, WGene cloning and expression in lactic streptococci. FEMS Microbiol. Lett., 1987, vol. 46,
281-295 {1381

DOUILLARD, F. P. P.P. RASINKANGASI. VON OSSOWSKIJ. REUNANENA. PALVAW. M. M. DE
VOS.Functional |dentification of Conserved Residues Involved in Lactobacillus rhamnosus Strain
GG Sortase Specificity and Pilus Biogenesis.J. Biol. Chem., 2014, vol. 289, 15764-15775 {4128}
DUAN, K.C. Q. LIUY. J. LIUJ. RENN. W. DUNN.Nucleotide sequence and thermostability of
pND324, a 3.6-kb plasmid from Lactococcus lactis. Appl. Microbiol. Biotechnol., 1999, vol. 53, 36-
42 131281

EFSTATHIOU, J.L. MCKAYInorganic salts resistance associated with a lactose-fermenting plasmid
in Streptococcus lactis.J. Bacteriol., 1977, vol. 130, 257-265 {3138}

EIJSINK, V. G. H.L. AXELSSOND. B. DIEPL. S. HAVARSTEINH. HOLOI. F. NES.Production of
class Il bacteriocins by lactic acid bacteria, an example of biological warfare and communication,
2002, 639-654 [{12931

Novel conjugative plasmids from the natural isolate Lactococcus lactis subspecies cremoris
DPC3758: a repository of genes for the potential improvement of dairy starters. FALLICO, V.R. P.
ROSSG. F. FITZGERALDO. MCAULIFFE.J. Dairy Sci.Elsevier20120000vol. 95, 3593-608 {{312%}
FILLOUX, A.A variety of bacterial pili involved in horizontal gene transfer.J. Bacteriol., 2010, vol.
192, 3243-5 [§128]

GASSON, M. J.Plasmid complements of Streptococcus lactis NCDO 712 and other lactic
streptococci after protoplast-induced curing.J. Bacteriol., 1983, vol. 154, 1-9 [§12%]

GASSON, M. J.F. L. DAVIES.High-frequency conjugation associated with Streptococcus lactis
donor cell aggregation .J. Bacteriol., 1980, vol. 143, 1260-1264 {1 231}

GASSON, M. J.S. SWINDELLS. MAEDAH. M. DODDMolecular rearrangement of lactose plasmid
DNA associated with high-frequency transfer and cell aggregation in Lactococcus lactis 712.Mol.
Microbiol., 1992, vol. 6, 3213-23 [(128}

GEVERS, D.G. HUYSJ. SWINGS.vitro conjugal transfer of tetracycline resistance from Lactobacillus
isolates to other Gram-positive bacteria. FEMS Microbiol. Lett., 2003, vol. 225, 125-130 [312$}

The Lactococcus lactis sex-factor aggregation gene cluA.GODON, J. J.K. JURYC. A.
SHEARMANM. J. GASSON.Mol. Microbiol.Wiley Online Library19940000vol. 12, 655-63 {3131
GROHMANN, E.G. MUTHM. ESPINOSA.Conjugative plasmid transfer in gram-positive
bacteria. Microbiol. Mol...., 2003, vol. 67, 277-301 [§128]

HOLO, H.l. F. NES.High-Frequency Transformation , by Electroporation , of Lactococcus lactis



DK/EP 3430173 T3

subspcremoris Grown with Glycine in Osmotically Stabilized Media, 1989, vol. 55, 3119-3123 [{1 28]
INGHAM, C. J.M. VAN DEN ENDEP. C. WEVERP. M. SCHNEEBERGERRapid antibiotic sensitivity
testing and trimethoprim-mediated filamentation of clinical isolates of the Enterobacteriaceae
assayed on a novel porous culture support.J. Med. Microbiol., 2006, vol. 55, 1511-9 {128}

JACK, R. W.J. R. TAGGB. RAY.Bacteriocins of Gram-Positive Bacteria. Microbiol. Rev, 1995, vol.
59, 171-200 {3124}

KANKAINEN, ML. PAULINS. TYNKKYNENI. VON OSSOWSKIJ. REUNANENP. PARTANENR.
SATOKARIS. VESTERLUNDA. P. A HENDRICKXS. LEBEERComparative genomic analysis of
Lactobacillus rhamnosus GG reveals pili containing a human- mucus binding protein.Proc. Natl.
Acad. Sci. U. 8. A, 2009, vol. 106, 17193-8 [g128}

KHUNAJAKR, N.C. LIUP. CHAROENCHAIN. DUNN.A plasmid-encoded two-component regulatory
system involved in copper-inducible transcription in Lactococcus lactis.Gene, 1999, vol. 229, 229-
235 (51291

KLAENHAMMER, T. R.R. B. SANOZKY.Conjugal transfer from Streptococcus lactis ME2 of
plasmids encoding phage resistance, nisin resistance and lactose-fermenting ability: evidence for a
high-frequency conjugative plasmid responsible for abortive infection of virulent bacteriophage.J.
Gen. Microbiol., 1985, vol. 131, 1531-41 (3128}

KLINE, K.K. DODSONM. CAPARONS. HULTGREN.A tale of two pili: assembly and function of pili in
bacteria. Trends Microbiol., 2010, vol. 18, 224-232 [§124]

KOJIC, M.B. JOVCICI. STRAHINICJ. BEGOVICJ. LOZOK. VELJOVICL. TOPISIROVICCloning and
expression of a novel lactococcal aggregation factor from Lactococcus lactis subsp. lactis
BGKP1.BMC Microbiol, 2011, vol. 11, 265 {{1287

KOJIC, M.I. STRAHINICL. TOPISIROVICProteinase Pl and lactococcin A genes are located on the
largest plasmid in Lactococcus lactis subsplactis bv . diacetylactis S50, 2005, vol. 314, 305-
314 {1247

KOK, J.J. M. VAN DER VOSSENG. VENEMA.Construction of plasmid cloning vectors for lactic
streptococci which also replicate in Bacillus subtilis and Escherichia coli.Appl. Environ, 1984, vol. 48,
726-731 {128}

KUIPERS, O. P.P. G. G. A DE RUYTERM. KLEEREBEZEMW. M. DE VOS.Controlled overproduction
of proteins by lactic acid bacteria. Trends Biotechnol., 1997, vol. 15, 135-140 [{14 241

KUMAR, P.S. HENIKOFFP. C. NG.Predicting the effects of coding non-synonymous variants on
protein function using the SIFT algorithm.Nat. Protoc., 2009, vol. 4, 1073-1081 {2123}

LE BOURGEOIS, P.M. L. DAVERAN-MINGOTP. RITZENTHALER.Genome plasticity among related
Lactococcus strains: Identification of genetic events associated with macrorestriction
polymorphisms.J. Bacteriol., 2000, vol. 182, 2481-2491 [{312&]}

LE, D. T. LT. L. TRANM. P. DUVIAUM. MEYRANDY. GUERARDELM. CASTELAINP. LOUBIEREM.
P. CHAPOT-CHARTIERE. DAGUEM. MERCIER-BONINUnraveling the role of surface mucus-
binding protein and pili in muco-adhesion of Lactococcus lactis.PLoS One, 2013, vol. 8,
e79850- {3123}

LEENHOUTS, K. J.J. KOKG. VENEMA.Lactococcal plasmid pWVO1 as an integration vector for
lactococci. Appl. Environ. Microbiol., 1991, vol. 57, 2562-2567 [{128}

LELIE, D. VAN DERF. CHAVARRI.ldentification of a new genetic determinant for cell aggregation
associated with lactose plasmid transfer in Lactococcus lactisAppl., 1991, vol. 57, [§124]

LINARES, D. MJ. KOKB. POOLMAN.Genome sequences of Lactococcus lactis MG1363 (revised)
and NZ9000 and comparative physiological studies.J. Bacteriol., 2010, vol. 192, 5806-12 {1248}
LIU, C.P. CHAROECHAIN. KHUNAJAKRGenetic and transcriptional analysis of a novel plasmid-
encoded copper resistance operon from Lactococcus lactis.Gene, 2002, vol. 297, 241-247 [312$}
MAISNIER-PATIN, S.J. RICHARD.Cell wall changes in nisin-resistant variants of Listeria innocua
grown in the presence of high nisin concentrations, 1996, vol. 97, [§12%}



DK/EP 3430173 T3

MANDLIK, A.A. SWIERCZYNSKIA. DASH. TON-THAT.Pili in Gram-positive bacteria: assembily,
involvement in colonization and biofilm development. Trends Microbiol, 2008, vol. 16, 33-40 {3123}
MARRAFFINI, L.A. C. DEDENTO. SCHNEEWINDSortases and the art of anchoring proteins to the
envelopes of gram-positive bacteria. Microbiol. Mol. Biol. Rev., 2006, vol. 70, 192-221 31291
MCCLURE, R.D. BALASUBRAMANIANY. SUNM. BOBROVSKYYP. SUMBYC. A. GENCOC. K.
VANDERPOOLB. TJADEN.Computational analysis of bacterial RNA-Seq data.Nucleic Acids Res.,
2013, vol. 41, 1-16 (3128}

MCKAY, L. L.K. A. BALDWINP. M. WALSH.Conjugal transfer of genetic information in group N
streptococci. Appl. Environ. Microbiol., 1980, vol. 40, 84-91 {3128}

MIERAU, I.M. KLEEREBEZEM.10 years of the nisin-controlled gene expression system (NICE) in
Lactococcus lactis. Appl. Microbiol. Biotechnol., 2005, vol. 68, 705-17 [21£3]

MIERAU, I.P. LEIJI. VAN SWAMB. BLOMMESTEINE. FLORISJ. MONDE. J. SMID.Industrial-scale
production and purification of a heterologous protein in Lactococcus lactis using the nisin-controlled
gene expression system NICE: the case of lysostaphin.Microb. Cell Fact., 2005, vol. 4, 15 [3128]
MILLEN, A. M.P. HORVATHP. BOYAVALD. A ROMEROMobile CRISPR/Cas-mediated
bacteriophage resistance in Lactococcus lactis.PLoS One, 2012, vol. 7, e51663- {81391

MILLS, S.0. E. MCAULIFFEA. COFFEYG. F. FITZGERALDR. P. ROSS.Plasmids of lactococgci -
genetic accessories or genetic necessities?FEMS Microbiol. Rev., 20086, vol. 30, 243-73 {$123§]
O'DRISCOLL, J.F. GLYNNG. F. FITZGERALDD. VAN SINDEREN.Sequence analysis of the
lactococcal plasmid pNP40: a mobile replicon for coping with environmental hazards.J. Bacteriol.,
2006, vol. 188, 6629-39 (3124}

OJALA, V.J. LAITALAINENM. JALASVUORI.Fight evolution with evolution: plasmid-dependent
phages with a wide host range prevent the spread of antibiotic resistance.Evol. Appl., 2013, vol. 6,
925-32 {3129

OXARAN, V.F. LEDUE-CLIERY. DIEYEJ.-M. HERRYC. PECHOUXT. MEYLHEUCR. BRIANDETV.
JUILLARDJ.-C. PIARD.Pilus biogenesis in Lactococcus lactis: molecular characterization and role
in aggregation and biofilm formation.PLoS One, 2012, vol. 7, 1-18 j3128]

PROFT, T.E. N. BAKER.PIili in Gram-negative and Gram-positive bacteria - structure, assembly and
REUNANEN, J.I. VON OSSOWSKIA. P. A HENDRICKXA. PALVAW. M. DE VOS.Characterization of
the SpaCBA pilus fibers in the probiotic Lactobacillus rhamnosus GG.Appl. Environ. Microbiol.,
2012, vol. 78, 2337-44 {3128}

RINTAHAKA, J.X. YUR. KANTA. PALVAIL. VON OSSOWSKIPhenotypical analysis of the
Lactobacillus rhamnosus GG fimbrial spaFED operon: surface expression and functional
characterization of recombinant SpaFED pili in Lactococcus lactis.PLoS One, 2014, vol. 9,
e113922- {31241

RUSSELL, J. B.Nisin Resistance of Streptococcus bovis, 2001, vol. 67, 808-813 [&1281
RUTHERFORD, K.J. PARKHILLJ. CROOKT. HORSNELLP. RICEArtemis : sequence visualization
and annotation, 2000, vol. 16, 944-945 {3128}

RUYTER, P. DEO. KUIPERSW. DE VOS.Controlled gene expression systemlLactococcus lactis with
the food-grade inducer nisin. Appl., 1996, vol. 62, 3662-3667 {123}

SALMINEN, S.A. VON WRIGHTA. OUWEHAND.Lactic acid bacteria: microbiology and functional
aspects., 2004, [G1241

SAMBROOK, J.E. F. FRITSCHT. MANIATIS.Molecular cloning: a laboratory manual.Cold Spring
Habor Laboratory press19890000 {4128}

SCHABERG, D. R.M. J. ZERVOS.Intergeneric and interspecies gene exchange in gram-positive
cocci. Antimicrob. Agents Chemother, 1986, vol. 30, 817-822 [{128]

SCOTT, J. R.D. ZAHNERPIli with strong attachments: Gram-positive bacteria do it differently.Mol.
Microbiol., 2008, vol. 62, 320-30 {3124}



DK/EP 3430173 T3

SIEZEN, R.B. RENCKENS.Complete sequences of four plasmids of Lactococcus lactis subsp.
cremoris SK11 reveal extensive adaptation to the dairy environmentAppl. Environ. Microbiol., 2005,
vol. 71, 8370-8383 {3128}

SIM, N.-L.P. KUMARJ. HUS. HENIKOFFG. SCHNEIDERP. C. NG.SIFT web server: predicting
effects of amino acid substitutions on proteins.Nucleic Acids Res., 2012, vol. 40, 3128}

SIMON, D.A. CHOPIN.1988Construction of a vector plasnfid family and its use for molecular
cloningStreptococcus lactis, vol. 70, 559-566 [{128]

Characterization of Restriction-Modification Plasmids from Lactococcus lactis ssp. cremoris and
Their EffectsWhen Combined with pTR2030.SING, W. D.T. R. KLAENHAMMER.J. Dairy
Sci.Elsevier19910000vol. 74, 1133-1144 [&123}

STEELE, J. LL. L. MCKAYPartial characterization of the genetic basis for sucrose metabolism and
nisin production in Streptococcus lactis. Appl. Environ. Microbiol., 1986, vol. 51, 57-64 {{14%}
STENTZ, R.K. JURYT. EATONM. PARKERA. NARBADM. GASSONC. SHEARMANControlled
expression of CIUA in Lactococcus lactis and its role in conjugationMicrobiology, 2004, vol. 150,
2503-12 {31481

STERKENBURG, A.P. V. A. N. LEEUWENJ. T. M. WOUTERS.Loss of phage resistance encoded by
plasmid pSK112 in chemos- tat cultures of Lactococcus lactis sspcremoris SKI, 1988, vol. 10,
70451-456 {$128}

TAGUCHI, FY. ICHINOSEROole of type IV pili in virulence of Pseudomonas syringae pv. tabaci 6605:
correlation of motility, multidrug resistance, and HR-inducing activity on a nonhost plant.Mol. Plant.
Microbe. Interact., 2011, vol. 24, 1001-1011 {128}

TELFORD, J. L.M. A BAROCCHIl. MARGARITR. RAPPUOLIG. GRANDL.PIli in gram-positive
TON-THAT, H.L. A MARRAFFINIO. SCHNEEWIND.Protein sorting to the cell wall envelope of
Gram-positive bacteria.Biochim. Biophys. Acta, 2004, vol. 1694, 269-78 {128}

TON-THAT, HL. A MARRAFFINIO. SCHNEEWIND.Sortases and pilin elements involved in pilus
assembly of Corynebacterium diphtheriae.Mol. Microbiol., 2004, vol. 53, 251-261 {3128}
TON-THAT, H.O. SCHNEEWIND.Assembly of pili in Gram-positive bacteria. Trends Microbiol., 2004,
Towards a nanoscale view of lactic acid bacteria. TRIPATHI, P.A. BEAUSSARTG. ANDRET.
ROLAINS. LEBEERJ. VANDERLEYDENP. HOLSY. F. DUFRENE.Micron.Elsevier Ltd201200001-
8 {41291

VAN DER MEER, J. R.J. POLMANM. M. BEERTHUYZENR. J. SIEZENO. P. KUIPERSW. M. DE
VOS.Characterization of the Lactococcus lactis nisin A operon genes nisP, encoding a subtilisin-like
serine protease involved in precursor processing, and nisR, encoding a regulatory protein involved
in nisin biosynthesis.J. Bacteriol., 1993, vol. 175, 2578-88 {3149}

VON OSSOWSKI, I1J. REUNANENR. SATOKARIS. VESTERLUNDM. KANKAINENH. HUHTINENS.
TYNKKYNENS. SALMINENW. M. DE VOSA. PALVA.Mucosal adhesion properties of the probiotic
Lactobacillus rhamnosus GG SpaCBA and SpaFED pilin subunits.Appl. Environ. Microbiol., 2010,
vol. 76, 2049-57 {123}

WALSH, P. M.L. L. MCKAY.Recombinant plasmid associated with cell aggregation and high-
frequency conjugation of Streptococcus lactis ML3.J. Bacteriol., 1981, vol. 146, 937-944 {1241
WEGMANN, U.M. O'CONNELL-MOTHERWAYA. ZOMERG. BUISTC. SHEARMANC.
CANCHAYAM. VENTURAA. GOESMANNM. J. GASSONO. P. KUIPERSComplete genome
sequence of the prototype lactic acid bacterium Lactococcus lactis subsp. cremoris MG1363J.
Bacteriol., 2007, vol. 189, 3256-3270 [(128]

WELLS, J. M.P. W. WILSONR. W. LE PAGE.Improved cloning vectors and transformation
procedure for Lactococcus lactis.J. Appl. Bacteriol., 1993, vol. 74, 629-636 [§128]

ZERBINO, D. R.Using the Velvet de novo assembler for short-read sequencing technologies.Curr.



DK/EP 3430173 T3

Protoc. Bioinforma., 2011, 1-13 [&128]
« ZERBINO, D. R.E. BIMEY.Velvet. algorithms for de novo short read assembly using de Bruijn
graphs.Genome Res., 2008, vol. 18, 821-9 {3129}



10

15

20

25

30

35

DK/EP 3430173 T3

Patentkrav

1. Mazlkebakteriestamme med klumpende og/eller kadedannende
egenskaber, fortrinsvis nar den dyrkes under vaskeformige
betingelser, fortrinsvis uden en vasentlig mengde af et
klumpningsmiddel,

hvor klumpningsegenskaben resulterer 1 klumper pa mindst 20
bakterier pr. gennemsnitsklump, og hvor kadedannelsesegenskaben
resulterer 1 kader pa mindst 8 bakterier pr. gennemsnitskade,
0og hvor stammen omfatter en forgget mangde ekspressionsprodukt
af en pilin-genklynge, hvilket ekspressionsprodukt omfatter
pilin, og hvor ma&ngden af ekspressionsprodukt er forgget pa
baggrund af Lactococcus lactis subsp cremoris-NCDO712 ved
dyrkning under identiske betingelser, og hvor pilin-genklyngen
har en nukleotidsekvens, der har mindst 90 % sekvensidentitet
med SEQ ID NO: 1, 0og hvor malkebakteriestammen er en

melkesyrebakteriestamme.

2. Mazlkebakteriestamme ifelge krav 1, hvor
mxlkesyrebakteriestammen er en Lactococcus-stamme, fortrinsvis
en Lactococcus lactis-stamme, mere fortrinsvis en Lactococcus
lactis subsp. lactis-stamme eller en Lactococcus lactis subsp.

cremoris—-stamme.

3. Mazlkebakteriestamme ifolge et hvilket som helst af kravene
1-2, der har mindst én af egenskaberne valgt fra gruppen, der
bestdr af evne til at teksturere mexlk, evne til at woge
viskositeten ved dyrkning i1 malk, evne til at @ge belastning 1
forhold til shearing ved dyrkning i melk og evne til at gge
fraktionen af bakterier, der forbliver 1 ostemassen under

ostefremstilling.

4, Sammensatning, som omfatter en ma&elkebakteriestamme ifelge

et hvilket som helst af kravene 1-3.

5. Sammensatning ifwlge krav 4, som yderligere omfatter en
anden melkebakteriestamme, fortrinsvis en Streptococcus

thermophilus og/eller en Lactobacillus-art.
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6. Sammensatning ifelge krav 4 eller 5 1 frysetgrret eller

frosset tilstand eller 1 vaskesuspension.

7. Fremgangsmade til fremstilling af et mejerifedevareprodukt,
mere fortrinsvis et fermenteret melkeprodukt fra et
forstadiefegdevareprodukt, som omfatter podning af

forstadiefgdevareproduktet med en stamme ifelge et hvilket som
helst af kravene 1-3 eller med en sammensatning ifelge et hvilket
som helst af kravene 4-6 og inkubering af det podede

forstadiefedevareprodukt.

8. Fremgangsmade ifeglge krav 7, som vyderligere omfatter
tilsaetning af en anden bestanddel til inkubationen, fortrinsvis
en bestanddel valgt fra gruppen, der bestar af et smagsstof, en
frugt eller et frugtkoncentrat, en sirup, et prabiotikum, en
bakteriestamme (fortrinsvis et probiotikum), et farvestof, et

fortykningsmiddel, et konserveringsmiddel og et enzym.

9. Fedevareprodukt, fortrinsvis et mejerifedevareprodukt, som
omfatter en ma&lkebakteriestamme ifwlge et hvilket som helst af

kravene 1-3.

10. Anvendelse af en mazlkebakteriestamme ifelge et hvilket som
helst af kravene 1-3 eller af en sammensatning ifelge et hvilket
som helst af kravene 4-6 til fremstilling af et feodevareprodukt,

fortrinsvis et mejerifewdevareprodukt.

11. Bakteriestamme, som omfatter en foreget mengde
ekspressionsprodukt at en pilin-genklynge, hvilket
ekspressionsprodukt omfatter pilin, hvor mengden at

ekspressionsprodukt er forgget pa baggrund af Lactococcus lactis
subsp cremoris-NCDO712, og hvor pilin-genklyngen har en

nukleotidsekvens, der har mindst 90 % sekvensidentitet med SEQ
ID NO: 1.

12. Fremgangsmade til genoverfgrsel ved konjugation, som

omfatter tilvejebringelse af en sammensatning, der omfatter
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mindst én bakteriestamme ifelge krav 11, og inkubering af

sammensatningen under betingelser, der fremmer konjugation.

13. Fremgangsmade ifglge krav 12, hvor sammensatningen omfatter

mindst to bakteriestammer.

14. Fremgangsmade til fremstilling af en gnsket bakteriestamme,
der omfatter et genetisk trak af interesse, som omfatter
tilvejebringelse af en sammensatning, der omfatter:

- et forstadie af den gnskede bakteriestamme, hvor forstadiet
mangler det genetiske trak af interesse, og

- en donorbakteriestamme, der omfatter det genetiske trak af
interesse,

inkubering af sammensatningen under betingelser, der fremmer
konjugation, og eventuelt isolering af den gnskede
bakteriestamme, der omfatter det genetiske trak af interesse,
hvor mindst én bakteriestamme 1 sammensatningen omfatter en
pilin-genklynge, hvor pilin-genklyngen har en nukleotidsekvens,
der har mindst 90 % sekvensidentitet med SEQ ID NO: 1.
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DRAWINGS

Drawing

Fig. 1
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Fig. 3
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Fig. 8A
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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